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Summary

The term ‘multi-functionality’ refers to an agricultural activity that could have multiple outputs 

Considering the importance of irrigation water use and of the multifunctional roles of 

Demonstrate the Multi-functionality of Paddy Fields over the Mekong River Basin (DMPF), 

which was implemented during 2002-2007 to facilitate the sustainable development of the 

Lower Mekong Basin (LMB) region though improved agricultural production. The aim was 

to provide some methods or means by which MRC’s Member Countries could measure and 

Though the economic contribution to the household income from rice grain production is 

the primary function of paddy rice farming, it also generates employment and other associated 

mitigation, nurturing and restoring aquatic ecosystem, soil productivity and soil conservation.

in Viet Nam and Thailand. In Viet Nam, the study focused on the Mekong Delta region whereas 

in Thailand it focused on the Northeastern region of the country.

and sediments deposited.

aquaculture. However, the increasing use of pesticides in paddy cultivation may have negative 

effects on the biodiversity of aquatic ecosystems.
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At the same time, the results showed that cultivating paddy intensively on healthy soils will 

soils (Acid Sulphate Soils) effectively improve soil productivity.

hired labourers, contributing to poverty reduction by creating employment opportunities for 

resource-poor households. In addition, paddy cultivation has contributed to food security as 

well as exports.

have negative effects in the future.

that are of great economic value to farm households. These wild species make important 

contributions to the food supply of rural households, especially as sources of nutritionally 

valuable vegetables and proteins.

households in Northeastern Thailand. Paddy cultivation was the most important source of 

livelihoods and retain people in the agricultural sector, thereby reducing livelihood insecurity.

transformation of agricultural land to other uses. The reduction of paddy cultivation areas 

The reduction of paddy cultivation areas can have negative consequences on the diversity of 

wild species in rural areas. In addition, the intensive cultivation of rice with an increased use 

of chemical fertilisers and pesticides is having negative effects on the availability of aquatic 

resources.

Socioeconomic contribution is not often considered as a multifunctional role. But future 

research could also focus on the importance of the socioeconomic multi-functionality, 

especially the off-farm and non-farm opportunities created by paddy cultivation. The backward 

and forward linkages of paddy cultivation in the overall economy could be considered as an 

important multifunctional role and deserves more investigation.
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1. Introduction

1.1 Paddy production in Asia and the Lower Mekong Basin

Rice is the most important irrigated crop in Asia and covers almost 50% of the net irrigated area. 

For centuries, rice has been the main staple food in most parts of Asia and has been the most 

important source of employment and income for rural people. The current estimate shows that 

rice is grown in about 250 million farms in Asia and most of them are family-owned with an 

average size varying from less than 0.5 ha to 4 ha (FAO, 2007).

In Asian countries rice is highly valued owing to its strong linkages with food security, 

socio-economic development of the rural community, and conservation of natural resources and 

the environment. Paddy cultivation has been the basis for economic life, as well as social and 

cultural life, for several thousand years. Paddy farming continues to be the dominant agricultural 

activity in Southeast Asia, and also the major consumer of water (Groenfeldt, 2006).

In Southeast Asia, between 40 to 90% of the population are engaged in agriculture or related 

industries. Rice cultivation dominates cropping patterns in much agricultural land (FAO, 2007). 

The land-use map of the Lower Mekong Basin (LMB) region clearly depicts the dominant 

cultivation in the region are presented in Figure 1.2 and Figure 1.3 respectively.
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Figure 1.1 Land use map in the Lower Mekong Basin
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Figure 1.2 Paddy planted areas in the Lower Mekong Basin in the month of August

The detail on monthly changes in rice area is presented in Appendix 2. It shows that rice is produced all year round in the 

Vietnamese part of the Mekong Delta.
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Figure 1.3 Paddy productivity in the Lower Mekong Basin
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the major concentration areas are in the Vietnamese part of the Mekong Delta and Northeastern

Thailand. The monthly changes of rice planted areas indicate that rice is grown all year round in 

most parts of the Mekong Delta region. Considering the types of land-use, and particularly the

widespread paddy cultivation in the region, the water abstraction for agriculture is high in this
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Introduction

(MRC, 2003; and Hoanh et al., 2009). Among these countries, Thailand and Viet Nam have 

extensively developed their irrigation infrastructure. But the ratio of irrigated land to total arable 

land is still very low in the region (26.8%) compared to the Asian average of 45% (Hoanh et al.,
2009).

Given the importance of rice production in the economy of the LMB region and the 

export potential, further irrigation infrastructure development seems inevitable. This situation 

demands for further investigation on net water use in different sectors of agriculture and taking 

stock of existing irrigation infrastructures. Such information is helpful in better planning the 

development of water resourcesover to meet the ever increasing demand for water in different 

sectors, particularly agriculture and paddy production. This report is drafted in light of this 

background.

1.2

The countries in the monsoon region of Asia have a long history of collective, small-scale paddy 

landscapes have been increasingly threatened by urban encroachment, and many developed and 

developing countries in monsoon Asia are taking stock of the role that paddy cultivation plays in 

their social, cultural, spiritual, economic, and ecological well-being. Irrigated paddy cultivation, 

and the crucial role that water plays in making cultivation possible, is an integral dimension of 

this.

of rice production vary in regions, depending on the climate, social, cultural, and economic 

conditions, in addition to the settings of infrastructure and management systems.

recently in Asian monsoon regions. The irrigation facilities targeted to deliver water to rice 

ground water recharge, as well as spawning and breeding grounds for several aquatic species. 

services and opportunities for recreational activities (Groenfeldt, 2006).

Paddy cultivation in monsoon Asia illustrates the many complex functions of agricultural 

water (Groenfeldt, 2006). The lowland rice landscape provides many ecosystem services which 

have been receiving increased recognition under the term ‘multi-functionality’. In East Asian 

countries like Japan, the Republic of Korea, and Taiwan, multi-functionality has become a focal 

issue in agricultural policy in the context of international trade negotiations (FAO, 2007). In 
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change mitigation; and biodiversity conservation, recreation and amenities (Kim et al., 2006). 

et al., 2006) and Taiwan (Huang et al. 2006).

traditionally the agricultural production of the region is dominated by rice production that 

consumes large amounts of water from the small basin. The multi-functionality of these paddy 

study on these important multifunctional roles of paddy is virtually non-existent.

1.3 Study objectives

In the context of the importance of irrigation water use and realised multifunctional roles of 

to Demonstrate Multi-functionality of Paddy Fields over the basin (DMPF). The project 

was implemented during 2002-2007 with the major purpose of facilitating the sustainable 

development of the LMB region though improved agricultural production. The aim was to 

provide some methods or means by which MRC Member Countries could measure and improve 

the multi-functionality of rice farming.

Initially the project aimed to cover all four Member Countries in all aspects of this research 

project. There were two stages; data collection on irrigation and agriculture; and the analysis of 

a change in the direction of the project.

The project objective was adapted to ‘achieving a better understanding of multi-functionality 

on the research results and preliminary reports documented during the period 2002-2007.
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2. Multi-functionality: Review and analytical framework

2.1 Multi-functionality of Agriculture

The term ‘multi-functionality’ refers to an agricultural activity that could have multiple outputs 

The multiple roles of agriculture include food security, maintaining and ensuring viability 

of rural communities, and environmental protection, such as land conservation, sustainable 

management of renewable natural resources, preservation of biodiversity, landscape, and 

moreover acting as a critical link between aquatic and inland agricultural resources in irrigated 

The key issues of multifunctional agriculture recognised by the Organisation for Economic 

Co-operation and Development (OECD) are: (i) the existence of jointness between commodity 

commodity outputs exhibit the characteristics of externalities, for instance, existence of market 

failure; and (iii) whether government intervention is the best option to minimise market failures. 

The pattern and degree of jointness with rice production is different for each multifunctional 

attribute. The OECD (2001) says that jointness of rural amenity and cultural heritages with food 

production is quite strong, while that of food security and rural viability is relatively weak.

The most important issue on the production side of multi-functionality concerns the nature 

and degree of jointness between the production of crop and livestock products on the one 

hand, and production of multifunctional attributes on the other hand. If there were no jointness, 

multifunctional attributes could be provided independently of agricultural commodities and 

there would be no case for agricultural price and income support programs as a mechanism 

for promoting multi-functionality. In general, jointness can arise due to either technical 

interdependencies in production or economic interdependencies.

A great deal has been written in the past few years about the multi-functionality of 

agriculture, particularly in the context of the European Union where a common agricultural 

policy has been negotiated by member states. The concept of multifunctional agriculture 

Ministerial level meeting (Huang et al. 2006). It was then discussed in detail at the 1992 Earth 

Summit in Rio in the context of food security and sustainable development. The term ‘multi-

functionality’ was used in Agenda 21 to describe the potential for positive environmental 

concept can be seen in the conference held by the FAO-Netherlands in Maastricht in 1999. The 

title of that conference was ‘Taking Stock of the Multifunctional Character of Agriculture and 

Land’ with the objective to ‘identify new practices and the necessary enabling environments that 
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will lead to increased agricultural sustainability’ (Groenfeldt, 2006). Furthermore, the multi-

of the Agreement on Agriculture in the WTO Uruguay Round (Anderson, 2000).

There has been a gradual expansion of the meaning of multi-functionality (Groenfeldt, 

of multi-functionality may vary based on the different environments, and farming traditions for 

each country. In Europe, multi-functionality is contributing to a broad discourse about the nature 

of development and the future character of rural life in a ‘post-productive’ society. In Asia, 

multi-functionality has been incorporated into the agricultural policies of Japan but remains 

et al., 2006). So far, proponents 

of multi-functionality in this region remain in the research mode, studying the concept and 

proposing indicators that may eventually support policy measures.

2.2 Externality and multifunctional roles

non-commodity outputs, that can be both positive and negative (FAO, 2007). The externality 

farming. Positive impacts could include public goods provision, while negative impacts could 

include the environmental burden (Abler, 2004). Negative externalities may include problems 

like soil erosion, nutrient runoff and leaching, and methane from livestock manure—all 

governed by biophysical processes, although they can be mitigated using alternative production 

or abatement technologies.

Matsuno et al. (2002) noted that the comprehensive assessments of agricultural externalities 

are very recent. Most of the attention was focused on negative externalities such as salinisation, 

and more recently on the non-point pollution. The recognition of positive externalities of 

agriculture, particularly irrigated paddy cultivation, is relatively new. Recently, there has been 

a broad consensus regarding positive externality associated with agriculture;.including erosion 

conservation, landscape improvement, subsistence reduction, and reduction of global climate 

impacts.

The associated positive and negative externalities raise concerns regarding policy options 

to facilitate positive externalities and discouraging negative externalities. Pretty et al. (2001) 

propose some options for internalising the externalities of agriculture while encouraging 

positive ones at the same time. These options focus on regulatory and institutional measures 

such as: environmental taxes, subsidy and incentive reforms, institutional and participatory 

mechanisms. Pretty (2003) further suggested putting monetary values on externalities.
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Multi-functionality: Review and analytical framework 

European Union countries have many agri-environmental programs at various levels of 

government. Those programs are usually voluntary and generally compensate farmers for 

following certain management practices. The majority of such programs have more than one 

objective including the reduction of negative externalities from agriculture (Abler, 2004).

2.3 Analytical framework

In any analysis of agricultural/environmental policy and multi-functionality, it is essential to 

negative externalities (Abler, 2004).

However, there have been some efforts in this regards. Various non-market valuation methods 

A common method is toestimate the willingness to pay (WTP) for multifunctional attributes 

et al. (2006) reviewed various stated preference approaches used in 

the estimation of WTP of Korean paddy farming. Matsuno et al. (2002) used the Contingent 

Putting monetary values on externalities, non-market functions, gives a better understanding of 

their negative or positive effects (Pretty et al., 2001; Pretty, 2003).

Paddy cultivation generates both commodity (marketed) and non-commodity (non-marketed) 

outputs. The main focus was on multifunctional roles that generate non-commodity outputs such 

and soil conservation. These multifunctional roles are analysed based on physical and technical 

indicators. In addition, though the economic contribution to the household income from rice 

grain production is the primary function of paddy farming, it also generates employment and 

other associated opportunities. This role has also been included as one of the multifunctional 
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3. Research approach and methodology

3.1

of two countries: Viet Nam and Thailand. In Viet Nam the study focused on the Mekong Delta 

region whereas in Thailand it focused on the Northeastern region.

Six sub-project study sites were selected from the four provinces in the Mekong Delta for 

collection and monitoring of the different indicators of selected multifunctional roles of paddy

on locations, land use and the functions analysed in each sites are presented in Table 3.1.

Figure 3.1 Map showing the location of the study sites in the Vietnamese part of the Mekong Delta
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Table 3.1 Study sites selected in the Mekong Delta for analysing the multi-functionality of paddy 

Study site Location Land use Functions analysed

Study site 1
Phu Tho village

Tam Nong district

Dong Thap province

2 paddy crops, 1 paddy 

Flood mitigation

Soil conservation

Aquatic ecosystem

Socioeconomic aspects

Study site 2 
Hoa An village

Cao Lanh district

Dong Thap province

2 paddy crops, 1 upland 

crop

Flood mitigation

Soil conservation

Socioeconomic aspects

Study site 3
My Thanh Nam village

Cai Lay district

Tien Giang province 

3 paddy crops
Soil conservation

Socioeconomic aspects

Study site 4
Than Cuu Nghia

Chau Thanh district

Tien Giang province

3 non-paddy crops 

(upland crops, cash 

crops)

Socioeconomic aspects

Study site 5
Thot Not and Co Do district

Can Tho City

Can Tho province

Paddy crop, Fresh water 
Aquatic ecosystem

Study site 6 

(coastal area)

My Xuyen district

Soc Trang province

Paddy crop, Brackish 

water aquaculture 

(shrimp)

Aquatic ecosystem

three sub-project study sites were selected. Figure 3.2 shows the location of sub-project study 

sites in Northeastern Thailand. The details on locations, land use and the functions analysed in 

each sites are presented in Table 3.2.
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Research approach and methodology

Figure 3.2 Map showing the study sites in Northeastern Thailand

Table 3.2 Sub-project study sites selected in Northeastern Thailand for analysing the multi-

Study site Location Land use Functions analysed

Study site 1

Nai Muang Sub-district,

Muang district, Roi Et 

province

Paddy crops and urban

areas
Flood mitigation

Study site 2

Nong Ben Village, Nong

Thon Subdistrict, Muang

District, Khon Kaen

province

Irrigated and rainfed paddy

cultivation

Nurturing and restoring

aquatic ecosystem

Study site 3

Dong Yen Village,

Numpong District, Khon

Kaen Province

Irrigated and rainfed paddy

cultivation
Socioeconomic aspects

3.2

as follows:
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analysing the indicators on physical and chemical characteristics of paddy soils,

provide other multifunctional roles such as employment generation and food security.

All four functions were included in the Mekong Delta while the Northeast Thailand study 

included only three of them (it excluded the soil productivity and soil conservation functions).

3.3 Multiple Data acquisition and collection techniques

Water is an essential component of security, social, economics and other development issues 

development. Evaluation of the irrigation water use is necessary to gather basic information on 

LMB.

Assessment of the irrigation water use under the project could be taken through a number of 

possible methods, such as: (i) remote sensing; (ii) Integrated quantity-quality model (IQQM) 

remote sensing technology could be applied to the whole basin if the methodology was adequate 

enough for a wider area, although it might be costly. The second method on IQQM would not be 

one was mainly based on GIS. This could be an appropriate methodology to assess irrigation 

water use in the LMB by building up and analysing data in a series of various GIS layers to 

calculate the water use. After some discussion it was agreed to base the analysis on GIS system 

using ArcView.
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database. The detail of this technique is discussed in relevant sub-sections in chapters 4 and 5.

such as monitoring households’ collection of wild products regularly, keeping daily records on 

all the farm activities etc. Some functions needed soil and water sampling as well. The details 

are discussed in relevant subsections in chapters 4 and 5.

Similarly, various participatory data collection techniques were used in the analysis of 

from rapid rural appraisal to participatory rural appraisal tools. In addition, household surveys 

were also used in many cases. The details of the methods used are discussed in relevant 

subsections in chapters 4 and 5.
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4.

part of the Mekong Delta

visible examples of key functions selected for the Mekong Delta.

Delta:

Improvement of soil productivity and soil conservation (by analysing the indicators on 

physical and chemical characteristics of paddy soils);

Nurturing and restoring aquatic ecosystems (by analysing the data on nutrient load 

In addition, the associated socioeconomic contribution in rural areas (besides direct 

household incomes from paddy production) was included in the analysis of multifunctional 

roles.

4.1

an enormous mass of sediment to the Mekong Delta. The sediment is not only deposited in the 
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Study sites

This sub-study was conducted in two sites from the province of Dong Thap: Cao Lanh town 

and Tam Nong suburban district (as presented in Figure 3.1 and Table 3.1).

Tam Nong pilot site covered two communes: Phu Tho, Tan My and Tam Nong town, in the 

district of Tam Nong. It has a total area of 3,260 ha, and is surrounded by large canals in the 

north, east and west. In addition, there is an August embankment system along the secondary 

season. The irrigation network, embankment system and road structures in the Tam Nong pilot 

area are presented in Table 4.1. The land use at present is dominated by two seasons of rice 

crops during the Winter-Spring seasons (WS) and the Summer-Autumn seasons (SA). A strip 

of land along Dong Tien canal has been utilised for aquaculture. Annually, after the harvest 

inundated until the end of November.

The Cao Lanh town pilot site covers the commune of Hoa An and has a total area of 120 ha. 

agricultural production. The irrigation network, embankment system and road structures in 

the Tam Nong pilot area are presented in Table 4.1. In Cao Lanh pilot site, most of the area 

includes triple paddy cropping with WS, SA, and Autumn-Winter (AW) crops. Some areas at a 

higher level near the roads are used as orchards. Annually, at the end of August or beginning of 

August dikes.

Table 4.1 Irrigation network, embankment system and road structures in the pilot study sites

Water control structures Length (km) Width (m) Density (m/ha)

Tam Nong Pilot area

Main canal system 35.88 8 - 25 10.91

Secondary canal system 75.85 2 - 8 23.05

Embankment system 35.87 1.5 – 3.0 10.90

Transport roads system 16.49 10 - 14 5.01

Cao Lanh Pilot area

Main Canal system 4.87 10 - 20 40.57

Secondary Canal system 6.623 2 - 6 55.19

Embankment system 4.868 1.5 - 3 40.57

Transport roads system 1.84 4 - 6 15.33
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Water level was observed by gauge markers set up at the entrance and exit points of the 

pilot areas, with 2 sites upstream and downstream of each pilot area.

each pilot area.

A desk study was done to collect secondary data (both digital and non-digital data) on 

sedimentation) as well as to map the results of the analysis.

- Flood water levels and water storage capacity in the pilot areas

causing inundations. The results showed that in the middle of August, water levels increase 

level continues to increase at the beginning of September until October before slowly going 
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Table 4.2

Months

(m2) (m)

Total water volume

(m3)

Tam Nong Pilot area

August 12,003,204 0.31 3,720,993

September 24,582,562 0.52 12,782,932

October 32,648,715 0.68 22,201,126

November 18,576,488 0.35 6,501,771

Cao Lanh Pilot area

September 437,500 0.20 87,500

October 896,000 0.37 331,520

November 677,087 0.27 182,813

- Sedimentation and depositing capacity in pilot study areas

The preliminary capacity and total volume of sediment was calculated based on the monitored 

Table 4.3 Total volume of sediment deposition in the pilot study areas

Month Average sediment 

volume in canals 

(mg/l)

Average sediment 

(mg/l)

Flooded area of 

(ha)

depth in paddy 

Total volume 

of deposited 

sediments (ton)

Tam Nong Pilot area

August 137 102 1,200 0.31 129.57

September 93 73 2,458 0.52 293.33

October 81 68 3,265 0.68 137.06

November 37 21 1,858 0.35 305.77

Cao Lanh Pilot area

September 92 68 44 0.20 209.90

October 84 67 90 0.37 428.90

November 71 64 90 0.27 65.90
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-
deposition of sediments

2005.

Delta was 9633 million m3

Table 4.4

Months Depth (m) Flooded Area 

(ha)

Sediment content 

(g/m3)

Flood water 

volume (m3)

Sediment volume 

(ton)

August 0.5–3.0 1,113,126 50 – 200 9,632,958,273 1,369,587

September 0.5-3.0 1,108,048 25 – 200 15,990,137,583 1,966,798

October 0.5-3.0 1,131,692 25 – 200 16,448,190,946 2,179,792

November 0.5-3.0 1.135.195 25 – 200 12,682,034,367 932,789

August 0.5-3.0 1,131,089 25 - 200 8,303,305,845 876,911

September 0.5-3.0 1,149,767 25 - 200 11,965,716,668 903,049

October 0.5-3.0 1,217,521 25 - 200 14,679,840,950 868,977

November 0.5-3.0 932,012 25 - 200 11,776,720,057 569,048

- Conclusion

sediment is deposited.
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4.2 Nurturing and restoring aquatic ecosystems

can absorb nutrients and trap organic matters to improve the quality of the water that passes 

the aquatic ecosystems with a special attention on rice-aquaculture systems.

Study sites

Four study areas were selected in the Mekong Delta based on natural characteristics. Irrigated 

Can Tho province) were chosen in order to investigate any differences or changes in the 

was selected in My Xuyen as a reference site for other freshwater areas and to compare the 

resources harvest and management. In some areas (such as Can Tho and My Xuyen), paddy 

and Dong Thap)(see Figure 4.1).

Figure 4.1 Pictures showing paddy cultivation with (in Soc Trang and Can Tho) and without 

surrounding trenches (in Dong Thap and Tien Giang)
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province for three consecutive months.

Thot Not) and one unaffected by aquaculture activities (direct input from a river in Cai Lay). 

Plankton and benthos were also sampled to investigate the biodiversity of aquatic organisms 

-

(Figure 4.2). Fisheries production was reported to be highest near the end of the rainy season, 

declined due to the excessive use of chemicals in shrimp farming and the discharge of polluted 
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Figure 4.2

A total of 61 species belonging to 4 phyla were recorded in Thot Not (Can Tho city). The 

ecosystems.

-
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substantially contribute to purifying the environment and prevent the eutrophication that may 

pollute the ecosystems.

Figure 4.3

results showed that all parameters were reduced after being stored one month in the paddy 

comparative reduction in two cases is presented in Figure 4.4.

Figure 4.4
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- Conclusion

trenches. However, consideration should be paid to protect the resources from the indiscriminate 

4.3 Soil productivity and soil conservation

Rice is widely grown over the Mekong Delta because of the favourable physical conditions 

(such as available freshwater and developed soils) for its cultivation. However, in practice, the 

depletion, physical problem, salinisation). Therefore, in order to obtain a stable increase of 

paddy production, many methods of land and water management have been widely applied to 

relation with soil productivity and soil conservation are very important.

Study sites

Four study sites were selected; they represent the typical paddy cultivated in the Mekong Delta 

with problem soils (Acid Sulphate Soils) and without problem soils (alluvial soils).

Study site 1 (VN1): Phu Tho village, Tam Nong district, Dong Thap province for a case 

mottles),

Study site 2: Hoa An village, Cao Lanh town, Dong Thap province for a case of paddy 

Study site 3: My Thanh Nam village, Cai Lay district, Tien Giang province for a case 

of continuous paddy cultivation (some areas alternated with water-melon), situated on a 

recent alluvial soil,

Study site 4: Hoa An village, Phung Hiep district, Hau Giang province for a case of paddy 
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system (1996). All the master soil horizons were described using the guidelines of FAO/

UNESCO (1990) and the ‘Munsell soil color chart’.

were measured by squeezing soil in hand. Undisturbed soil sample were taken at the depth of 

the master soil horizons. In addition, about 3 kg of the disturbed soil samples were taken from 

each soil master horizon above with the sampling plan for physical and chemical determinants.

areas were interviewed. The main informations collected were: history of land exploitation and 

land use development, cropping patterns and changes of land use types; cultivation techniques 

and land management; soil preparation and management activities within a year; annual 

fertiliser used (chemical, organic, manure or others) including type, amount, number, and 

application methods; irrigation and drainage (irrigation ways and water quality); and yield and 

limiting factors to crop yield and soil productivity.

-

In recent decades, rice production has become increasingly dependent on inorganic fertilisers, 

and less attention has been paid to soil management. The local farmers have relied on fertiliser 

applications to improve their crop yield rather than soil capacity. Those activities have reduced 

soil productivity and are leading to soil degradation. Rice yield has kept improving over the past 

5 years, but now seems to have stagnated and soil problems have occurred.

The stability of soil aggregates was analysed as part of the soil quality related to the 

formation processes on each study location. The Stability Quotient (SQ) of the soil master 

horizons A and B is presented in Figure 4.5. The stability was not at a high level (136.2 is 

the maximum SQ value) and the difference between horizons A and B was not important 

farming including cash crops, the SQ improved a lot on both horizons A and B compared to the 

continuous rice cultivation, as in siteVN3. With mono-rice cultivation and high soil rotation, SQ 

tends to be reduced.
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Figure 4.5 Stability Quotient (SQ) of soil horizons in the different study sites

production. Physical soil characteristics related to soil compaction both for soil master horizon 

A and B are summarised in Table 4.5. In the intensive paddy cultivation areas, soil compaction 

has formed below the top soil horizon. The results showed soil compactions under the depth 

of the plow layer in study sites 2 and 3. Other studies on intensive rice cultivation spread in 

cultivation strongly deteriorated the physical fertility of soils.
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Table 4.5 Physical soil characteristics related to soil compaction of the soil master horizon A and B 
in the study locations

Study sites Soil depth 

(cm)

Physical soil characteristics

3) 3) SR (stage)

Soil horizon A

VN1 0-25 0.71 1.01 29 r

(0-25) 0.65 0.98 34 r

VN2 0-15 1.23 2.52 51 R

(0-15) 1.20 2.36 49 R

VN3 0-20 1.13 2.44 53 r

(0-20) 1.21 2.46 50 r

VN4 0-25 0.86 2.21 61 r

(0-25) 0.95 2.22 57 r

Soil horizon B

VN1 25-80 0.77 1.71 55 r

(25-80) 0.71 1.70 58 r

VN2 15-65 1.47 2.55 42 R

(15-65) 1.30 2.55 49 R

VN3 20-65 1.34 2.46 45 Rr

(20-65) 1.38 2.40 42 Rr

VN4 45-90 1.03 2.43 57 r

(45-90) 1.15 2.51 54 r

Note (): indicated for soil depth of other cultivation (alternate with cash crop, fallow, mono-rice)

SPR: Soil penetration resistance; SR: Soil ripening

intensively and other cases was still too low to prevent root penetration. In the study site 2, 

the value was higher than in others, but it did not reach the critical value. In comparison to the 

negatively.

Soil ripening (SR) represents a development stage of soil formation processes and is mainly 

SR improved, compared to others, specially the continuous rice cultivation under restricted 

conditions such as at study site 3. Although soil compaction, at the time, was not severe on the 

The total available soil water content was estimated only for soil master horizons A and 

B, which are commonly considered as the effective rooting depth in the Mekong Delta. The 

cumulative data of available soil water storage (CAWS) gives the difference of the cumulative 
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The results showed that in most of the study sites, soil nutrients are rather poor in the subsoil 

horizons, even in the areas of intensive rice cultivation (the so-called non-problem soils). Most 

of the soils in the selected study sites, where rice is continuously grown, showed physical 

crops were alternated with rice. Human-induced soil degradation tends to increase, especially 

in the area of mono-rice cultivation. Soil compaction was the main problem in intensive 

productivity in the current intensive rice cultivation areas.

- Conclusion

soils will gradually reduce the soil productivity, essentially to the physical soil fertility, 

(especially soybean as cash crop) was the best solution for soil conservation and sustainable 

agricultural production in the Mekong Delta. It helps improve soil compaction. It suggests that 

alternative uses of land (for example eco-tourism) in the problem soil should be considered.

4.4 Farm household income and multifunctional roles in other 

socioeconomic aspects

Rice production in the Vietnamese part of the Mekong Delta as a whole plays a crucial role in 

the economic development of the region. Though rice production is the basic function of paddy 

employment generation and national food supply. However, these functions and their impacts on 

Study sites

Four study sites were selected within the Vietnamese part of the Mekong Delta. The villages 

selected for this study cover at least the major rice-based production systems in the Mekong 

Delta. In addition, a village with non-paddy production was also selected in order to compare 

with villages relying on the paddy production. The characteristics of the selected study sites are 

summarised in Table 4.6.
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Table 4.6 Characteristics of the selected study sites in the Mekong Delta

Study site Location Agro-ecological zone Soil characters Crop production systems

Site 1

Phu Tho

Tam Nong

Dong Thap province

Acid sulphate soils 2 paddy crops

Site 2

Hoa An

Cao Lanh

Dong Thap province

Undeveloped alluvial 

soils

2 paddy crops and 1 

upland crop

Site 3

My Thanh Nam

Cai Lay

Tien Giang province

Flood control area
Developed alluvial 

soils
3 paddy crops

Site 4

Than Cuu Nghia

Chau Thanh

Tien Giang province

Flood control area
Developed alluvial 

soils
Non-paddy crops

survey using participatory approaches (Participatory rural appraisal or PRA). The secondary 

data was mainly collected from available reports related to paddy and non-paddy crops 

production, statistical yearbook and others.

enabled measurement of the incomes and employment generation, which are considered to be 

group discussion (FGD) and a household survey.

The FGD was conducted to gather informations that provide a general picture on the role 

collect socioeconomic data on farm households in selected villages. A total of 40 households 

from the four selected villages were interviewed: 10 households in Phu Tho village; 10 in Hoa 

An village; 9 in My Thanh Nam village; and 11 in Than Cuu Nghia village.

Many farmers in the Mekong Delta are still living in poverty with a low household income. 

However, the average income per capita in the Mekong Delta has increased gradually in the 

recent years (Can N.D. 2004; Duong et al., 2005). In irrigated areas, rice production is the main  

source of income, contributing about 60% to the total income (Can N.D. 2005).

land quality, irrigation development, as well as applying advanced farming practices. These 

investments facilitate the obtention of high yields and higher incomes, helping alleviate 
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farmers’ poverty. Besides the direct production of grains, paddy cultivation requires a lot of 

manual labour and thus require the use of hired labour in addition to family labour. In the 

Mekong Delta, a labour force of approximately 8.9 million is engaged in agriculture and paddy 

production (CSO, 2005) and a large part of this hired labour migrate to paddy production areas 

in the peak harvest time (Can N.D. 2004).

-

The contribution to the farm household income is the primary role of paddy cultivation and 

thus it is in fact not a multifunctional role. However, this subsection discusses the relative 

contribution of paddy cultivation in comparison to other sources of income. Paddy was the main 

source of income contributing on average nearly 60% to the farm household income. Other 

4.7); but the income contribution from other sources was low.

Table 4.7

Sources of income Hoa An Phu Tho Than Cuu Nghia My Thanh Nam

 Paddy farming 60.6 72.1 56.6 41.9

 Livestock 4.1 1.8 1.8 8.4

 Homestead 5.7 - - 13.9

 Agriculture wage labor 6.3 18.2 3.1 5.9

 Non-agriculture - - 17.7 16.9

 Services 23.3 7.9 20.8 13.0

Source: Household Survey, 2007.

Large variations were found on the average annual income across the four study villages. 

The average annual household income was the lowest in Hoa An and the highest in My Thanh 

Nam village (Table 4.8). Similarly, the average annual income from paddy was the lowest in 

Hoa An and the highest in Phu Tho. Consequently, the average per capita income was the lowest 

in Hoa An.

Table 4.8

Sources of income Hoa An Phu Tho Than Cuu Nghia My Thanh Nam

 Paddy farming 19,106 36,670 24,772 22,571

 Livestock 1,300 933 800 4,533

 Homestead 1,800 - - 7,480

 Agric. wage labor 2,000 9,250 1,350 3,150

 Non-agriculture - - 7,733 9,100

 Services 7,333 4,000 9,125 7,000

 Total income 31,539 50,854 43,780 53,834

 Per capita income 5,006 10,820 9,443 11,012

Source: Household Survey, 2007. Exchange rate: US$1 = VND 17857 (19 October 2009)
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paddy cultivation alone. The crop production systems varied across selected villages. Most of 

the villagers in Hoa cultivated 2 paddy crops and one other crop such as soybean, mung bean or 

maize. The villagers in Phu Tho cultivated 2 paddy crops per year. Villagers of Than Cuu Nghia 

grew non-paddy crops (mainly vegetables). Farmers of My Thanh Nam cultivated 3 paddy 

production systems (Table 4.9). The net return per ha was highest for non-paddy crops (107 

very effectively with about ten harvests per year. However, in terms of per household it was still 

low compared to other systems, especially due to the land size.

Table 4.9

2 Paddy + 1 non-paddy 2 Paddy crops Non-paddy crops 3 Paddy crops

Rice yield (t/ha) 5.51 6.08 - 6.73

Productivity, rice 

equivalent (t/ha/year)
17.14 11.55 58.20 17.26

Total costs (/ha/year)  18169 13507 52695 20820

Gross value of 

production (/ha/year)
47144 31761 160058 48238

Net return (/ha/year) 28975 18255 107363 27419

1.59 1.35 2.04 1.32

Source: Household Survey, 2007. Exchange rate: US$1 = VND 17857 (19 October 2009)

-

employment as it requires a lot of manual labour. The labour use in different paddy production 

systems is presented in Table 4.10. It shows that paddy production generates employment for 

farm households. The other factor to consider for employment generation is hired labour. The 

paddy production has generated opportunities for hired labourers, for the landless and marginal 

farmers. Labourers from the different regions migrated to work in paddy farming, especially for 

harvesting rice. The total hired labour requirement was higher in the 3 paddy crops system.

Table 4.10

Production systems Winter-Spring crop Summer-Autumn crop Autumn-Winter crop

Family labour Hired labour Family labour Hired labour Family labour Hired labour

2 paddy crops 10 63 11 71 - -

2 paddy+1 non-paddy 27 55 25 63 32 50

3 paddy crops 20 56 24 61 23 58

Source: Household Survey, 2007.
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- Role in contributing to the economic development and food security

The Mekong Delta is an important region for paddy production in Viet Nam as it produces more 

than half of the total paddy production of the country (accounted for 54% of the total national 

production). Agricultural production, especially paddy production, continues to play a dominant 

role in the economy.

Viet Nam and the demand increases with the population growth. Table 4.11 shows the trends 

of population growth and projected rice demands from 2005 onwards. In 2000, the rice 

consumption of the country was about 20 million tons (rough rice) and it is expected to increase 

to about 22 million tons in 2010. In the Mekong Delta, rice consumption was 4.21 tons in 2000 

and should increase to 4.64 tons in 2010. At the same time, rice production is projected to be 

20.8 million tons in 2010 in the Mekong Delta alone. It shows that paddy production in the 

Mekong Delta could contribute to food security for the delta as well as other regions in Viet 

Nam.

Table 4.11

Nam and the Mekong Delta 

Years

2000 2005 2010

Population (mil. people) 

Viet Nam Total 77.69 83.74 89.81

Mekong Delta 16.38 17.67 18.90

Paddy production (mil. tons) 

Viet Nam Total 32.53 35.79 38.00

Mekong Delta 17.11 19.23 20.86

Consumption (mil. tons; rough rice)

Viet Nam Total 20.00 21.00 22.00

Mekong Delta 4.21 4.41 4.64

Source: GSO (2004), Duong et al (2005) and calculation under study.

The Mekong Delta produces rice not only for meeting domestic demand—but also for 

exports. A large volume of the exported rice of the country came from the Mekong Delta. 

The amount of milled rice for export has increased year by year. It was about 3.4 million tons 

in 2000 and increased to 4.5 million tons in 2005 (Table 4.12). Dong Thap and Tien Giang, 

provinces (the two provinces covered by the study) were also the rice exporters in the region. 

In 2005, Dong Thap exported about 0.31 million tons (milled rice) and Tien Giang about 0.28 

million tons to the world market. Producing rice for export continues to be the major focus of 

Mekong Delta farmers.
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Table 4.12

Provinces Years

2000 2001 2002 2003 2004 2005

Mekong Delta (mil. tons) 3.37 4.00 3.90 4.55 4.00 4.45

Dong Thap (mil. tons) 0.27 0.24 0.28 0.35 0.25 0.31

Tien Giang (mil. tons) 0.27 0.22 0.12 0.21 0.17 0.28

Source: SOT (2005), SOD (2005)

- Conclusions

generation of employment in farm households. Paddy farming involves not only family labour, 

but also a large number of hired labourers and thus it can contribute to poverty reduction by 

creating employment opportunities for resource-poor households. In addition, paddy cultivation 

has contributed to food security as well as exports.
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5.

Thailand

Nurturing and restoring aquatic ecosystem (by analysing the nurturing function for wild 

aquatic species).

In addition, the associated socioeconomic contribution to rural areas besides direct household 

income from paddy production was included in the analysis of multifunctional roles.

5.1

industrial areas, and other non-agricultural areas. Because of these changes, some cities are at 

Study Sites

Roi-Et city was selected from the Roi-Et province in Northeastern Thailand (see Figure 3.2). 

The study area covered the whole district of Muang Roi-Et, which has a land area of 49500 ha 

on the Roi-Et municipality, which is the main commercial and urban area of the district. It 

slightly tilted from the Southwest to the Northeast.
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Aerial photos of Roi-Et city were obtained for three different time periods, 1987, 1997 and 

land use or land cover maps of Roi-Et area were collected. Other relevant data on infrastructures 

around the city were gathered from secondary sources. The historical rainfall data of the area 

was obtained for the past 50 years.

The aerial photographs of the area were used to create land use maps for different periods. 

water resources, and forest.

-

The land cover maps were produced for 3 periods: 1987, 1997 and 2005. Samples of aerial 

historical rainfall data for the last 49 years (from 1958-2006) showed that the average rainfall 

in this city is approximately 1385 mm per annum. The land use change in the area from 1987 to 

2005 is presented in Figure 5.1.
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Figure 5.1 Land cover map of the study area in the year 1987, 1997, and 2005

Figure 5.1 clearly shows that the paddy cultivation area around the city has decreased over 

nearly 30%. In the same time period, urban areas increased from 608 ha in 1987 to 1858 ha in 

areas around the city covered 4306 ha. Assuming an average water depth of 0.40 m, paddy 
3 of water at that time, but it has consequently 

decreased to 12.5 million m3 in 2005 (Table 5.2). In the last two decades, the decrease of paddy 
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Table 5.1 Land use change and water holding capacity around Roi-Et city between 1987-2005

Year Urban area (ha) Water depth (in m) Water holding capacity (m3)

1987 4306,24 608,32 0.4 17,224,960

1997 3537,44 1474,88 0.4 14,149,760

2005 3140,16 1858,88 0.4 12,560,640

-

Assuming the additional rainfall and different water holding capacities (in terms of water 

depth), the additional volume of water needed to be drained from the city was calculated. The 

results showed that with additional rainfall, the total volume of water to be drained from the city 

increases substantially. The total area of Roi Et city covers 499 ha and has a total paddy area 

of 3140 ha in 2005. Assuming a 100 mm rainfall and a water depth of 10 cm (0.10 m) in paddy 
3 while the 

3 of water. In this scenario, more than 1 

million m3 needs to be drained from the city (Table 5.2).

Table 5.2

Rainfall

(mm)

Rain water in 

whole area (m3)

3) and surplus 

water needed to be drained out (in italic)

.10 m .20 m .30 m .40 m

3,140,160 6,280,320 9,420,480 12,560,640

100 4,999,040 Surplus water needed to be drained out from

200 9,998,080 city area

300 14,997,120

400 19,996,160

- Conclusion

by rainfalls of more than 100 mm). Many cities at low altitude should pay attention to the role 
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5.2

It has been observed that the people of Northeastern Thailand cope with variability in their 

habitat factors by employing a ‘combined subsistence system’ in which their reliance on 

glutinous rice as the staple food is complemented by a large input from wild food sources 

Black, 1991). Many of these wild species play an important role in the income of farmers’ 

household. Although it is already known that farmers tend to collect different wild species in 

different seasons (rainy, cool dry and hot dry), the extent of seasonal differences in the diversity 

Study Sites

Nong Ben village in Muang district of Khon Kaen province was selected for the study (see 

Figure 3.2). The village is located approximately 20 km from Khon Kaen municipality. Nong 

Ben village has the total population of 1,237 people in 337 households. The total agricultural 

land area in Nong Ben village is around 806 ha.

site was selected because previous study of wild products sold in Bang-Lam-Phu market in 

Khon Kaen Municipality revealed that Nong Ben villagers collected many wild products that 

This study is mainly based on primary data collected from the selected village. At the 

beginning of the study, a group interview was conducted with twenty villagers in order to gain 

a preliminary understanding of the village, including its history, the annual cycle of agricultural 

activities, and the diversity of wild products collected by villagers. In the next stage, all the 

household heads were interviewed using standardised questionnaires in order to classify their 

involvement in the collection of wild products.
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After the survey with all the village households (337 households), the information was 

used to classify the households in different typologies and then select two sets of households 

then divided into households collecting wild products and households not collecting wild 

products. The wild-products were further categorised into domesticated wild products and non-

domesticated wild products, each of which category was further divided into large, medium and 

small farmers. Following this detailed typology, one set of 10 households with only rain-fed 

Table 5.3 Selected sample households covering the different typology of households

Land holding 

category (ha)

Domesticated wild products Non-domesticated wild products

Total HH Sample HH Total HH Sample HH

Rain-fed paddy households

Large (>1.6) 4 2 2 1

Medium (0.8-1.6) 5 2 5 2

Small (<0.8) 5 2 3 1

Sub-total 14 6 10 4

Irrigated paddy households

Large (>1.6) 15 2 13 2

Medium (0.8-1.6) 26 2 35 3

Small (<0.8) 19 2 39 3

Sub-total 60 6 87 8

Each household from the sample was interviewed in each of the three seasons (cool dry, 

hot dry and rainy season) to identify all of the useful species of plants and animals that they 

were assigned a shadow value based on the estimate of their cash value. The data collected 

for selected periods (14 days in each) in all the seasons were combined to represent the total 

economic value for a year.

- Wild species from different habitats in the village agro-ecosystem

surrounding areas over the period of one year, of which 38 were plants, 4 were fungi, and 54 

were animals. Among the animal species were: 2 species of amphibian (frog, toad), 8 species of 

insect, 2 species of mammal, 2 mollusc species, and 3 reptile species (Table 5.4).
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The availability of wild product species varied according to the seasons of the year. The 

climate in Northeastern Thailand is usually divided into three seasons: the hot dry season 

(March-May), the rainy season (June-October) and the cool dry season (November-February). 

The cool dry season is often marked by a sharp drop in temperature. In this season, water 

while the water level in aquatic ecosystems such as ponds, canals and river, drops sharply. The 

wild species are the scarcest during the hot dry season and only few can be found in dry paddy 

Table 5.4 Seasonal availability of wild species collected in Nong Ben village in Northeastern 
Thailand in 2006

Collected species Hot Dry Rainy Cool Dry Total Only Hot 

Dry

Only

Rainy

Only Cool 

Dry

All

Seasons

Plant 20 30 17 38 5 10 3 9

Fungi 4 1 0 4 3 0 0 0

Animal 38 39 27 54 8 8 5 17

Amphibian 2 2 1 2 0 0 0 1

Bird 4 4 6 8 1 0 3 2

Crustacean 2 2 2 2 0 0 0 2

Fish 11 15 11 19 2 5 1 7

Insect 12 13 5 16 2 3 1 4

Mammal 2 0 1 2 1 0 0 0

Mollusc 2 1 1 2 1 0 0 1

Reptile 3 2 0 3 1 0 0 0

62 70 44 96 16 18 8 26

The results showed that the diversity of species was the highest in the rainy season, during 

which 70 species were recorded, compared to 62 species in the hot dry season and only 44 

during the cool dry season. Plant species were much more diverse in the rainy season than in the 

hot dry and cool dry seasons. Animal species were the least available in the cool dry season and 

were available only in the rainy season, 24% were found only in the hot dry season, and 12% 

only in the cool dry season. About 38% of the species were available in all three seasons.

- Wild products and their economic value

The average number of species of wild products collected by households with rain-fed and 
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Table 5.5 Comparison of the average number of species of wild products collected by households 

Collected species Households with 

(10HH)

Households with

(14HH)

Collected by 

households with only 

(10HH)

Collected by 

households with only 

(14HH)

Plant 2.5 2.4 0.5 0.9

Fungi 0.1 0.3 0 0.2

Animal 4.2 3.5 0.5 0.9

Amphibian 0.2 0.1 0 0

Bird 0.6 0.4 0.2 0.1

Crustacean 0.2 0.1 0 0

Fish 1.4 1.2 0.2 0.4

Insect 1.2 1.1 0.1 0.3

Mammal 0.1 0.1 0 0.1

Mollusc 0.2 0.1 0 0

Reptile 0.3 0.2 0 0

Total 6.8 6.1 1 2

Table 5.6 presents information on the economic value of all wild products that are collected 

by Nong Ben villagers, including both cash and shadow values. The estimated average annual 

economic value per household of wild products was 14,841 Baht (US$424.01). The value of 

wild products was the highest in the rainy season followed by the cool dry season and the hot 

dry season.

Table 5.6

Seasons Households with rain-fed Households with irrigated Average of all households

Hot Dry Season 1,809 ($51.69) 1,608 ($45.94) 1,709 ($48.81)

Rainy Season 6,837 ($195.34) 7,473 ($213.51) 7,155 ($204.43)

Cool Dry Season 8,757 ($250.20) 3,197 ($91.34) 5,977 ($170.77)

Whole year 17,403 ($497.23) 12,278 ($350.80) 14,841 ($424.01)

Note:

the different seasonal agricultural activity patterns of the two types of households. In the cool 

growing two rice crops per year.
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- Contribution to the conservation of biodiversity

The wild species are collected from several different habitats in the rural agro-ecosystems of 

species), while the smallest number of species were found in ponds (16 species) and backyard 

gardens (11 species) (see Figure 5.2).

Figure 5.2 Number of wild species collected from different habitats

more stable environment and are more disposed to act as habitats for the wild species.

- Conclusion

valuable wild products that are of great economic value to the farm households. These wild 

species make important contributions to the food supply of rural households, especially as a 

source of nutritionally valuable vegetables and proteins. They are also an important source of 

in cropping patterns, conversion to other land uses, or abandonment, can be expected to have 

important consequences on the rural biodiversity of Northeastern Thailand.
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5.3 Farm household income and multifunctional roles in other 

socioeconomic aspects

Rice cultivation plays a key role in the household income of villagers in Northeastern Thailand. 

However, growing rice is considered a risky activity, because of many uncertainties that affect 

farmers only have limited control. On top of that, farmers generally consider only the direct 

income generated by rice grain production and tend not to understand well other secondary 

roles, like employment generation.

Study Sites

Field research for this sub-project was carried out in Dong Yen village in Khon Kaen province. 

the villagers engage in many different kinds of livelihood activities. Dong Yen village is one 

of the 17 villages of Bua Yai sub-district in Khon Kaen Province (see Figure 3.2). Dong Yen 

village has a total population of 393 people, of which 199 are males and 194 females. There 

are 65 households. The total area of agricultural land in Dong Yen village covers 320 ha. The 

total area of paddy land in Dong Yen is 112 ha. The village is on undulating terrains, typical in 

cassava and sugarcane are grown on drylands in the uplands, and forest areas occupy hilltops 

and other marginal areas. The main occupation of households in Dong Yen village is farming. 

beans. Cassava and sugarcane are grown as cash crops. Some households with rain-fed paddy 

is well endowed with water resources, having both surface and groundwater irrigation facilities.

type of livestock and diversity of livelihood activities were collected from every household in 

were selected as samples for a thorough study. After that, the detailed record keeping of the 

related information on household income was done with the sample of rice-growing households. 

In addition basic information on the village agro-ecosystem was collected using participatory 

methods employing the Rapid Results Approach (RRA).
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- Number of livelihood activities engaged in by households

of livelihood activities (on average 6.9 activities in the rainy season and 5.8 in the dry season) 

in the dry season). The detail is presented in Table 5.7. The difference between the two sample 

trend.

Table 5.7 Number of livelihood activities engaged in by households with irrigated or rain-fed paddy 

Number of livelihood 

activities engaged in by 

households

(n=10) (n=10)

Rainy season Dry season Rainy season Dry season

3 0 0 1 1

4 1 1 2 3

5 2 4 0 3

6 1 2 2 1

7 3 2 2 1

8 1 1 1 0

9 0 0 1 1

10 2 0 0 0

11 0 0 1 0

Mean no. of activities 6.9 5.8 6.5 5.1

Median no. of activities 6.5 5.5 6.0 5.0

Source: Household Survey, 2006

in 7 or more activities in the rainy season whereas a majority of the households with rain-fed 

majority of farmers were engaged in 6 or less activities in both types of household.
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Figure 5.3 Comparison of the no. of livelihood activities engaged in by irrigated and rain-fed 

households in Dong Yen village in 2006 in (a) the rainy season, and (b) the dry season

The results showed that the number of livelihood activities engaged in by households 

seasons than households holding less land. This is more evident with the scatter plot diagrams 

between the size of land holding and the number of activities engaged in by households in rainy 

(P < 0.01)).
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Figure 5.4 Scatter plots showing the relationship between the size of land holding and the number of 

livelihood activities in (a) the rainy season and in (b) the dry season

generating activities engaged in by households with comparable land holding size, regardless of 

- Share of different sources in the household income

Paddy was the most important source of income for both types of households in the dry season. 

The%age of total household income that both types of household generated from different 

sources in the rainy and dry seasons is presented in Table 5.8. Most of the income obtained from   
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of their rice stocks in the dry season. Rain-fed households made more than 25% of their total 

income in both seasons from non-farm sources, including work at home (making handicrafts), 

a considerably larger share of their total income from on-farm sources due to the stability of 

production of irrigated systems.

Table 5.8 Percentages of total household income obtained from different sources by households with 

Sources of income

(n =10) (n =10)

Rainy season Dry season Rainy season Dry season

9.0 49.0 11.0 39.0

24.0 9.0 26.0 14.0

Gardens 18.0 11.0 15.0 12.0

Forest 22.0 8.0 16.0 3.0

Ponds 10.0 4.0 5.0 5.0

Home 7.0 8.0 12.0 9.0

Off-farm 10.0 11.0 15.0 18.0

- Comparison of the relative importance of different sources of household income

The contribution of the different income-generating activities to the total household incomes 

greater share of their total income from agricultural activities than households with rain-fed 

farm and off-farm activities.

Table 5.9 Percentages of total household income obtained from different activities

Type of activity Households with irrigated paddy Households with rain-fed paddy 

Rainy season Dry season Rainy season Dry season

Agriculture 56.0 66.0 49.0 56.0

Collection of wild products 18.0 12.0 20.0 4.0

Handicrafts 4.0 2.0 6.0 16.0

Non-farm labour 7.0 7.0 8.0 15.0

Commercial 15.0 13.0 17.0 9.0
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- Share of time spent for different income sources

The%ages of time dedicated by the households to each income source are presented in Table 

5.10. In the rainy season, there were only a few differences in the allocation of labour time 

to different sources of income by both types of household. Both types of household spent 

including off-farm work.

Table 5.10 Percentages of time spent by households for each income source

Sources of income Households with irrigated paddy Households with rainfed paddy 

Rainy season Dry season Rainy season Dry season

53.0 42.0 48.0 3.0

23.0 15.0 26.0 38.0

Gardens 8.0 10.0 9.0 17.0

Forest 5.0 8.0 3.0 5.0

Ponds 3.0 7.0 2.0 9.0

Home 2.0 11.0 5.0 13.0

Off-farm 6.0 7.0 7.0 15.0

- Conclusion

of households in a village in Northeastern Thailand. On average, households with irrigated 

The paddy cultivation was the most important source of income for both types of household in 

the dry season. Though there was not much difference in allocated labour for different income 

that paddy cultivation gives rural people the opportunity to be self-employed. Irrigated paddy 

reducing livelihood insecurity.
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6. Irrigation water use estimation in the LMB

6.1 Irrigation water use database

Three types of database were developed to estimate the irrigation water use in the LMB, 

namely: Irrigation Scheme Database (ISD), Irrigation Water Use Key Database (referred to as 

‘key database’) and Irrigation Water Use Supporting Database (also referred to as ‘supporting 

database’).

The ISD was designed to record locations of irrigation systems, headworks and command 

areas. It can be linked to irrigation projects by project code. The ISD was developed in 2000/01 

and has been updated with some information from 2004.

The Irrigation Water Use Database, or key database, is a spatial model in GIS format that can 

be easily applied to a wide number of applications depending on the requirements of the user. 

The key database is designed to complement the ISD and has a compatible referencing system 

that allows the two databases to be easily linked. The Irrigation Water Use Supporting Database, 

or supporting database, was developed to estimate the irrigation water use and includes a 

number of supporting databases from which the key water use data is derived. The supporting 

It includes crop schedules, monthly irrigation schedule data and so on. The latter two databases 

needs to estimate the irrigation water use.

6.2 Estimated net water use in the LMB

The analysis of the updated database has produced various outputs. The monthly and annual 

annual net water use in the MRC’s Member Countries . The monthly details are presented in 

Appendix 1.
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Table 6.1

Country Annual net water use (million m3)

Cambodia 2,749

Lao PDR 2,957

Thailand 9,352

Viet Nam 26,776

41,834

Of the total net water use, it is estimated that 78% (32,000 million m3) is used for rice 

production, 20% (8000 million m3 3) for crops other than 

6.3 Irrigation projects, area coverage and irrigation requirements in the 

LMB

A series of summary maps namely: irrigation projects, irrigation areas, irrigation headworks, 

irrigation reservoirs, total and net diversion water use requirement of each irrigation scheme, 

irrigation requirement, and others were produced.

The number of irrigation projects and their distribution are shown in Figure 6.1. The density 

of irrigation projects in Thailand is much higher than in other countries, Cambodia for instance, 

while the number of irrigation projects in the Vietnamese part of the Mekong Delta was spread 

out all over the Delta. Similarly, Figure 6.2 shows the distribution of irrigation projects by size, 

and shows that the projects in the Vietnamese part of the Mekong Delta are relatively larger 

compared to other areas in the LMB. This obviously resulted into higher areas coverage under 

irrigation in the Mekong Delta region (Figure 6.3).
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Irrigation water use estimation in the LMB

Figure 6.1 Irrigation Projects in the Lower Mekong Basin (distribution by number)
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Figure 6.2 Irrigation Projects in the Lower Mekong Basin (distribution by size)
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Irrigation water use estimation in the LMB

Figure 6.3 Irrigation area coverage in different parts of the Lower Mekong Basin
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demonstrate that irrigation requirement in the LMB is the lowest in September and increases 

from October, December to its highest value in March.

The output of selected maps such as: irrigation projects, diversion water-use, trends of 

irrigation requirements might be useful for planning the management of irrigation or take 

decisions related to water requirement in preliminary stages, not only for agriculture but also for 

water supply for other industries in MRC’s Member Countries .

6.4 Other efforts within MRC on ISD update

The Irrigation Scheme Database is being updated under other programmes within MRC. The 

MRC’s Basin Development Plan Phase 2 (BDP2) has implementing the irrigation sector review 

in 2008 and 2009, which included the update of the irrigation database. The BDP is designed 

to provide an integrated basin perspective through the participatory development of a rolling 

Integrated Water Resources Management (IWRM) based Basin Development Plan.

Under the BDP2, it has been proposed to update the inventory of existing, planned and 

potential irrigation projects; and ranking of the projects. These data and information are used in 

BDP scenario analysis to assess the hydrological, social and economic impacts of water resource 

development.

It also included developing an outline institutional framework for irrigation development 

including support measures to ensure the viability and sustainability of investments, and a 

portfolio of viable irrigation development projects as well as non-structural support initiatives.
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7. Towards a better methodology for effective and 

7.1 Multi-functionality, water use and its importance in the context of 

climate change

Paddy cultivation generates opportunities for people who are not directly involved in farming. 

backward and forward linkages in the overall economy and thus provides strong incentives for 

paddy cultivation in irrigated systems.

Similarly, the various opportunities created by the changing economic context may 

encourage many to continue agriculture as part-time farmers especially in peri-urban areas. It 

will create various off-farm and non-farm opportunities. In such a context, farmers may still 

continue to cultivate paddy, but as a minor livelihood option.

However, the export oriented intensive rice cultivation has caused some problems such as 

of pesticides. Similarly, in the climate change scenario, long dry spells may affect most of the 

functions in different ways:

reduction in species abundance,

further soil problems, such as compaction and salinisation,

low productivity/production of paddy and thus decrease in household income.

However, farmers have also developed adaptation strategies in order to minimise the effect 

of climate change, including on multi-functionality, such as:

adjusting the transplantation time by either delaying or pre-poning by one week or ten 

days,

developing effective mechanisms for water storage and rain water harvest,

choosing varieties robust to delay or unaffected by heavy rainfall patterns.
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7.2 Policy options

externalities while downplaying negative externalities (Abler, 2001). Failure to consider both 

positive and negative external effects can lead to erroneous policy conclusions. Policies adopted 

to promote public goods could worsen, or at least fail to improve, negative externalities.

Policies for enhancing positive externalities: such as subsidies, eco-labeling of organic 

Reducing negative externalities, the Polluter Pays Principal (PPP) and taxing and 

discouraging water and land polluting practices are initial steps that can be integrated in 

Nonpoint Source Pollution (NPS) issues. Similarly, incentive mechanisms for farmers to create 

rule based institutions (for instance, a water users’ association with a legal status) may be crucial 

in case of both positive and negative externalities.

The socioeconomic contribution is often not considered as a multifunctional role. But future 

research could also focus on the importance of the socioeconomic multi-functionality, especially 

for the off-farm and non-farm opportunities created by paddy cultivation. The backward 

and forward linkages of paddy cultivation in the overall economy could be considered as an 

important multifunctional role and deserves more investigation.

Finally, the irrigation database developed under the Water Use Assessment can be applied to 

assess a wide number of issues relating to irrigation water use. However, the results should be 

interpreted with caution due to the many limitations in the original data.
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Appendix 1

Table A1 Total Estimated Net Water Use in the LMB region

Month Total Net Annual Irrigation Water Use (million m3)

Cambodia Laos Thailand Viet Nam 

Delta

Viet Nam 

Highland

Total LMB

January 365 488 654 4,273 100 5,881

February 408 393 685 3,884 84 5,454

March 413 360 536 3,319 38 4,665

April 274 164 202 3,911 3 4,554

May 57 55 681 2,286 - 3,079

June 198 17 584 1,248 38 2,086

July 186 263 1,003 1,405 24 2,882

Aug 129 9 957 753 12 1,861

Sept 81 94 959 665 20 1,819

October 95 303 1,511 477 34 2,420

November 199 284 1,085 887 50 2,504

December 343 528 494 3,183 82 4,630

Total for Year 2749 2,957 9,352 26,291 485 41,835
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Appendix 2. Monthly changes of the rice planted area in 

the LMB region
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Appendix 3. Total diversion water use in the LMB region 

during the month of February
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Appendix 4. Total diversion water use in the LMB region 

during the month of October
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Appendix 5. Net diversion water use in the LMB region 

during the month of February
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Appendix 6. Net diversion water use in the LMB region 

during the month of October
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Appendix 7. Irrigation requirement (Eto-Effective rainfall)

in the LMB region during the month of February
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Appendix 8. Irrigation requirement (Eto-Effective rainfall) 

in the LMB region during the month of October
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