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EXECUTIVE SUMMARY
The cultivation of fish and aquatic food in cities within Southeast Asian countries such as Cambodia, Vietnam, Thailand and some others, provides food, income and employment, particularly to lower income urban households. Phnom Penh, the capital city of Cambodia with a surface area of 375 km² is surrounded by wetland of which as 80% is accounted by a natural lake and low plain agriculture. Every day, about 55,600 m3 of urban household wastewater and nearly 1 million m3 of storm water are discharged into these wetlands. With this volume of waste water, numerous plots located within and around the wetlands in peri-urban Phnom Penh, are important sources of edible aquatic vegetables and fish farming to supply the city’s food demand as well as other areas of Cambodia. The EU-funded PAPUSSA project is a collaborative research project of European organizations and Asian partners in Hanoi and Ho Chi Minh City in Vietnam, Phnom Penh in Cambodia and Bangkok in Thailand. Within this project a comprehensive Household Baseline and Monitoring survey was designed and carried out for the better understanding the production and livelihood systems of the households involved in growing fish and aquatic plants in and around Phnom Penh and their seasonality effects incurred by the variation in environmental and social climate throughout the year.
The baseline and monitoring survey was carried out from May to February 2005 with 200 households selected from five villages located in the  peri urban area of Phnom Penh. The Baseline questionnaires focused on the livelihood framework and production system covering information on households, migration issues, land tenure and land use issue, institutional issue, production system status, health issues, and  future perceptions. The monitoring questionnaires was intended to observe the seasonality in production system as a number of seasonal aspects were designed to monitor on household activity,  land use aspect, aquatic production system, labour in production systems, household food consumption and marketing, Institutions, health and well-being.
Throughout this survey, the results have indicated a huge demand for aquatic vegetables and fish in Phnom Penh, especially water spinach, which is virtually all produced in peri-urban areas often using wastewater as its main nutrient input. Not only making incomes to support as most likely the urban poor, the aquatic product itself  is a nutritious, low-cost crop that contributes very significantly to the food security of Phnom Penh’s population. Results from the various studies within the project indicate that the aquatic vegetables grown in Beung Cheung Ek Lake play an important function in treating the city’s sewage and removing and recovering nutrients before it flows into the nearby Mekong River which also provides indications of the capacity of these systems for cost-effective wastewater treatment. Although a clear benefit has been seen from the study, this is often associated with its many constraints which lead to uncertainty of future development of peri-urban aquaculture in Phnom Penh. Although the results  of another health related study indicates that the products (Aquatic plants and fish) produced from such waste water are safe for consumption in terms of specific heavy metals and biological pathogens, yet the survey indicated a most common occupational health risk as skin problems amongst water spinach farmers working in the wastewater-fed Beung Cheung Ek Lake. The terms of access to land can also restrict the long-term sustainability of these systems. Fish farmers can obtain only one year basic leases for the ponds or wastewater-fed lakes they stock and harvest. Therefore these peri urban fish farmers have no long-term security of tenure and as a result are less likely to invest capital in developing or even maintaining their own systems. 

The results also discussed the future perspective of Phnom Penh aquatic food production in association with the municipality function and development plan. Whatever the municipality would decide for the Boeung Cheung Ek lake, the option should be given in a good respect to the considerable value of this cheap natural treatment, market supply, income of the people and other employment. For fish culture in the smaller Boeung Kok lake, it is not clear whether the city planners would decide to fill up the lake for residential construction or convert this lake to become a city park, however both these plans will force the fish culture in the lake to end when the lake project starts. This would bring those fish farmers to an extending aquaculture area on the city outskirts while they are now competing for the available land area when the land price is increasing, however some of them may look for new occupations if they can retain themselves in urban areas. Developed roads and security of farms from stealing fish is a great benefit that can be seen by the urban farmers, yet the concern of available source of water and feeding are limited to expansion of fish culture in those peri-urban areas. The same case is happening to pond fish culture in Chraing Chamres and Duong villages. Fish farmers are expanding their ponds towards the natural lake where the government want to leave this natural lake playing the role as water source for rice farmers in the lower land areas. However the potential of development of this aquaculture using urban waste water will depend on the city planners for their strategies to bring this waste water to peri-urban areas which give the farmers a huge amount of water resources and available nutrients for both aquatic plant and fish culture. 

The survey could be concluded to provide a holistic overview of the Aquatic food production systems (AFPS) in peri-urban  Phnom Penh. It is anticipated that the above result and discussion will give very useful information to policy makers that need to consider the role of urban aquaculture as part of their policy and planning decisions especially the concern of urban developments relating to aquatic food production in the future. Moreover this information also focuses to address the wide ranging audiences who are direct or indirect stakeholders in urban aquaculture both locally and internationally. Based on the objective of the overview, general information of households involved in AFPS, Production system status, institutions and policy regarding AFPS and as well as the discussion on the perception and perspective of the future of APFS in Phnom Penh city are all provided in the survey report.

CHAPTER 1

INTRODUCTION
1.1 BACKGROUND

Peri-urban aquatic food production systems or peri urban aquaculture appears to develop as the physical landscape changes resulting in water space in or within the city as people take advantage of places for growing fish and aquatic plants or sometimes the activities become strategic as close to the city’s need of nutrients, availabilities of markets, information or a combination of these factors (Little and Bunting, 2005).

Urban aquaculture has numerous roles in peri-urban areas, and brings benefits in many ways, partly related to the scale of production systems ranging from small, household level operations, through informal exploitation of community water bodies for subsistence needs or commercial ventures which employ a significant number of people (Little and Bunting, 2005). Particularly urban households comprising of poorer people are likely to be involved in aquaculture as a part-time activity within a complex portfolio of livelihood options in order to lessen their livelihood risks and vulnerability (Moser, 1998). 

The cultivation of fish and aquatic vegetables in cities within Southeast Asian countries such as Cambodia, Vietnam, Thailand and some others, provides food, income and employment, particularly to lower income urban households (www.papussa.org ). These benefits aren’t just limited to those who actually farm the fish and aquatic vegetables but radiate out to a network of other individuals who are involved in the marketing chain, including those who process, transport and then market the products. This chain generates income and employment at as many as six levels between the farmer and the consumer. Also, as these aquatic production systems become more intensive they utilize more inputs, e.g. brewery and chicken-farming wastes, thus adding value to, and at the same time creating market demand and generating income for such waste products (Leschen, 2005).

Phnom Penh, the capital city of Cambodia with a surface area of 375 km² located on the left bank of the Mekong River is home to about 1.3 million inhabitants. The landscape of the city is surrounded by wetland of which as 80% is accounted by a natural lake and low plain agriculture (Phnom Penh Master Plan, 2005). Every day, about 55,600 m3 of urban household wastewater and nearly 1 million m3 of storm water are discharged into these wetlands, (Muong, 2004). With this volume of waste water, numerous plots located within and around the wetlands in peri-urban Phnom Penh, are important sources of edible aquatic vegetables and fish farming to supply the city’s food demand as well as other areas of Cambodia (Khov et al, 2005).
An initial appraisal of the value and impact of these systems was carried out in 2003 as part of the EU funded Papussa project in order to understand their sustainability within the overall future development of the city. From the study it was found that aquatic vegetables/plants
 are now intensively cultivated throughout the year in the large waste water fed lake (Boeung Cheung Ek - 3400 Hectares) where wastewater provides most of the nutrients for growing the plants. In another smaller wastewater lake (estimated at 100 hectares) close to the city centre (Boeung Kok), fish culture with commonly Pangasius species is operated in  pens/net enclosures on the fringes of the lake utilizing additional feeding  provided from canteen and restaurant wastes. The same fish species are also raised in ponds and cages in a more peri-urban community (Prek Phnov) about 10 km to the north of the city close to the supplies of trash fish from the Great Lake, which are used as a seasonal inputs for fish production (RUA/UOS, PCA, 2003). 

The same study indicated a number of seasonal health-related impacts of urban aquaculture particularly for aquatic plant growers with the communities especially affecting the poorer sections. These include diarrhea and skin infections due to contaminated waste water. From the market study within the project, food products from urban or peri-urban aquaculture produced in waste water are perceived in different ways in terms of food consumption both by producers, market sellers and consumers (RUA/UOS, MA, 2003).
As the city’s population is rapidly increasing and there is a trend for the urban areas for improved economic activities and to receive urban services, the urban expansion becomes likely to increase with time. The future of peri-urban aquaculture in Phnom Penh is still uncertain due to many factors including deteriorating water quality in the lake caused by pollution growth in the city, removal of the urban farmers due to their illegal settlement on land which could in the future be developed into industrial or residential areas, or perhaps providing them the support for intensification of their production and mitigation of health risks associated with their location and occupation in waste water, while also modifying their production in order to sell an attractive product to the consumer which is healthy to eat (Khov et all, 2005). Indeed a comprehensive study of this complex production system is really needed to firstly inform and provide necessary information for the decision making process to ensure sustainability of development related to these peri-urban production systems (Little, 2005)
The EU-funded PAPUSSA (Production in Aquatic Peri-urban Systems in SE Asia) project (www.papussa.org ) is a collaborative research project of European organizations and Asian partners in Hanoi and Ho Chi Minh City in Vietnam, Phnom Penh in Cambodia and Bangkok in Thailand, with the overall objective of providing a detailed, holistic situation analysis of peri-urban aquatic food production in these four cities. It uses a cross-disciplinary research approach, involving a range of partners from aquaculture systems, social sciences and health-related backgrounds. Within this project a comprehensive Household Baseline and Monitoring survey was designed and carried out for the better understanding of the production and livelihood systems of the households involved in production and their seasonality effects incurred by the variation in environmental and social climate throughout the year.

1.2 OBJECTIVES
The overall object of the survey is to produce an in detail holistic overview of households involved in Aquatic Food Production Systems (AFPS) in Phnom Penh.
The specific objectives are:

· To understand the different aspects of the livelihoods of these AFPS households in terms of their production systems, socio-economic backgrounds, markets and institutional factors as well as their dynamics and perceptions of change.

· To study seasonal variations in these livelihood over an annual period.


CHAPTER 2

SURVEY DESIGN AND METHODOLOGY

In the first year of the Papussa project (2003), Participatory Community Appraisal (PCA) was carried out by the project team to get a broad understanding on the production systems and livelihoods of those involved in peri-urban aquatic production in Phnom Penh city. The participation assessment was followed by institutional and market assessment as well. By the end of 2003 a SOS (State of the System) meeting was conducted at the Royal University of Agriculture (RUA) which brought together a number of relevant stakeholders to discuss in more detail issues of Peri-urban aquatic production and together verify the findings from the previous outputs of the project. It was decided that a Baseline and Monitoring survey would focus on the livelihood framework and production systems of peri-urban aquatic food production needed to be carried out in order to get better understanding of the complex situation which could come up with possible recommendations and interventions to tackle the issue and on the other hand improve the livelihoods of poor urban farmers. 

This initial step of the project was followed by the whole process of baseline and monitoring survey which will be described as follows:

2.1. COMMUNITIES AND HOUSEHOLD SELECTION 

During the PCA’s in the early phase, 4 villages around the city were selected as they were involved in production of aquatic food. These included 2 villages in Beung Cheung Ek (BCE) area (Kbal Tumnub and Thnout Chrum) located about 5 km to the northern part of Phnom Penh  where water spinach (commonly known as morning glory) is produced in the waste water fed BCE lake, a village (Muoy village) in Beung Kok area near to city centre producing fish in pens on the fringes of a smaller waste water fed lake, and Chraing Chamres and Duong villages, another 2 villages located about 8 and 10 Km  south of the city producing fish in ponds where some ponds in Chraing Chamres receive waste water from the city and river canal. Sources of water for fish ponds in Duong village come from nearby Tonle Sap River and lake.

73 Households were selected from Kbal Tumnub, 60 from Thnout Chrum for water spinach producers, 14 from Muoy for fish producers in waste water, 25 from Chraing Chamres for fish in both waste and non wastewater and 28 from Duong village for fish in non waste water. There was not a clear pattern of household selection as this was done randomly and depending on the availability of households who were met during selection.
(See the detail of community profile in general survey information in the next chapter). 

It should be noted within the sampling framework, the household selection was targeted to only those who were involved in Aquatic Food Production Systems (AFPS) as one of their main income earning activities, therefore non-AFPS were not chosen. It is therefore, not possible to make any comparisons between AFPS and non-AFPS households within the same communities. Possible comparison can be made however sourcing and using secondary data which is available from national and regional statistics.

Table 2.1: Communities and Households for Survey

	Village
	Main Aquatic Production System (AFPS)
	Water for AFPS
	Distance from the City (Km)
	Nos of selected HHs 

	Kbal Tumnob
	Aquatic Plant (Water Spinach)
	Waste Water
	5
	73

	Tnout Chrum
	Aquatic Plant (Water Spinach)
	Waste Water
	5
	60

	Muoy
	Fish (Pangasius)
	Waste Water
	 Centre (1km)
	14

	Chraing Chamresh
	Fish (Pangasius and Clarias)
	Waste Water and Non-waste water
	9
	25

	Duong 
	Fish (Pangasius and Clarias)
	Non-Waste Water
	10
	28


AFPS: Aquatic Food Production System
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Figure 2.1: Maps of the study area

2.2.  DATA COLLECTION 
The data collection was carried out for three month periods starting from January 2004 to February 2005. They were divided into two sources described as Secondary source and Primary source.

2.2.1. Secondary Source
Prevailing relevant secondary data and information from various official sources were collected. Those data sources are: PCA, SOS reports, Maps, Arial Photo, Municipality plans and guidelines, National and regional statistics, Publications, Articles, Websites, etc

2.2.2. Primary Source 

Primary data was collected from field survey using both methods of formal and informal interviews with households and key informants through the checklists and structured questionnaires. Informal group discussions with different key informants as well as observation and field visits were conducted during the PCA’s which were already completed before the survey.
· Formulation of Questionnaire and Initial database

Initially, the questionnaires for the Baseline and Monitoring Survey were formulated through a workshop in Bangkok in February 2004 in which all partners from the different Papussa cities and the project partners as illustrated through the flow diagram of the methodology in Figure 2.5.  The questionnaires were built based on a combination of different contexts of production systems in different cities. The workshop also agreed on a standardized format of the questionnaire for those cities which later allowed us to have one incorporated database amongst all Papussa cities. The Baseline questionnaires focused on the livelihood framework and production system and are divided into 11 sections:
1. Household information

2. Migration issue

3. Institutional issue

4. Housing and Infrastructure issue

5. Land tenure and land use  issue

6. Water source and consumption issue

7. Economic issue

8. Credit 
9. Production system status
10. Health and consumption issues
11. The future perceptions

The Monitoring Questionnaires was intended to observe the seasonality in production system as a number of seasonal aspects were designed:

1. Household activity 

2. Land monitoring

3. Aquatic production system (different section for fish and plant)

4. Labours used in production system

5. Household food consumption and Marketing

6. Institutional monitoring

7. Health and Well-being monitoring

(See Appendix3 for details of the Household Baseline and Monitoring questionnaires)

An initial database was built up in Microsoft Access and brought in to discussion in the meeting during the workshop in Bangkok. Each partner brought back country-wise database for a preliminary trial of data entry.
· Translation and Piloting of Questionnaires

The draft questionnaires of Baseline and Monitoring were prepared following the workshop in Bangkok amongst all partners and coordinators and this then was translated into native language (Khmer) to make it easier for the field interviews. The questionnaires were piloted under observation and supervision from the technical partner (AIT) as difficulties and associated comments were sent to AIT and University of Stirling, in order that further necessary modifications could be carried out. The questionnaires were later finalized in local versions by the end of April.
Table 2.2 Number of Households and villages piloted the BL and Mon questionnaire

	Village
	Production System
	Nos HHs in Piloted interviews

	Thnout Chrum
	Water spinach (morning glory) in waste water
	10 for BL and 10 for Mon

	Duong
	Pangasius in non waste water
	5 for BL and 5 for Mon

	Chraing Chamres
	Pangasius in waste water
	5 for BL and 5 for Mon


Note: BL: Baseline survey, Mon: Monitoring survey

· Baseline Survey           
The RUA team started the baseline survey in early May and finished in June 2004. 200 households as mentioned earlier with respective samples in each selected village were interviewed. They were in Boueng Cheng Ek area - Tnout Chrum and Kbal Tomnub village, in Boeung Kok (Muoy village), Chraing Chamres (Buon village), and Duong village in Prek Phnov.  
· Monitoring Survey
From our initial findings from  the PCA and SOS workshops, seasonal aspects of production were identified, however it was not clear  which livelihood components are associated with  seasonality resulting from variations of climate including temperature, rainfall, flooding level, and different social events, etc. The monitoring survey was designed to cover the year of production which covered the seasonal aspects of the production system, markets, and ecological environment. Based on the above seasonal factors, 3 monitoring surveys were carried out during different times of the year to cover each 3 month period, 1st monitoring covered from May –July 2004, 2nd monitoring from September – October 2004, 3rd monitoring from November – January 2005. The survey team experienced difficulties in flooding or heavy rainfall, which resulted in the schedules of each monitoring survey varying to some extent to a bit sooner or later. 

Figure 2.2: Time frame of monitoring survey incorporated with annual rainfall and temperature statistics for Phnom Penh.
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Figure 2.3 Water level of Tonle Sap River (Station of Phnom Penh)
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The household monitoring survey was carried out with the same 200 households who were chosen previously for the baseline survey. An incentive of monetary value of 1 USD was offered in a form of material gifts for practical daily use such as soap, T-shirt, etc. to the head of every interviewed household for their time given for the interview and appearance for the next monitoring survey.

Figure 2.4: Survey time line showing number of HHs interviewed by day/month
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Note: 

BL= Baseline Survey, Mon 1= 1st Monitoring,

Mon 2= 2nd Monitoring, Mon 3= 3rd Monitoring

Number of Star (*) indicates the number of households
· Survey Team 
Before the baseline and monitoring survey, the project team was set up with 4 members (2 males and 2 females) who are the staff of Royal University of Agriculture (RUA), Phnom Penh and engaged temporarily with the project. This team was the enumerator for the baseline and monitoring interview and as well data processing. Essential training sessions on data collection method were given to the team before going to the field for household interviews and they were observed, facilitated, often supervised by project coordinator team from University of Stirling, Durham University, and Asian Institute of Technology.

2.3.  QUESTIONNAIRE DATA PROCESSING 
2.3.1. Questionnaire Data coding and entry
The questionnaires responses collected from Baseline and Monitoring interviews were processed and coded.  A standardized Access Database was formulated to store all data collected. Technical assistance and training for data entry was given during the visit of technical consultants to Phnom Penh on 20th - 25th October. 

2.3.2. Questionnaire Data Cleaning

To ensure the database quality was ready for database analysis, many attempts of data cleaning were made. During data cleaning, the check up was made with coordination of technical consultants as some amendment was done through verification with hard copies of the questionnaires as well as going back to the field for any unusual or doubtful responses.

2.4. DATA ANALYSIS
2.4.1. Database analysis training workshop

A training workshop was held in Siem Reap, Cambodia from 04-08 July 2005 after all partners completed their baseline and monitoring data entry. Analyzing keys including research hypotheses and BL and Mon report guidelines were provided by coordinators and technical support from Stirling and Durham Universities.

2.4.2. Database Analysis and report writing 
The preliminary baseline database analysis was carried out after completion of the baseline data entry in order to present these initial findings to the Progress and Planning meeting of all partners in Penang, Malaysia in December 2004. Later after completion of baseline and all 3 monitoring interviews followed by data entry and cleaning, a comprehensive database analysis was carried out for report writing. 
The Queries form in Microsoft Access was used to export the data from database for easier descriptive analysis and producing tables, graphs or charts. Additional analytical tools in SPSS.12 were used for both descriptive statistical analysis and inferential statistical analysis. These included Chi-square- a non parametric test for statistical significance of association for bi-variate tabular analysis, the t-test to assess whether the means of two groups are statistically different from each other, ANOVA to test the difference of mean between two or more groups and Correlation Analysis to analyze the relationship between two variables (Kinnear and Gray, 2004).
2.5. LIMITS AND CONSTRAINTS IN METHODOLOGY
· Due to the sampling framework of the survey which focused only on selection of peri-urban communities and the households involved in AFPS, led to unequal number of households sampled in respect to the different production systems often resulting in a certain extent of comparison among details of the different production systems. 
· Initially, the survey interview was targeted at household heads as in the context of Cambodia they are the main decision maker and lead the main production and main income activities in the household. However, such people in peri-urban households are often very busy and have full working days involved in a number of income earning activities. Thus it was often not possible to always interview the household head which as a result meant that the data collected could be lacking in some areas. Related to this it was necessary in some of the communities interviewed to provide a “gift” or cash remuneration to each household in order for them to agree to participate which could at times lead to some tensions.
· Delays at the beginning of household surveys due to the prolonged time period it took to put together two comprehensive standardised household questionnaires (baseline and monitoring) with an ambition to ensure the application of those questionnaires to the context of different partner cities for comparison. This led to a shortening of survey time resulting in unequal distribution of household interviews in baseline and the 3 round monitoring survey which to some extent made comparisons of the data problematic such as weekly labour for production or food consumption, etc.

Figure 2.5: Flow diagram of survey methodology (see figure in the next page)

Note: 

- UoS: University of Stirling (United Kingdom)

- UoD: University of Durham (United Kingdom)
- RAI1: Research Institute for Aquaculture No. 1 (Vietnam)
- UAF: University of Agriculture and Forestry (Vietnam)
- RUA: Royal University of Agriculture (Cambodia)
- KU: Kasetsart University (Thailand)

- AIT: Asian Institute of Technology (Thailand)

- KVL: Royal Veterinary and Agricultural University (Denmark)
- NIHE: National Institute of Hygiene and Epidemiology (Vietnam)
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CHAPTER 3
PROFILE OF COMMUNITIES STUDIED

Before describing the findings from the household BL and Monitoring to give a background this section describes the key profiles of the peri-urban aquatic food production communities selected. . They are developed based on the findings from PCA reports which were completed in 2003, in the first year of the project.
3.1. KBAL TUMNOB AND THNOUT CHRUM VILLAGE

It is observed from the findings of PCAs that these two villages are located nearby and have the same characteristics in respects to location, available resources, social activities, occupations and almost the same problems encountered as well. Thus it is worth to combine their profiles together.

3.1.1. Physical Characteristics
Kbal Tumnob and Thnout Chrum villages are located in the Tom Pun quarter, Mean Chey district, which is on the dike (dam wall) and within Boeung Cheung Ek lake in the southern part of Phnom Penh  around 7 km from the centre of the city. Part of this lake was designated as the fishing lot No.18 before year 2000 but now has been used by the communities around the lakes. There are around 1000 households in each village.
(See the map in the Figure 2.2 Map of study area).

It was observed that previously this lake had plentiful natural aquatic resources available to local people thus in certain ways making people’s livelihoods at that time much better. After the mass killing regime between1975-79 people came to settle along the lake when fishing and cutting down inundated local forests increased concernedly. Presently natural aquatic resources in the Boeung Cheug Ek lake area are now very much reduced. People sell wild caught resources such as fish and aquatic plants to do business in the markets, but sometimes also for their own household consumption or sale to other people in the village. Besides the natural resources in the lake, villagers buy in or bring other food resources from outside sources as well.

Not markedly different from one to another part of the country, Cambodia’s season mainly divides into two:  dry season and rainy season, each approximately six months in duration. There is a cool wind during January to February. A slight rain, which is unexpected to come during dry season, come occasionally within March to May, then the rainy season begins in June/July and goes on until September.  There is then less rain   and a cool-wind from the north   from October to December. The temperature gradually increases from March and become highest in April or May.

[image: image3]
Photo 3.1: Carrying out the survey in a village in Beung Cheung Ek lake during non-flooding season

3.1.2. Social Characteristics
Many religious ceremonies and national festivals yearly take place very often during October to November followed by wedding ceremonies as culturally Khmer people choose the months during December to January for their weddings for the reason of comfortable and more tolerant weather (medium cold, and no rain). 
People in the village are susceptible to flu from November to January as they are the cold months. Children sometimes have dengue fever in September due to the abundance of mosquitoes as result of much rain. Skin itchiness usually is a daily problem for water spinach producers because of daily contact with the lake water; this is particularly prevalent in April and May during the dry season when the water levels of the lake are shallow and the waste water more concentrated.

3.1.3. Economic Characteristics


From the PCA in Kbal Tumnob village, wealth ranking in the village was divided into four categories: Well off (3.05%), the average (51.6%), poor (36.8%), and very poor (8.99%).

It was slightly different for Thnout Chrum village which had more well off households 19%, 30% in the average group, 34% in the poor group and 17% in the very poor group. 

The households in both villages earn more money between January to March because their water spinach products command a higher price whilst also during the same period the supply is less. Between March to June especially for the poor and very poor people they have low incomes as they get low output from their aquatic plant production as pests and disease on their crops increase and poorer water quality in the lake limits production. During December the villagers mentioned that very poor people struggle in obtaining or buying food because they get very low incomes due to a few months break from production as a result of high floods and some just start their production again. 

People in Kbal Tumnob consume many different kinds of foods. Water spinach, mimosa, lotus root, green vegetables, banana flower, fish, chicken, and duck are all produced from their own households throughout the year. Food they can still find from nature and the local environment include fish, small prawns, snail, eel, water hyacinth flower, crab, and snakes. 

3.1.4. Problems faced in the village
Because of the chemical waste discharges from nearby factories and the sewage wastewater from Phnom Penh city it appears that water quality in the lake is deteriorating rapidly. A plant disease locally known as “KRA SY” 
 occurs throughout the year. It is likely to affect most of the water spinach plants during the dry season. In order to protect from this disease the villagers routinely spray their water spinach with pesticide once a week. Another major problem that the farmers face is damage and destruction to their floating “rafts” of water spinach in the lake due to strong winds and storms during September to December.
Generally, villagers in Kbal Tumnob rank their main problems as “lack of capital for investment” which is the first major problem in the village, followed by “lack of home and bad home condition”. The people who recently migrated from the province don’t have their own house due to the high price of land, however, people who originate in the village have problem of bad house conditions as they find no improvement of their livelihoods so far.  The third problem is “Glue sniffers and theft” and then fourth human disease.
For villagers in Thnout Chrum, their first main problem is inability to support their children for going to school since living standards of 50% of the villagers are low. As a result some children in the village go to study with one of the NGOs – MARINOL or CARITAS.  Lack of capital and owing people money is also an important problem: People in the village haven’t enough money to do business, so they have to borrow money from the richer in the village or NGOs by paying interest. So it’s difficult for them to support every day living costs plus repaying the interest they owe. Their third and fourth ranked problems were Health problems (mainly the skin related) and limited markets to sell their products.

3.2. MUOY VILLAGE

3.2.1 Physical Characteristics

Muoy village is located about one km west from the centre of Phnom Penh, and has 186 families/households. (See the map in the Figure 2.2 Map of study area).

Nearly half of the people benefit from the Boeng Kok Lake through fishing, growing vegetables, and fish pen culture.  They construct their houses and fish pens on the fringes of the lake. Many kinds of fish feed are used e.g. rice bran, livestock and human waste, etc. Antibiotics are also mixed to the feed when their fish get diseases. The fishermen come to catch fish everyday from the lake. The other villagers come to find aquatic vegetables for the market or for the family use. In the past few years there was lotus-growing activity occurring in this lake. Nowadays this has declined because people couldn’t earn enough benefit from it. The villagers also collect the wild, natural resources from the lake such as fish, crabs, eels, snails, and many kinds of wild aquatic vegetables on the surface of water in order to supplement their needs. But they also put back many kinds of waste into the lake. 
Not different from other studied villages, Muoy village has the same climate as mentioned in Kbal Tumnob and Thnout Chrum. Moreover, the village is flooded almost every year in September, sometimes in October, November, or December. It is during this time of high water of the lake which causes many household members to spend more time on/in the water. 
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Photo 3.2: Pen culture under and at backyard of house in Boeung Kok lake
(Note pig cage over the pen)

3.2.2. Social and economics Characteristics 

The villagers have the same social events as other villages. However they mentioned the long holiday can not stop the villagers such as fish farmers, motor taxi drivers, vegetable sellers, and fishermen from their work since they have to earn money for their livelihoods. Talking about their short holidays like Dependence Day, Women’s Rights Day, they don’t care to get relaxation, rather still being involved with their daily activities to support their whole families. 
Health is very important to everyone in the community. The villagers are concerned about getting sick because they need to be involved in everyday income activities to support their life and their children for school. Villagers get fever or colds in the hot season and sometimes in rainy season. Some of them face skin itchiness, especially the women who are in regular contact with the lake water during collecting wild resources such as water spinach, hyacinth cutting and fishing for their income. Children sometime get dengue fever in the rainy season as result of abundant mosquitoes.

3.2.3. Economic characteristics 

In Muoy village, categories of wealth were divided during PCA: Rich (6%), Medium (74%), and Poor (20%).

In general, fish culture has been conducted in the lake in netted fish pens or enclosures near or under their houses. The fish that are popularly chosen to farm are Pangasius hypophthalmus and Pangasius lanaudiei because these species are in demand in the current urban markets. Other than fish farming, some villagers take advantage of the lake by cutting water hyacinth into strings, picking water spinach, water lily and Mimosa and catching fish daily from the lake. The villagers can earn the most money in the dry season between February - June.
The fishermen consume fish that they catch from the natural lake for the whole year. However, some families also bought fish from the market as well. A small amount of fish farmers use their own cultured fish, but some of them prefer to buy fish in the market. Other meats and vegetables are bought from the market for household consumption.

3.2.4. Problems faced in village

Fish farmers described fish diseases such as red spot, eye disease, and abdomen disease often occurring between August and December coinciding with the rainy season. 

The general problems in the village ranked during PCA were: (i) High price of electricity as many of them connect to the electricity served by the private company as the limited extension of public wire network, (ii) small roads and flooding in some months of the year, (iii) Lack of money to support children for school especially when their children enter higher classes which often force them to drop out of school.

3.3. DUONG VILLAGE

3.3.1. Physical Characteristics

Doung village is located in Prek Phnov Commune, Por Gneiloeu District, Kandal Province. Situated to the north of the city, the village is close to the Tonle Sap River where aquaculture production is dependent on river water. There are 451 families with 3 different ethnic groups in the village fairly equally distributed; Khmer (173 HHs), Muslims (177 HHs) and Vietnamese (101 HHs) (Source: Statistics in Duong Village) (See the map in the Figure 2.2 Map of study area).
There are two main fishing resources for the villagers.  The Somroung Lake located nearby, where villagers can go for fishing and collecting edible aquatic plants such as wild water spinach, lotus, etc. for selling in the markets and part of that for their daily consumption. Since the village is also located along the Tolé Sap river, there are abundant wild fish resources which can be caught by fishermen in the village of which the common species are Henicorhynchus caudimaculatus, Spot pangasius, Redtail catfish, Cirrhinus microlepis, Pangasius, Oxygaster anomalura. They can catch around 5-10 kg per day per  household for their own consumption and selling in the markets for daily income. The abundant trash fish collected from this river are also used for formulated feed for fish pond culture and cage culture in the village. The villagers who have fish ponds culture the Pangasius and Clarias catfish. Fish products are sold directly to the collectors or middlemen in Phnom Penh, Kompong Cham, Kompong Speu and other provinces.

The season and climate in the village are the same to other studied area. However, part of village suffers from flooding which normally occurs in July to September every year.
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Photo 3.3: Intensive pond fish culture in Duong Village
 (Note new built ponds with new dyke)
3.3.2. Social Characteristics

The villagers have the same social events as other villages. In terms of occupation, the males and females in the community have similar occupations such as fish culture, fishing, working in factories and construction and growing vegetables. Fish culture, factory work, and fishing are done throughout the whole year. Construction work is largely done during March to July while vegetable growing is done from April to July and from August to November. The females in the village take other jobs such as selling dry goods, fish, housekeeping, and fish feeding throughout the year.

3.3.3. Economic characteristics

Based on the PCA, the village had 4 wealth or socio-economic ranks: rich, average, poor and very poor. The relative distribution of wealth status in the village was as follows: 10% rich, 20% average, 50% poor, and 20 % very poor. This shows that more than half of the village belongs to the poor wealth status group. 

Income depends on the nature of their work. For example, if fishermen catch big amounts of fish during February-March and July-September, they earn more income than other months.

Fish is consumed throughout the year, which is either purchased in the market or caught from the wild. Dried and smoked fish, which are consumed year-round, and are both produced and bought. Rice is an important food item in the village, which is bought and eaten all the time. Other kinds of food such as pork, beef, and vegetables are frequently consumed throughout the year as some of those are bought from market and some are produced by their own.

3.3.4. Problems in village

For households involved in fish culture in the village, fish disease is their main concern.  When diseases strike in fish culture systems, treatment may be done but some farmers do not because they are short of techniques to identify different kinds of disease and also find it difficult to purchase the appropriate and effective medicines to treat them.

Other general problems for the villagers are ranked as theft, taxes on boats, lack of capital and the declining natural resources especially wild fish resources.

3.4. CHRAING CHAMRES VILLAGE

Chraing Chamres village is located in Reusey Keo district near Prek Phnov, about 9 km to the north of the city. There are 346 household in Buon (Chraing Chamres) village of which 22 have female head households. The population is 1925 of which male and female are equally shared. About half of them have concrete houses and the rest wooden houses with zinc roofs and slice tiles. Most of households connect to a piped water supply and electricity from the state enterprise just recently installed in 2003 and 2004.

Although the village is situated close to the river, some of the pond fish culture has been based on the urban waste water discharged from the city through the waste water canals and rain water. Many fish ponds are based on the water sources from the river brought through canals within the village. However water supply from the river is much dependent on the water barrage. The Pangasius catfish is the main species grown in the village while polyculture of tilapia, silver barb and carp is also practiced by a few of the households.
A considerable proportion of villagers are Cham ethnics for which their religion is Muslim. Fishing, selling fish and factory work are the important occupations for the household members to earn their living. 

The majority of land in the village was used for housing, and almost half of them have their homestead fish farm. There are still some paddy fields in and around the village, with the   head of the village relating to us that many have disappeared over recent years due to urban development and conversion to fish ponds. 

Located at the boundary of the village, there is a Fish Breeding Station operated under Department of Fisheries, where fish seed have been produced to supply the whole country, however fish seed supply in the village were reported as coming from the nearby village nursery ponds (in Prek Phnov) as the majority of those seed used in the ponds are collected wild from the Tonle Sap river. 
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Photo 3.4: Pond fish culture in Chraing Chamres village


CHAPTER 4

RESULTS AND DISCUSSION OF HOUSEHOLD BASELINE AND MONITORING SURVEY (MAY 2004 – FEB 2005)
4.1. HOUSEHOLD INFORMATION

4.1.1. General Household Characteristics

· Household (HH) Size
Household size in Cambodia reflects the socio-economic status of each production system, location or group of people as commonly the larger HH size (more than 8) are likely equated with poorer HHs. 

Table 4.1 HH size by size category and village

	Village 
	Production system
	1-3 persons
	4-7 persons
	8-10 persons
	11-14 persons

	Kbal Tumnub (n=73)
	Water spinach –wastewater
	19.2%
	38.4%
	41.1%
	1.4%

	Thnout Chrum (n=60)
	Water spinach- wastewater
	23.3%
	40.0%
	36.7%
	0.0%

	Muoy (n=14)
	Fish-wastewater
	7.1%
	92.9%
	0.0%
	0.0%

	Chraing Chamres (n=25)
	Fish-waste and non wastewater
	52.0%
	36.0%
	12.0%
	0.0%

	Duong (n=28)
	Fish- non wastewater
	25.0%
	53.6%
	21.4%
	0.0%


In Table 4.1, Kbal Tumnub and Thnout Chrum which are the communities growing water spinach, have more HHs with members from 8-10 persons while the majority of HHs in Muoy, Chraing Chamres and Duong villages (the fish producing communities) have HHs from 4 to 7 persons only.
In the study area, the general average HH size is 5.3. However, the HH size is likely to vary according to the production system and site. For HHs growing water spinach in Kbal Tumnob and Tnout Chrum villages,  their HH size ranged from 1 to 14 members with an average of 6.80 (SD2.84). The fish producers in waste water (Muoy village – closest to the centre of the city) had the smallest average HH size of 4. 63 (SD 1.07), however Pangasius and Clarias producers in non waste water had an average HH size of 4.92 and 4.8 respectively. The statistical test shows that there is significant difference of HH size of water spinach and fish farming communities but not different amongst water spinach and fish production itself while water spinach producers tend to have the biggest average HH size compared to other AFPS, and this is also higher than the national average HH size based on the Cambodian inter census population survey 2004 in which the average HH size throughout the country is 5.1 and in urban areas is 5.4 (CIPS, 2004) 

Table 4.2: Number of HH Membership by production system
	Production System
	Nos HHs surveyed
	Total HH members
	Min
	Max
	Average HH Size
	Standard Deviation

	Water Spinach – Wastewater
	133
	905
	1
	14
	6.8
	2.84

	Pangasius - wastewater
	19
	88
	2
	6
	4.63
	1.07

	Pangasius - non wastewater
	39
	192
	1
	11
	4.92
	2.61

	Clarias-non wastewater
	8
	38
	2
	8
	4.88
	2.10



	Total
	199
	1223
	1
	14
	5.3
	


Households in peri-urban communities often include immigrants and family relatives from rural areas or neighbouring provinces who settle in the HH for economic activities so they are also included in the overall HH size counts. In our survey the question we asked was how many people regularly eat and sleep in this house.

· Gender of household head

Table 4.3: Gender of HH head

	Village 
	Production system
	Female
	Male
	Total

	Kbal Tumnub
	Water spinach-
	9
	64
	73

	 (n=73)
	wastewater
	12.3%
	87.7%
	100.0%

	Thnout Chrum 
	Water spinach-
	7
	53
	60

	 (n=60)
	waste water
	11.7%
	88.3%
	100.0%

	Muoy 
	Fish-
	3
	11
	14

	 (n=14)
	 wastewater
	21.4%
	78.6%
	100.0%

	Chraing Chamres 
	Fish- waste and
	1
	24
	25

	 (n=25)
	 non wastewater
	4.0%
	96.0%
	100.0%

	Duong
	Fish- 
	2
	26
	28

	 (n=28)
	 non wastewater
	7.1%
	92.9%
	100.0%

	Total
	22
	178
	200

	 
	 
	11.0%
	89.0%
	100.0%


Men normally are the head of HHs in Cambodia. Women can become a head of HH  if she is widow or her husband separates or leaves home for a very long period. In Cambodia, the percentages of female-headed HH in urban and rural areas work out to 28.6 and 29 respectively. 87% among all female heads are in the labour force. Even among the elderly female heads (age 65+) nearly 53 % work to eke out their living (CIPS, 2004). In the survey area the proportion of women as head of HHs is likely low compared to the country wide proportion, and it is not different between villages and those different AFPS (Table 4.3)
· 
Gender of Household members
Table 4.4: Gender of HH members by village
	Village
	Production system
	Gender
	Total

	
	
	Female
	Male
	

	Kbal Tumnub
	Water spinach-
	273
	246
	519

	 (n=73)
	wastewater
	53%
	47%
	100%

	Thnout Chrum
	Water spinach-
	191
	195
	386

	 (n=60)
	waste water
	49%
	51%
	100%

	Muoy
	Fish-
	29
	37
	66

	 (n=14)
	 wastewater
	44%
	56%
	100%

	Chraing Chamres
	Fish- waste and
	56
	55
	111

	 (n=25)
	 non wastewater
	50%
	50%
	100%

	Duong
	Fish- 
	69
	81
	150

	 (n=28)
	 non wastewater
	46%
	54%
	100%


The overall sex ratio of male to females in Cambodia is 51.5 in urban and 51.7 in rural areas which is almost equal (CIPS, 2004). The same case is observed in the communities surveyed as the ratio of male to female including children and adults of each village were in equal proportion (Table 4.4).
· Household Head age
Table 4.5:  HH head age range for different villages
	Village
	Minimum
	Maximum
	Mean
	SD

	Kbal Tumnub (n=73)
	23
	66
	41.0
	9.6

	Thnout Chrum (n=60)
	20
	74
	39.5
	12.9

	Muoy (n=14)
	31
	59
	44.0
	8.4

	Chraing Chamres (n=25)
	19
	70
	45.0
	12.5

	Duong (n=28)
	22
	67
	45.5
	11.0

	HH Head Age for all villages (200) 
	19
	74
	42.7
	11.2


The age of the HH head in all study communities in general ranged from 19 to 74 with an average age of 42.7 with SD=11.2 (Table 4.5). Amongst those aquatic food production communities, there is no statistically significant different between those HH head as water spinach producers in Kbal Tumnub and Thnout Chrum have the average HH head age of 39.5 and 41 respectively while fish producers HH head age are slightly older at 44, 45, and 45.5 years old in Muoy, Chraing Chamres, and Duong villages respectively (Table 4.5).

· Ages proportion of Household members
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Aquatic Plant Households (n=910)
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Figure 4.1 Proportion of age class of HH members 
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Note: n= nos of HH members  

Figure 4.1 reflects that the younger age class (under 16) tend to be more represented in water spinach HHs (36%) followed by those between 21-40 (32%), while age class of 21-40 (36%) is found in the highest proportion in fish producing communities followed by age class of under 16 (25%). This indicates that in general the HH members of aquatic plant producers are younger than those of fish producers.

· Dependency Ratios
Dependency Ratio = sum of HH members earning an income in each HH / sum of HH members not earning an income
In this survey, the dependency ratio represented the ratio of sum of income earners to the sum of the non income earners in individual HHs involved in each AFPS. Income earners are the people who are involved in productive work whether they were involved in family based production or they laboured for other HHs production or worked in non-aquatic production whilst in our calculations a minimum age was not set because some children were remarkably found as also being involved in working in the aquatic production systems since they dropped out of school in their young age. This does not include the children who attended school who also help their family with labour during off school hours or at weekends.

Table 4.6 Dependency ratio by aquatic production system

	Production System 
	Dependency Ratio for Both Genders

	Water spinach - waste water
	57.47

	Pangasius - wastewater 
	70.45

	Pangasius - non wastewater 
	57.22

	Clarias - non wastewater 
	82.05


Table 4.6 represents the dependency ratio for both sexes in each AFPS. In general, the dependency ratios are higher in the fish production HHs than water spinach HHs which means that fish producers are relatively less dependent on earning and supporting other HH members compared to water spinach producers. As in Figure 4.3, fish producers tend to have more members in the age class of 21 to 40, thus most of them are old enough to hold an occupation for income generation while for HH members in water spinach production a proportion of them are still at school although they are involved part time in water spinach production beside their school hours – they are probably also not paid anything for this family labour. 
· Education of household head

Education plays a critical role in socio-economic development. It helps provide local villagers with an understanding of technical, economic, social and environmental aspects of their surrounding natural resources, to develop conceptual skills and also obtain the technical knowledge which can contribute towards increased income and a secure livelihood. Phillips (1994) described the link between education and farming efficiency, that this could increase farming productivity. In Cambodia the general education level is divided mainly into 3 categories described as primary level which is  from grade
  or year 1st to 6th  (age from 6 to 11 years old) lower secondary level from 7th to 9th  (age from 12 to 14) and upper secondary level from 10th  to 12th .(age from 15 to 17). After general education, a student can go further for the college or university level where they can choose and study specific skills. The adult literacy rate (age 15 to over) was reported from the inter-sensal population survey as 73.6 % for both genders.
Education levels of HH heads are important indicators of the HH human resources. The quality of human resources in a HH can have an important impact on the extent to which they are able to meet the needs for food and income.

Figure 4.2 reveals that HH heads of aquatic plant producers (water spinach) have lower education levels than fish producers as the majority of them are educated to primary education level or have no education. However of those surveyed, overall the Clarias producers have the highest no education levels as some of them are Vietnamese ethnics who were not educated in Cambodia but in their own country (Vietnam). During the survey this led them to hesitate to inform us of their real education, instead just reporting that they are illiterate (no education)
The difference of education level amongst all AFPS (Water spinach and fish) is observed with a statistical test. However there is no difference of education level amongst the fish production group itself.

Figure 4.2: Education of HH head by production system
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· Education of household members

Out of 1224 HH members including the HH head, a total of 95 (8%) of children are below 7 years old and are not included in this HH members’ education status analysis. 

Table 4.7: Education levels of HH members by production system
	Production System
	No education
	Primary
	Lower Secondary
	Upper secondary
	College/ University
	Total

	Water Spinach (n=133)
	210
	490
	111
	19
	3
	833

	
	25%
	59%
	13%
	2%
	0%
	100%

	Pangasius - wastewater (n=19)
	6
	29
	23
	22
	5
	85

	
	7%
	34%
	27%
	26%
	6%
	100%

	Pangasius - non wastewater (n=39)
	41
	89
	28
	11
	5
	174

	
	24%
	51%
	16%
	6%
	3%
	100%

	Clarias-non wastewater (n=8)
	11
	17
	3
	6
	0
	37

	
	30%
	46%
	8%
	16%
	0%
	100%

	Total
	268
	625
	165
	58
	13
	1129

	
	24%
	55%
	15%
	5%
	1%
	100%


In general the level of education of HH members in aquatic plant producing HHs is lower than the fish producers’ HH members (Table 4.7). Only 13% and 2% of water spinach producers obtained the lower and upper secondary levels of education respectively. Numbers of those who had no education of those aquatic producers as a whole is considerably high. It was observed that the fish producers both Pangasius and Clarias of which some are Vietnamese and Cham ethnics were not involved in any education in Cambodia because some Vietnamese who migrated into Phnom Penh had attended school in their own country and some Cham ethnics had studied their Islam and Arabic language or Malayou (Malaysia) at their mosques and schools since they are Muslim
. Moreover, their parents did not tend to send their children to public school because they think that it is not necessary for their religion and culture. Consequently they tend to respond that they don’t have any education. 

There is no relationship between HH wealth rank and education level amongst each production system. Some better off HHs have lower education though they have a good source of income and good benefit from aquatic production. This could be the case as a result of the long civil war in Cambodia during the 1970s. After more than 20 years of restoration in this sector, however a limited improvement can be seen.

Figure 4.3 Specific education levels of HH members by gender
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With selected education levels amongst gender in each production system, Figure 4.13 illustrates the higher number of females with no education  amongst all groups-especially for water spinach producers, but lower number in upper secondary school except in  Clarias production. It can be concluded that female HH members tend to be less educated than males as most males have much more opportunity than female for formal education. This is because, in the past, men were able to travel much further to access education opportunities and younger females  tended to be forced to help in housework or drop their school for helping the family‘s income activities. It is also true to say that in general culturally families prefer to give their male children a good education compared to the female children – if they have to pay they would rather pay for the boy rather than the girl.
· Household Ethnicity 
Figure 4.4: HH ethnicity by village 
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Three ethnicities were found to be involved in the aquatic production households we surveyed (Figure 4.4). All HHs living in Kbal Tomnub and Thnout Chrum villages where they grow water spinach are Khmer. Half of the HHs in Chrang Chamres who produce fish in ponds are Cham
 and the other half are Khmer. Vietnamese who settled along the river as their original occupation was fishermen seemed that they found in Duong village the opportunity of a place which was appropriate for growing fish, thus at the time, some of them decided to change their occupation from fishing to growing fish in the cages along the river and ponds nearby the river separated by road. In the survey, 25% of Vietnamese households were found in Duong Village involved in pond fish culture as some of them owned the land and some rented in land with existing ponds for pond fish culture. 
Table 4.8:  HH ethnicity by production system

	Production System
	Ethnicity
	Total

	
	Cham
	Khmer
	Vietnamese
	

	Water spinach 
	 0
	134
	 0
	134

	(n=133)
	0.0%
	100.0%
	0.0%
	100%

	Pangasius - wastewater 
	3
	16
	0
	19

	(n=19)
	15.8%
	84.2%
	0.0%
	100%

	Pangasius - non wastewater 
	10
	24
	4
	38

	(n=39)
	26.3%
	63.2%
	10.5%
	100%

	Clarias-non wastewater 
	 0
	5
	3
	8

	(n=8)
	0.0%
	62.5%
	37.5%
	100%


From the different production systems in Table 4.8, one third of HHs involved in culturing Clarias in non waste water were Vietnamese. For Pangasius culture in waste water and Pangasius in non waste water, the Cham ethnic group account for 15.8% and 26.3% respectively. Only 10.5% of Vietnamese were found in Pangasius non waste water systems. The Vietnamese ethnic group tend not to involved in water spinach because water spinach production originated a long time ago since the 60s and those Vietnamese who migrated (perhaps during late 1980s) settled mainly along the river not in the Boeung Cheung Ek area, so they were not attracted or interested to grow water spinach while they much preferred to start with fish culture.

· Religion of household heads
Table 4.9: Religions of HH heads by Ethnicity

	Religion
	Ethnicity

	
	Cham (n=14)
	Khmer (n=179)
	Vietnamese (n=7)

	Buddhism 
	0
	179
	7

	
	0%
	100%
	100%

	Muslim
	14
	0
	0

	
	100%
	0%
	0%

	Total
	14
	179
	7


Only two religions were found in HHs of aquatic production systems. In general, those who are Cham are also Muslim. Otherwise the Khmer and Vietnamese who are the aquatic producers in those five surveyed sites are all Buddhist. 

4.1.2. Household Migration Status 
Table 4.10: Place of birth/ Migration Status of Household Heads
	Village
	Production system
	Born at current place
	Not Born at current place
	Total

	Kbal Tumnub 
	Water spinach-
	27
	46
	73

	 (n=73)
	wastewater
	37%
	63%
	100%

	Thnout Chrum 
	Water spinach-
	20
	40
	60

	 (n=60)
	waste water
	33%
	67%
	100%

	Muoy
	Fish-
	0
	14
	14

	(n=14)
	wastewater
	0%
	100%
	100%

	Chraing Chamres 
	Fish- waste and
	7
	18
	25

	 (n=25)
	 non wastewater
	28%
	72%
	100%

	Duong
	Fish- 
	8
	20
	28

	 (n=28)
	 non wastewater
	29%
	71%
	100%


Migration is an important issue in urban development as urban expansion often creates more links to the rural areas to have more opportunities in migration for urban employment and urban related economic activities. This would be a special case for urban aquaculture which also emerged at the same or in competitiveness with urban industrial employment.  Table 4.10 describes the original place of the HH head which illustrates whether a HH head was born in the same place that they are living at present. It shows that majority of HH heads involved in AFPS were not originally born at their current location. Interestingly although Muoy village appears to be a special case with a slightly higher percentage of  fish farming household heads who were born in other locations compared to aquatic plant growers and the village itself was just appeared during late of 1980s.   This implies that the AFPS might not have been introduced or at least well established in these villages before these people migrated into the village for the operation of such systems when the opportunities could be seen. It is reported that only a few of them migrated from other places adjacent to their current villages otherwise the majority of them migrated from various provinces within the country.
Table 4.11: Reason of Migration of HH Head
	Village
	Production System
	Work or business 
	Join or follow family
	Others
	Total

	Kbal Tumnub 
	Water spinach-
	25
	17
	4
	46

	 (n=73)
	wastewater
	54%
	37%
	9%
	100%

	Thnout Chrum 
	Water spinach-
	24
	16
	1
	41

	 (n=60)
	waste water
	59%
	39%
	2%
	100%

	Muoy
	Fish-
	10
	2
	2
	14

	(n=14)
	wastewater
	71%
	14%
	14%
	100%

	Chraing Chamres 
	Fish- waste and
	12
	2
	4
	18

	 (n=25)
	 non wastewater
	67%
	11%
	22%
	100%

	Duong
	Fish- 
	15
	2
	2
	19

	 (n=28)
	 non wastewater
	79%
	11%
	11%
	100%


Table 4.11 reflects that those who were not born in their village (138 out of 200) migrated to these communities for different reasons. In fact, the majority of them migrated in for general work or business. Despite this, most households were found to be involved in AFPS since they just first settled in the village. The result shows a considerable proportion of HHs in Kbal Tumnob and Thnout Chrum who produce water spinach (37% and 39%) joined or followed their family to the current village of residence while the HH heads in Duong village some of whom are Vietnamese mainly migrated in for business or work related in AFPS system mainly fish culture, but not specifically to follow their other family members.

Besides the HH head’s migration for settlement, HH members’ migration during the monitoring survey is another indicator for the mobility of labour and stability of farmers’ occupations. As mentioned in earlier sections most of AFPS HHs are often composed of other members who are relatives or friends migrating to join in AFPS. However it is likely some of them are not permanently residing with the HH throughout the whole year. For almost all of them, their migration reason was looking for labour and employment. They tend to migrate into urban areas seasonally during the need of labour for both AFPS (eg harvesting) and non-AFPS income earning opportunities and migrate out to paddy farms in the provinces during the start of cultivation and harvesting periods for rice. Amongst different AFPS, our analysis shows that members of HHs involved in growing water spinach are much more likely to migrate in and out of the house than other AFPS (Table 4.12). This migration in becomes highest during Monitoring 2 mostly during November when they see the demand in labour to start the aquatic plant production cycle after high floods in the lake.


Table 4.12:  Annual Migration of HH members during the monitoring survey period (May 2004 –Feb 2005)
	 
	Production System

	Survey 
	Water Spinach- wastewater n=905
	Pangasius – 

non wastewater n=192
	Pangasius – wastewater n=88

	
	Mi. In
	Mi. out
	Mi. In
	Mi. out
	Mi. In
	Mi. out

	Monitoring 1 (May-Jul)
	3.1%
	1.0%
	1.6%
	0.0%
	1.1%
	0.0%

	Monitoring 2 (Aug-Nov)
	8.1%
	0.7%
	5.2%
	0.0%
	3.4%
	1.1%

	Monitoring 3 (Nov-Feb)
	4.1%
	0.7%
	0.0%
	0.5%
	0.0%
	0.0%


Note: Mi.In= Migration In, Mi.out= Migration Out
Figures in the table represent the number of HH members who migrated in or out

4.1.3. Household Wealth Status

· Household Construction material

The information on house construction material was observed by the team members whilst they were carrying out the HH baseline survey questionnaires. The combination of housing material is used here to determine the quality of the buildings which can reflect the wealth status of the HHs as well.  Through the survey, the data on variety of house collected and different combinations of wall and roof materials was considered in 3 main categories
: Poor type, Medium type, and Rich Type as shown in Table 4.13. 
Table 4.13: House Type Categories as combination of wall and roof material

	Poor type
	Medium Type
	Rich Type

	Wall
	Roof
	Wall
	Roof
	Wall
	Roof

	zinc
	zinc
	Wood/plywood
	Fibro
	Cement
	Cement

	Bamboo
	Thatch/leaf
	Wood/plywood
	Tiles
	Cement
	Tile

	Thatch/leaf
	Thatch/leaf
	Wood/plywood
	Zinc
	Cement
	Zinc

	Wood/plywood
	Thatch/leaf
	
	
	Cement
	Fibro

	Thatch/leaf
	Tent
	
	
	
	

	Thatch/leaf
	Zinc
	
	
	
	

	Zinc
	Tent
	
	
	
	

	Sack
	Thatch/leaf
	
	
	
	


As illustrated in Table 4.14 most of the HHs associated  with AFPS were from the  medium income house type. However by looking in different house type categories, it is found that within water spinach HHs both in Kbal Tumnob and Thnout Chrum, many of them fall in the category of poor house type (44% and 38% respectively) which is much more than for the fish producers represented in this category as most of them are rather ranked in Medium type followed by the rich type category. 

Table 4.14: House type by production system

	Village
	Production  system
	Poor Type
	Medium Type
	Rich Type
	Total

	Kbal Tumnub 
	Water spinach-
	32
	39
	2
	73

	 (n=73)
	wastewater
	44%
	53%
	3%
	100%

	Thnout Chrum 
	Water spinach-
	23
	35
	2
	60

	 (n=60)
	waste water
	38%
	58%
	3%
	100%

	Muoy
	Fish-
	1
	11
	2
	14

	(n=14)
	wastewater
	7%
	79%
	14%
	100%

	Chraing Chamres 
	Fish- waste and
	2
	20
	2
	24

	 (n=25)
	 non wastewater
	8%
	83%
	8%
	100%

	Duong
	Fish- 
	7
	17
	4
	28

	 (n=28)
	 non wastewater
	25%
	61%
	14%
	100%


A significant difference between fish and water spinach HHs is observed (Table 4.14).  Yet the house type does not seem to show its relationship with the migration status and income level of the HH. It is difficult to explain this pattern since there are many factors that could be considered rather than migration status and income level itself. As reported by the Cambodian inter-sensal population survey (2004), semi permanent and temporary house types which corresponded to medium and poor house types in our survey, indicated 17.2 % and 16.2% in urban area and 27.5% and 28% in rural areas which are observed as lower than in the aquatic plant communities we studied. Probably this indicates a special case for the perception of those peri-urban farmers for their fear of residence removal/replacement due to urban development thus their reluctance to invest more money in the structure/permanence of their houses since the majority of them are the informal settlers in the area. Another case could be explained about fish producers in Duong village who some of them tend to rent in land (ponds) for their fish production. In general, their residences are built on the farm consequently they tend to have temporary houses (poor house type) as their investments in the construction of their houses could be limited due to the risk of giving up or losing their renting land/pond resulted from a short term 2-3 year basic land lease. Finally for most of the AFPS households we interviewed – especially those on Beung Cheung Ek lake flooding was an annual and perpetual problem affecting their lives along with their living conditions and overall condition of their houses. Fear of damage or even loosing their houses during this flooding would very much limit them in investing further in upgrading or improving the structure of their houses.
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Photo 4.1: House type in the AFPS communities
· Household Assets

Table 4.15 HH assets by village

	Village
	Car/Pick-up/Van
	Motorbike
	Television
	Mobile phone
	Bicycle

	Kbal Tumnub (n=73)
	0.0%
	27.4%
	60.3%
	6.8%
	30.1%

	Thnout Chrum (n=60)
	0.0%
	33.3%
	58.3%
	11.7%
	28.3%

	Muoy (n=14)
	14.3%
	92.9%
	85.7%
	50.0%
	85.7%

	Chraing Chamres (n=25)
	8.0%
	64.0%
	68.0%
	56.0%
	72.0%

	Duong (n=28)
	28.6%
	92.9%
	85.7%
	82.1%
	39.3%


Amongst AFPS villages in the survey, the majority of HH assets (mainly motorbike, bicycle, television, and mobile phone) could all be seen in Duong village then followed by Muoy and Chraing Chamres where those HHs were also involved in fish culture, compared to Kbal Tumnub and Thnout Chrum- the water spinach communities (Table 4.15). This tends to indicate the fish producers own more of the main HH assets than aquatic plant producers whose income from growing water spinach was the lowest amongst the communities studied. Similarly ownership of motor vehicles (cars/pickups) although still relatively low was much higher in the fish farming communities compared to 0% ownership in any of the communities growing aquatic plants. Only a third of water spinach producers own the motorbike which is the main transport means for the households in the city. Although city public transportation both from government and private company can not be seen in Phnom Penh, motorbike taxi which is locally known as Motordrop is commonly found in all corners of the city. However own transport such as motorbike could be necessary for aquatic plant producers when we can see them actively transport their production to main markets in the city such as Phsar Deum Kor and Phsar Chbar Am Pov etc. located just 3-5 km from their farm gate. As can be seen from development of aquatic food production systems in other cities ie Bangkok (Papussa SOS report Bangkok 2004) – ownership of a motor vehicle, particularly a pick up allows farmers a much greater flexibility and control over their production particularly with the option and ability to easily and more cost effectively transport their produce to a wider range of markets.  

· Land
 ownership
Land is the most important productive asset in agrarian societies such as Cambodia’s. Land ownership rights were reintroduced in 1989, following the failure of the Khmer Rouge regime in 1979 and ten years of unsuccessful collectivized production. Within ten years of the reintroduction of private ownership and the redistribution of land, land issues have become one of the most sensitive economic, social, and political issues in Cambodia (Sik, CDRI, 2000). Since the increasing expansion of Phnom Penh city, land ownership becomes the most concerned issue for HHs in peri-urban areas. From the  working paper of Sik Borak (2000) it appears that most  Cambodians own at least some land, but only a small proportion of the population has official land titles, even though, people have been actively transferring land (their only productive asset) on the market. Land ownership analysis in this section attempts to act as a possible indication of the wealth status and security of HHs in different communities which are involved in different AFPS. However, associated factors such as unclear ownership status and changes in land policy can be confounding variables which can affect the results of this analysis.

Table 4.16: % Households surveyed who own land 
	Village
	Categories of land area (m²)

	
	Not own
	<200
	200-500
	500-1000
	1000-5000
	5000-10000
	> 10000
	Ave-rage

	Kbal Tumnub (n=73)
	19%
	45%
	5%
	1%
	11%
	10%
	8%
	3,218

	Thnout Chrum (n=60)
	35%
	28%
	7%
	5%
	13%
	3%
	8%
	3,003

	Muoy (n=14)
	0%
	0%
	64%
	29%
	7%
	0%
	0%
	610

	Chraing Chamres (n=25)
	24%
	16%
	8%
	4%
	28%
	8%
	12%
	3,965

	Duong (n=28)
	32%
	18%
	4%
	0%
	7%
	25%
	14%
	9,447


Note: Percentage of HH who have the land ownership in the village either HH land or cultivation land.
In Kbal Tumnub and Thnout Chrum which are the home villages of water spinach producers, HHs own an average  land area of  about 3000 m2. When comparing between these two villages, The number of HHs who do not have any land or do not own the land in Thnout Chrum are more than Kbal Tumnob (35% vs 19%), more of these people tend to own  smaller areas as illustrated in Table 4.16. Almost half of HHs in Kbal Tumnob and one third in Thnout Chrum own plots of less than 200 m2 which is recognized as the plot which their house is built on only so those people are totally dependent on renting in land from other households or a landlord for their aquatic plant production. About 10% of Kbal Tumnob HHs own land areas   of 5,000-10,000 m² against 3 % of Thnout Chrum. Similarly 10% of them from both villages own an area of more than 10,000 m2.

All fish producers (100%) in Muoy village own the land either their housing land or cultivation land (Table 4.16). This is because they are located in the centre of the city, all of them tend to have permanent residences and the fish pens are just located under or within the house area. On average they own 609 m2. However the majority of them own land areas of 200-500m2 and another one third own 1000-5000 m2 while only 7% own plots larger than 1000m²-5000 m2.  This seems to be the smallest area compared to other fish production systems in other surveyed sites, however the price of land here tends to be relatively very expensive (150-250US$ /m²). 
The majority of fish producers own land in Duong and Chraing Chamres villages as another one third do not have any land as their own properties. Amongst those who own the land, a proportion of them (16% and 18% for Chraing Chamres and Duong respectively) own land areas smaller than 200 m2 which is again for their houses built while another similar proportion own the land area larger than 10,000 m2. It is observed that Duong village HHs own an average area of 9447 m2 which is larger than Chraing Chamres as they own an average of 3965m2 only, perhaps this is because Duong village is located further outside of the city than Chraing Chamres, thus more larger areas of land seem to be available to be owned while its price is also cheaper compared to other survey areas (<50 US$/m²). (See map of land prices in the Appendix 2) 
Our analysis went on to explore the relationship between land and income of the HHs. The results show no relationship among these as some of producers with high incomes level do not always own land while they may just able to rent in for their production. As an example some households who are involved in pond fish culture in Duong village could produce an estimated 50 tons of fish production per year giving them returns and a very high income of estimated 20,000 US$ however they still need to rent in land for their fish ponds since they still cannot afford to buy the land of more than 1 hectare (10,000 m2) for pond construction. It would require them to invest huge amounts of money for land investment (1 hectare of land in Duong village could cost more than 100, 000 US$)
4.1.4. Household Accessibility 

· Domestic Water Supply

In Cambodia domestic water supply has been one of the major concerns for HH consumption. From the 2004 inter-census population survey, only 44% of HHs in Cambodia have access to safe drinking water. From the results of our survey, there were 6 types of domestic water supplies in the study communities. These varied considerably between and amongst villages depending on the location of urban development since Phnom Penh has been experiencing dramatic urban development during the last 5 years. Piped water supplied by either government or private companies is considered safer than other sources. Unfortunately only 37.4% in urban against 3.3% in rural are recorded to have access to piped water. 

Figure 4.5: Source of HH domestic water supply
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For Kbal Tumnob and Thnout Chrum, the main sources of domestic water used come from borehole/wells (>50%) followed by piped water supplied by private enterprise and minor availability of state piped water due to limited extend of the mains pipe network in the city. Although borehole/well and piped water from private sources are considered safe for consumption, limited accessibility associated to seasonal change and high price commanded by private business causes the villagers to end up with using the contaminated lake water for part of their daily consumption particularly for washing and bathing which can often be seen during flood season when the water is actually available under house and appears to be less waste concentrated/polluted. This is also likely to have implications on the health of these HHs depending on such water supplies. Fortunately, all HHs (100%) in Muoy village in Boeung Kok consumed piped water supplied by the state enterprise which is considered as safe and cheap as their location is close to city centre. Beside piped water, fish farmers along the river (Chraing Chamres and Duong villages) are not interested in using Borehole/well supplies  as they have plentiful availability of water sources from the nearby freshwater lake and river. However, it is surprising that more fish farmers in Duong village access the piped water from state while those in Chraing Chamres access from private, it is highly dependent on availability of the pipe network. 

Figure 4.6: Supply of Borehole water used in aquatic plant communities
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It is interesting to look at the supply of borehole/wells in aquatic plant producing communities (Figure 4.6). Less than half of them have their own HH borehole/well while the remaining access the shared borehole/ wells which are properties of different villager shared groups. Only a few are provided by NGOs. 

· Source of Electricity

Figure 4.7: Sources of Electricity by village
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In general, the supply of electricity in Phnom Penh is run by an autonomous state enterprise known in French as Electric Du Cambodge (EDC). During the last 5 years as the urban area has been increasing and extended, plenty of new poles along the old and newly constructed roads have been set up to bring  electricity to new areas. Despite this, only a certain proportion of the inhabitants in peri-urban and urban villages have been able to connect and use electricity from the EDC. 

The results from the survey (Figure 4.7) show that  mains electricity from EDC only accounts for one third of the AFPS HHs in the  Boeung Cheung Ek lake villages  (Kbal Tumnub 34% and Thnout Chrum 33%), Whereas 60% and 61% of HHs of Chraing Chamres and Duong villages are connected. Fortunately almost all HHs in Muoy village are connecting to EDC electricity since this village is located close to the centre of the city. Besides that, 7% and 11% of AFPS HHs in Chraing Chamres and Duong village respectively use generators for lighting their houses and fish farms. However, Kerosene and Batteries are also more prevalent as the sources of lighting in water spinach production communities due to the limited extent of the electricity cable network, as well the high cost of fuel to run their own generators.

4.1.5 Household Economic Status

· Income activities

Figure 4.8: Income activities of communities
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Different communities have their own typical HHs’ occupational pattern. In the surveyed communities HH occupation of the AFPS are quite diverse which is illustrated in Figure 4.8. In Kbal Tumnob and Thnout Chrum where these two communities are located nearby on the fringes of the lake, thus HH occupation shows a similar pattern of which 100% of surveyed HHs are involved in aquatic plant production in wastewater as this is considered a main income activity of this community. Selling aquatic vegetables in both local and other markets is also another income source for the surveyed HHs as this is often practiced by women in surveyed HHs while men engage in other income earning activities such as fishing in the lake followed by labouring, driving or motor bike taxi work.

In Muoy village, all HHs surveyed (100%) are involved in fish farming mainly the Pangasius species in the pens on the fringes of the smaller waste water fed lake. Farming livestock over the culture pens is also a common practice of 43% of surveyed HHs followed by motorbike taxi driving (36%) and market venders (14%). The income activities in this village are rather diverse compared to other communities due to the availability and access to jobs in the city centre and motorbike taxi is related as another good source of daily income which they can be involved in   any free time from their fish farming activities. 

Fish culture mainly Pangasius catfish is also another income activity for sampled HHs in Chraing Chamres. Despite this, selling aquatic food mainly cultured and wild fish from the nearby river is also a good source of income which 36% of those HHs practice more easily since their community is close to the main fish loading site of the city. Though taxi drivers and farming livestock are not much of their interest, labour work in nearby factories and construction are much accessible for 20% of them.

Different from other communities, HH income activities in Duong village are quite limited. 100% of them who were surveyed cultured fish in ponds using non wastewater from the nearby lake and river. With the extensive availability of good water sources and plentiful trash fish from the river it gives them the opportunity and inputs to intensively farm fish. Inputs such as trash fish, rice bran and fish pellets are intensively used. However 14% of them have additional occupations in selling aquatic food mainly fish from either harvested or wild caught, at the fish market nearby to the village.

· Number of Income Activities
Table 4.17: Number of sources of income by communities

	Village
	Pro. system
	1 sources
	2 sources
	3 sources
	Total

	Kbal Tumnub
	Water spinach-
	37
	28
	8
	73

	 (n=73)
	wastewater
	51%
	38%
	11%
	100%

	Thnout Chrum
	Water spinach-
	26
	30
	4
	60

	 (n=60)
	waste water
	43%
	50%
	7%
	100%

	Muoy
	Fish-
	2
	10
	2
	14

	(n=14)
	wastewater
	14%
	71%
	14%
	100%

	Chraing Chamres
	Fish- waste and
	18
	6
	1
	25

	 (n=25)
	 non wastewater
	72%
	24%
	4%
	100%

	Duong
	Fish-
	23
	3
	2
	28

	 (n=28)
	 non wastewater
	82%
	11%
	7%
	100%


Number of income earning activities of each HH is another indicator for the diversity of farmers’ livelihoods as particular proportions of HH are involved in 2 and 3 sources of income as illustrated in Table 4.17:

A high proportion of HHs involved in 2 occupations is found in Kbal Tumnob and Thnout Chrum villages. This shows  evidence of a struggle in their livelihoods for water spinach producers since despite this activity they are relatively poor, and  need to diversify their occupations for additional incomes to support their families livelihoods since as mentioned earlier aquatic plant producers have bigger HH size compared to others AFPS. More than this, they often suffer from the seasonality of the aquatic plants production cycle due to changes in water quality, vulnerability to pest destruction, and a concern of uncertainty of their production continuation disturbed by rapid urban development in the sub-urban area.

The income sources of AFPS HHs in Muoy village are very unique. Almost all HHs have more than 1 income source, 71% and 14% of them have two and three income sources respectively. This is likely as mentioned early that additional jobs are available and helpful for them since they are located near to the city centre. Another explanation is perhaps because their farming system is less intensive as they are more reliable on the daily availability of canteen waste for fish feeding resulting in them being involved in additional occupations in their free time such as livestock raising (pigs), motorbike taxis, tailoring etc. for  upgrading their standard of living.

An evidence of fish production being a good income source this is shown by a high proportion of HHs in Chraing Chamres and Duong villages (71 % and 82%) involved in just one occupation (fish farming) as their main source of income. This is again associated with their scale of production as they give much importance to intensive fish production rather than becoming involved with other jobs since fish production gives them a good marginal return for their income and further expansion of their production area.

· Credit

The provision of credit system in Cambodia is mostly is in the form of microfinance. Perhaps until now, there are limited operating credit agencies in Cambodia to survive and actively help poorer people with their agricultural production systems. Micro-credit is beginning to work very actively amongst agricultural production as well as other small business enterprises. Likewise, in the survey of peri-urban aquatic production systems in Phnom Penh with those involved in the AFPS, some of them take credit for their farm operations. The aquatic plant producers need credit for growing aquatic plants, and fish producers take credit for their fish farming. 

Figure 4.9: AFPS HHs taking credit by village
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Figure 4.9 shows that water spinach producers in Kbal Tumnob and Thnout Chrum villages take credit more than other communities as accounted for 60% and 40% respectively followed by Duong, Muoy and Chraing Chamres which are the communities producing fish. This difference is clearly observed with the importance of such credit for water spinach producers when they tend to require credit at the beginning of their production cycle. They need money to invest in renting the land and buying inputs for production since they are poor and short of capital. The same figures also reflect the low proportion of fish farmers who take credit for their production. It seems that they tend to have the necessary capital available for maintaining their production cycle whilst meanwhile obtaining a good return from the production.  However this assumption is not clear unless a further reason why the remaining proportion of AFPS HHs are not involved in any debt/ credit is observed. Also those involved in answering this question may not have been keen to tell the survey enumerator that they had used credit for personal/prestige reasons.

Table 4.18: Reasons for not taking credit

	Village
	Fear of debt
	No require -ment for credit
	Not credit worthy
	Shame
	Unaccept-able risk
	Unaccep-ted by creditor

	Kbal Tumnub (n=73)
	9%
	18%
	21%
	3%
	6%
	42%

	Thnout Chrum (n=60)
	18%
	23%
	0%
	0%
	5%
	55%

	Muoy (n=14)
	21%
	37%
	37%
	0%
	5%
	0%

	Chraing Chamres (n=25)
	32%
	21%
	21%
	5%
	0%
	21%

	Duong (n=28)
	24%
	48%
	10%
	10%
	5%
	5%


By looking at the reasons of not taking credit in Table 4.18, we can make a good explanation for HHs in Kbal Tumnub and Thnout Chrum producing water spinach for the main reason of not taking credit because some of them are not accepted by creditor (42% and 55%). In fact, most of those HHs need credit to make certain the initiation as well as intensification of the production, unfortunately they are not able to access credit schemes perhaps due to failure to meet the terms required by the creditors and also narrow availability of credit schemes. No requirement for credit is a major reason of fish producers in Duong village (48%) since most of them have a good source of capital for investment and return with good profit from their recent production. The same reason also perceived by waste water fish producers in Muoy village (37%) as their fish culture is likely to be more extensive with less capital inputs. On the other hand some fish producers in Chraing Chamres do not take credit when they are concerned about the fear of debt (32%) and some do not really need credit for their production (21%). 

Figure 4.10: Credit sources by village [image: image15.emf] 
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A number of credit sources used were described - commercial banks, community or rotating saving schemes, neighbours or friends, NGO micro-credit schemes, private lenders, and relatives. Amongst these, NGO micro credit and private lenders were the most popular for people to turn to it for provision of credit but neighbours or friends were indicated as a source of credit in communities of fish production. This is perhaps because the majority of these producers who take credit are Chaam and Vietnamese who tend to have good relationships in helping each other.
4.1.6 Household Food consumption

· Aquatic Vegetable consumption

Figure 4.11: Aquatic vegetable consumption
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The surveyed households were asked for their consumption of aquatic plants during the week of the interview. Out of 200 HHs who were interviewed, 138 HHs estimated as 70% consumed aquatic vegetables as a daily part of their food during the week (Figure 4.18). Amongst those popular aquatic vegetable species consumed, the most popular was 38% eating Water spinach, 31% Water mimosa and 17% water lotus. A smaller proportion of HH’s also ate water dropwort and water lily. 

· Fish consumption 
Figure 4.12: Fish consumption
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Only 51 of 200 HHs in the surveyed villages reported that they ate fish during the interviewed week. In Figure 4.12, Pangasius catfish were found the most consumed species accounting for 24 % amongst other fish species and followed by Giant snakehead 23% and striped snakehead 20%. Those HHs who produce fish seem to eat more fish especially Pangasius catfish than the aquatic plant HHs. Pangasius producers tend to eat their own cultured fish though it is still in doubt that the Clarias producers rarely eat their own cultured Clarias fish.  

· Source of food consumed 
Figure 4.13: Sources of aquatic vegetables and fish consumed
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From Figure 4.13 amongst those aquatic vegetables consumed by the respondents, 66 % perceive that they are grown in the waste water against 21 % grown in non waste water. 6% of the consumed plants are perceived by the users that those foods are from both waste and non waste water, though 7% did not know of their sources.  Conversely for those surveyed who ate fish 40% believed they were from non wastewater and 30% thought they were from waste water. For the HH’s we surveyed this shows that the majority of people knew their aquatic plants that they regularly consumed were grown in waste water and apparently were ok with this . However in the consumption of fish people appeared to eat relatively more freshwater produced fish and thus to be less willing to eat fish cultured using waste water. This is a perhaps an assumption however which can be backed up with Papussa Markets survey findings (RUA/UOS, MA, 2003) which clearly showed consumers and retailers in both HCMC and Ha Noi having few problems eating water spinach and water mimosa which they knew was grown using waste water whilst they were far more likely to not want to eat and sell fish which they knew had come from waste water sources. 
Figure 4.14: Water source of consumed vegetable species
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Figure 4.14 shows the result of examining the 4 main species of aquatic vegetables which were most consumed among HHs in our surveyed villages. They were water spinach, water mimosa, water lotus and water lily. Of those, wastewater was mostly perceived by the respondents in Kbal Tomnub and Thnout Chrum, to be the sources where their consumed aquatic vegetables come from since some of those were their own products. In contrast, people in Muoy, Chaing Chamresh and Duong village who are the fish producers in waste and non waste water eat mostly the aquatic vegetables which they perceived not being produced in waste water.

· Aquatic food consumption seasonality

Through the 3 rounds of monitoring with the aquatic food producing communities in the surveyed areas, a few variations were found in food consumption amongst fish and vegetables.
Figure 4.15: Seasonality of aquatic food consumption [image: image20.wmf] 
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Figure 4.15 reflects that both fish and aquatic vegetables are consumed more in the Monitoring 2 period from August to November. Referring to the Participatory Community Appraisal carried out in the first year of the project (2003) in the Aquatic plant producing communities (Kbal Tumnob and Thnout Chrum), the aquatic plants were described as being of better quality and higher productivity during Monitoring 2. This could be the reason that aquatic vegetables are more consumed during that period of time. Similarly, wild fish catch was also higher during that period and this catch and availability of fresh fish probably attracts people to increase their consumption in the villages at that moment.

4.1.7. Household Health Status
Household Health status can be a good indicator of the social-economic welfare of HH members. Health problems in this survey are likely to be underreported due to household members being unable to remember or unwilling to discuss health problems that they faced. Some also didn’t seem to care about their health and thus gave inaccurate responses. 
Table 4.19: HH members reporting health problems
	Production System
	HH members reporting health problems
	Total Number of HH members

	Water spinach-
	195
	910

	waste water
	21%
	100%

	Fish-
	15
	88

	wastewater
	17%
	100%

	Fish- 
	37
	226

	non wastewater
	16%
	100%


In general, health problems are likely to occur amongst producers who work with or in contact with contaminated waste water. The number of household members who have health problems is reported in Table 4.19 as 195 (21%) out of 910 of the total number of household members surveyed  involved in water spinach production in Boeung Cheung Ek waste water fed lake compared to fish production in another smaller waste water lake (Boeung Kok), where 15 household members (17%) out of 88 surveyed reported health problems and similarly to Fish production in non waste water,  where 37 (16%) out of 226 HH member surveyed reported health problems. However the different cases are observed in different AFPS particularly amongst waste and non waste water production.

Table 4.20: Range of Health problem by farmers working in different AFPS 
	Production System
	Back problem
	Cold/ congestion
	Diar-rhea
	Fever
	Respira-tory/ lung
	Skin problems
	Total

	Water spinach 
	7
	18
	28
	54
	8
	80
	195

	wastewater
	0.8%
	2.0%
	3.1%
	5.9%
	0.9%
	8.8%
	21.4%

	Fish - 
	1
	4
	2
	6
	0
	2
	15

	wastewater
	1.1%
	4.5%
	2.3%
	6.8%
	0.0%
	2.3%
	17.0%

	Fish - 
	1
	3
	7
	23
	0
	3
	37

	non wastewater
	0.4%
	1.3%
	3.1%
	10.2%
	0.0%
	1.3%
	16.4%


Amongst those fish farmers who reported health problems, fever and cold were the two most commonly faced problems. Unfortunately within the sampling framework in our survey we are not able to make comparative conclusions about the health of those working in peri-urban aquatic food production systems compared to those living in the same communities working in other occupations. In contrast to the other production systems, waste water spinach producers most commonly reported skin problems which account for 8.8% of the total people surveyed, followed by fever (5.9%) and diarrhea (3.1%). Waste water fish producers   reported that only 2.3% of them suffered from skin problems since they claimed that they are rarely exposed to waste water except during the few days of harvesting and they always wash themselves well after being in contact with waste water. The most common diagnosis by the dermatologist who examined referred patients in the skin problem study was Contact Dermatitis, the main symptoms being itching, papules and dry skin which commonly occurred to those growing water spinach in Beoung Cheng Ek Lake. Body parts mostly affected were the hands since hands were continuously in contact with wastewater during the working day. Moreover, other body parts including feet, legs, arms and trunk were also affected.
 However fever appears to be the main problem for fish producers in waste water. It is difficult to conclude the fever is the health problem belonged to any group of farmers since this problem also common amongst fish producers in non waste water and water spinach producers in waste water. It could also be as a result of other confounding variables which were not included in our survey eg. sources and quality of drinking water, poor hygiene or lack of toilets for each household. 

Table 4.21: Health problems by gender
	Production System

 
	Back problem
	Cold or congestion
	Diarrhea
	Fever
	Respiratory / lung
	Skin problems

	
	F
	M
	F
	M
	F
	M
	F
	M
	F
	M
	F
	M

	Water spinach
	3
	4
	7
	11
	11
	17
	31
	23
	3
	5
	33
	47

	Fish- non wastewater
	0
	1
	2
	1
	3
	4
	10
	13
	0
	0
	1
	2

	Fish - wastewater
	1
	0
	1
	3
	1
	1
	3
	3
	0
	0
	0
	2


Note: F= Female, M= Male

Occurrence of health problems appears not to be related to the age class of farmers but related to their gender. Most of the problems are more severe for males than females especially respiratory problems which could perhaps be related from their pesticide spraying since this is considered as a man‘s responsibility. Skin problems for males are perhaps caused by long time contact with waste water mainly associated with hard labour such as maintenance of the plant rope network, transferring the harvested products to the loading site and so on. Rather than this, it is observed that men feel braver and take less concern on their health problem; consequently they often work without health care. Also it should be noted that the overall survey involved interviewing a much higher % of men (normally HH heads) than women thus the males would be less likely to be aware of or actually report health problems associated with women (Male 65%, Female 35%).

Figure 4.16: Farmers perceptions of the causes of health problems amongst water spinach producers
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It becomes clear to conclude that skin problems are associated with producers in contact with wastewater as Figure 4.16 reflects the farmers’ perceptions of the causes of their health problems in that almost all cases of skin problems are caused by being in contact with contaminated waste water. It is surprising the perception amongst aquatic plant producers that fever and diarrhea also occurred from being in contact with waste water. Still further explanation should be made by the health experts. Diarrhea was perceived as being caused by consuming contaminated food because those who are patients observed that diarrhea often occurs when they consume fresh uncooked vegetables which have also not properly been washed in clean water. However this contaminated food could refer to all kinds of vegetables which they often come to use which could have attached pesticides or chemicals when they were sprayed for fertilizing and prevention of pests. 
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b) Skin problem occurs on the hand

Photo 4.2: a) Farmer working in waste water field for harvesting

 water spinach without any protection from health risks

The perception of farmers on the causes of their health problems reveals that most of them are aware of the health problems associated with waste water however there are few measures taken amongst them to protect themselves from the health risks. It is also interesting from our survey that none of them seem to consider the widespread spraying of chemicals as a health risk and as such as commonly witnessed farmers wear little or no protection whilst carrying out this activity. 

Figure 4.17: Fish farmers’ perceptions of causes of their own health problems  
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Fever is the commonest case but this was perceived to be associated with weather while half of them said that they did not know the cause. Diarrhea was also reported to be caused by consuming contaminated food mainly fresh vegetables without properly cleaning them.

Figure 4.18: Seasonality of health problems amongst aquatic plant producers
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Aquatic food producers in peri-urban of Phnom Penh seem to suffer from different health problems during the different survey periods (Figure 4.19). For water spinach producers in Boeung Cheung Ek lake, skin problems seem to be most prevalent during monitoring 3 (Nov-Feb) which is the beginning of the dry season and become exacerbated when temperature becomes hottest in April when there is little or no rain. This seems to be related to the level of contaminants in the lake water increasing when the lake does not receive any fresh water from  natural sources such as river or rain, rather than the sewage water discharged from residences and industries. Moreover respiratory and lung problems tend to appear in this period (monitoring 3) since the pesticides and plant conditioners are very much applied compared to other monitoring period in order to prevent pests and sustain the plants from adverse affect of high contaminated waste water. This gives more evidence for the cause of fever  from the weather since its appearance is  mostly at the start of the rainy season when as the  weather varies  quickly during each day from  being hotter before raining  to much cooler temperatures  during and after it  rains, variation   which could be the cause of catching colds and fever.

Figure 4.19: Seasonality of health problems amongst fish producers
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Reported health problems for fish producers in waste water and non wastewater appear to be fairly similar. Fever and diarrhea are the commonest reported problems during the survey period. Similar to aquatic plant producers, fever appears the most during the rainy season. Beside these, Diarrhea  also appeared more during  the rainy season perhaps due to the abundance of all kind of fresh vegetables during this season which these people like to eat  fresh raw and uncooked.

· Treatment of  health problems
Table 4.22: Treatment of health problems by household members of different AFPS
	Production System
	Health Problem 
	Public doctor in city
	Private doctor
	Self-treatment
	Community service
	Others*
	Total

	Water spinach
	Skin problems
	2
	38
	358
	44
	6
	442

	
	
	0%
	9%
	81%
	10%
	1%
	100%

	
	Fever
	6
	116
	18
	50
	7
	190

	
	
	3%
	61%
	9%
	26%
	4%
	100%

	
	Diarrhea
	3
	32
	5
	23
	5
	63

	
	
	5%
	51%
	8%
	37%
	7%
	100%

	
	Cold
	0
	32
	5
	9
	3
	46

	
	
	0%
	70%
	11%
	20%
	6%
	100%

	
	Back problem
	0
	7
	34
	3
	0
	44

	
	
	0%
	16%
	77%
	7%
	0%
	100%

	
	Respiratory 
	5
	7
	9
	2
	3
	23

	
	
	22%
	30%
	39%
	9%
	12%
	100%

	Fish- non wastewater
	Fever
	1
	23
	0
	4
	3
	28

	
	
	4%
	82%
	0%
	14%
	10%
	100%

	
	Cold
	 0
	10
	0 
	1
	0
	11

	
	
	0%
	91%
	0%
	9%
	0%
	100%

	
	Diarrhea
	0
	6
	1
	2
	1
	9

	
	
	0%
	67%
	11%
	22%
	10%
	100%

	
	Skin problems
	0
	1
	2
	1
	0
	4

	
	 
	0%
	25%
	50%
	25%
	0%
	100%

	Fish - wastewater
	Fever
	1
	22
	1
	2
	0
	26

	
	 
	4%
	85%
	4%
	8%
	0%
	100%

	
	Cold 
	 0
	7
	1
	 0
	0
	8

	
	 
	0%
	88%
	13%
	0%
	0%
	100%

	
	Diarrhea
	0
	2
	
	1
	0
	3

	
	 
	0%
	67%
	0%
	33%
	0%
	100%

	
	Skin problems
	0
	1
	2
	0
	0
	3

	
	 
	0%
	33%
	67%
	0%
	0%
	100%


* Other treatments described were confined in hospital, or NGOs health service, or recover  doing nothing, or visit traditional healer.

The responses to health problems by household members indicates the social and economic welfare of the households and also reflects the underdevelopment of local health services and infrastructure in the area. Most government health facilities in Cambodia perform poorly, due to lack of funds, inadequate management and inefficient use of resources, but mostly due to poor motivation of health staff (Soeters, 2003). Outpatient attendance in public health facilities in Cambodia is only 0.35 consultancies per capita per year, below the World Health Organization international standard of 0.60 (World Bank, 1999). 

Likewise in the AFPS survey communities though these are located in peri-urban areas (5-10 km from the  city centre) where most of health centres are accessible, still the popular way of treatment for their daily  health problems is to consult with a private doctor  followed by self treatment and minor community health service (Table 4.22). Only a few of them used to go for health service with public doctor or physician in public health centres or hospital due to as mentioned earlier the poor health service provided by government agencies and they may often be asked to pay unclear additional money or ignored by the health staff. 

As illustrated in Table 4.22, self treatment is the main manner of either farmers producing water spinach and fish to their skin problems. Water spinach producers described their popular traditional method as applying the mixed solution of a kind of cosmetic powder with lemon juice on the infected part of the body since consulting private physicians or buying medicine in pharmacies is often considered too costly for them. Unavoidably, those poor people are still challenged with the high payment to private clinics or pharmacies for the treatment of other diseases such as colds, fever, diarrhea and respiratory problems. Making matters worse for poorer people due to the restrictive costs of seeing a private doctor they often have improper or irregular treatment which is not effective and means that they return for further more costly treatment with a more developed and durable disease condition. This is exacerbated further as with a severer case of the skin problem they are not able to work and thus have restricted income to pay the doctors bills. This could be seen as a whole as the most frequent cases for poverty in Cambodia.

This is likely happen the same to fish farmers. Since their income tends to be higher than aquatic plant growers, the private health service is their preference though self treatment is applicable for their minor skin problems. It is fortunate for all AFPS communities as the community health service is often operated though initiation of NGO’s and attracts some farmers especially the worse off to go there.

4.1.8 Future of AFPS in the next 5 years

· Perception of Future Change to AFPS

The farmer’s perception on the future of their production systems was measured through farmers’ anticipation if their production system would change in the next 5 years. Figure 4.26 illustrates that half of water spinach farmers in waste water area expect to stay unchanged with their current status of the production system whilst another one third  hesitate to tell about what will happen to their production as the future of the lake is uncertain. Similarly between Kbal Tumnob and Thnout Chrum, about 20% of the households perceive negatively that they would decrease their production area as part of their land would be taken back by owners for other development purposes. Yet, about 10% expect to increase their production area and a similar proportion think of an increase in the intensity of their production of water spinach while only a minor proportion perceive that they may abandon their production since their profit becomes less year by year caused by the increase in costs of inputs and pest destruction and water pollution. Decreasing productivity is also another perception of the farmers as they associated this with the increasing level of contamination of the wastewater as a result of increase of urbanization and surrounding industries in the near future.

Figure 4.20: Perceptions of aquatic plant farmers on the future of their production
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For fish farmers in all surveyed areas as indicated in Figure 4.20, none of them expressed the idea of abandoning their fish farming in the next 5 years although some complained of high fish mortalities due to unknown diseases, water pollution and the probability of land owners stopping renting out their land. In Chraing Chamres which is a village nearby the river, perceptions of fish farmers in waste water are a bit different from fish in non waste water. About half of fish farmers (42%) in non waste water confirmed that their production will not change in the next 5 year while 26% felt it will decrease. Only a minority (less than 10%) think of the possibility to increase their production area and productivity. Unlike fish farmers in non waste water in the same village as every one of them give different ideas of their production future but only 1 of them (17%) perceived negatively for the decrease of production area among many other positive looking at their future. In general, though fish production in Chraing Chamres is likely to be not much disturbed by urban development, sources of water for fish farming seem to be a big concern however and improved techniques in fish culture and disease control seem not to be available when the loss of production occurs to their farms.

Figure 4.21: Perception of fish farmers on the future of their production
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Figure 4.21 also depicts the perception fish producers in Duong village which is the furtherest peri-urban area from the city amongst surveyed sites. As there is a vast source of natural water from the nearby lake and the river that could be highly depended on by fish farmers here, many of them (49%) think their activities will not change in the next 5 years. Further, many of them have a positive perspective of increased intensity of their fish farms as well as increased productivity of the fish production though some wage earners/labourers who do not own the farms express their fear of decreasing production when lands are taken back by the owners for other purposes.

Conversely fish farmers in Muoy village where they are challenged with increases in water pollution, about 30% of them think they will increase production intensity and some (20%) expect to increase the production area and productivity, while a similar proportion express their fear that the fish productivity will fall down in the next 5 years due to associated increased volume and level of contamination of water from urban discharge into the lake.

· Perception of Future Threats to AFPS
Table 4.23: Perception of Threats in the future

	Village
	Production System
	Dise-ase
	Pro.loss due to pollution
	Land use change
	Declined Market/ price
	Increase of inputs
	Health effect
	Don’t know

	Kbal Tumnob (n=73)
	Water spinach
	18%
	27%
	23%
	7%
	1%
	3%
	10%

	Thnout Chrum (n=60)
	Water spinach
	12%
	10%
	12%
	17%
	2%
	3%
	25%

	Muoy (n=14)
	Pangasius - WW
	14%
	14%
	0%
	0%
	29%
	0%
	29%

	Duong (n=28)

 
	Clarias-non WW
	25%
	0%
	25%
	13%
	13%
	0%
	25%

	
	Pangasius - NWW
	20%
	0%
	0%
	10%
	25%
	0%
	15%

	Chraing Chamres (n=25)

 
	Pangasius - NWW
	16%
	0%
	0%
	37%
	16%
	0%
	21%

	
	Pangasius - WW
	17%
	0%
	0%
	50%
	17%
	0%
	33%


Note: WW= waste water, NWW= non waste water

The threats anticipated by the AFPS farmers for the next 5 years could be a good explanation behind the perspective of changes in their production. These future threats could reflect the observation of farmers on the changes that brought them to a particular perception.

The results in Table 4.23 from the survey shows that production loss due to increase of water pollution in the lake on which they are growing water spinach and land use change as often part of the lake could be seen being filled up (land fill) for other development purposes, are increasingly amongst  the concerns of the water spinach producers in Beung Cheung Ek area beside diseases and pests affecting their growing plants, though there is a slightly different perception amongst the two villages (Kbal Tumnob and Thnout Chrum). Nevertheless, some of them are still unable to predict what would happen in the next 5 years since the recent situation is still uncertain. The decline in market access as well as the market price of the water spinach are two other threats in the next 5 years predicted by the aquatic plant producers as they can see that the number of aquatic plants producers is rapidly increasing through the last 5 years and they would fear  this continued increase and thus over supply would cause the price to begin to drop in the near future.
[image: image27.jpg]



Photo 4.2: Concentrated waste water during the dry season, 
at waste water inlet to the BCE lake

In Muoy village, the most common concern for fish producers in the smaller waste water fed lake (Boeung Kok) is the increase of inputs for their production (29%), which is likely to be rice bran for feeding and the cost of treatment when disease outbreaks bring mass mortality in the next 5 years. From Table 4.23, it is almost the same perception of fish producers both in waste and non water in different communities who mentioned the perceived threat in the near future as disease outbreaks causing fish mortalities and increased cost of inputs mainly feeding and treatment, resulting in loss of profit from the production. Distinctively, Clarias fish producers in Duong village (25%) put most concern on threat of land use change for urban development, whilst Pangasius fish producers in Chraing Chamres (50%) are concerned most in the decline of market price and access for their harvested fish in the next 5 years.

When those farmers were asked for their view of the ways to deal with the above mentioned threats, most of them became reluctant to think about this with most of them saying that they don’t know as these factors in the future would be far beyond their control. Only a minority of them gave their comments on the response to the threat in a straightforward manner. 


4.2. PRODUCTION SYSTEM
4.2.1. Production Holding Facilities and Water sources
The AFPS in Phnom Penh are very specialized depending on the availability of holding facilities, water sources and type of water based in different villages and its location.

Table 4.24: Production holding facilities and water sources

	Village
	Production System
	% Prod.
	Holding Facility (HF)
	% HF
	Water Source (WS)
	% WS

	Kbal-Tumnob (73)
	Water Spinach- waste water
	100%
	Lake 
	100%
	Sewerage and flood
	100%

	Thnout -Chrum (60)
	Water Spinach- waste water
	100%
	Lake 
	100%
	Sewerage and flood
	100%

	Muoy (14)
	Pangasius - wastewater
	100%
	Pen (bamboo/ net) 
	100%
	Sewerage and rain fed
	100%

	Duong (28)
	Clarias/pangasius -non wastewater 
	100%
	Earthen Pond  
	100%
	Lake diversion
	75%

	
	
	
	
	
	River water
	25%

	Chraing -Chamres (25)
	Pangasius – 

non wastewater
	76%
	Earthen Pond 
	100%
	Canal diversion
	26%

	
	
	
	
	
	Lake diversion
	26%

	
	
	
	
	
	Rain fed
	47%

	
	Pangasius - wastewater
	24%
	Earthen Pond
	100%
	Sewage Canal
	100%


Likewise, in our surveyed communities, Kbal Tumnob and Thnout Chrum are two villages located nearby and within the Boeung Cheung Ek lake (3400 Hectares), thus all surveyed households (100%) are involved in AFPS producing water spinach in the lake fed by the city’s sewerage supply in the dry season and sewage supply mixed with river floods in the rainy season (100%). The water in the lake is well known by farmers as well as city people as waste water (Table 4.24). Households surveyed in Muoy village (2 km from the city centre) on the smaller Beung Kok lake are specialized in their fish production mainly culturing Pangasius species in pens made from bamboo or nets under or nearby their houses located on the fringes of the lake.  Some fish pens are totally enclosed by the whole bamboo net and some enclosed by the bamboo net together with part of the lake fringe. The water sources supplied to this system are known to be mainly from the sewage of residences around the lake and city and mixed with rain water during the rainy season. In Chraing Chamres village which is located about 10 km to the north of Phnom Penh, AFPS are specialized in fish production in earthen ponds (100%). Fish production in Chraing Chamres is categorized into two main systems, Pangasius waste water (24%) and Pangasius non waste water (76%). Rain fed (47%) is the main water source for non waste water ponds in that village since some of them have large ponds to preserve/store rain water during the whole rainy season for  use throughout the year. Canal diversion (26%) and lake diversion (26%) within the village are sources for the remaining non waste water ponds while all of the households who culture Pangasius in waste water solely depend on the canal carrying sewage from the city. This is quite different for fish culture in Duong village since plentiful fresh water sources mainly come from the nearby lake (75%) and river (25%), farmers specialize their production culturing Pangasius and Clarias catfish in non waste water ponds for which the continuous supply of water available throughout the year is one of their most important benefits (Table 4.24).

4.2.2. Production Land Use status
·  Land Area for aquatic production
79% of Cambodia’s poor live in families whose livelihood depends upon the agricultural sector. Their lives depend on access to agricultural land (Cambodia National Poverty Reduction Strategy, 2003-05). Peri-urban aquatic food production systems, especially edible aquatic plants, in Phnom Penh are mainly operated by the urban poor who need access to land and water for this aquatic food production to support their livelihoods in the urban environment. The land area for AFPS also indicates the characteristics of each production system while at the same time reflecting the livelihood status of those households involved.

Table 4.25: Average land area used for specific AFPS (area in m2)
	Production system
	Minimum  area
	Maximum area
	Average area
	SD

	Water spinach (n=133)
	60
	55,000
	6010.3
	6744.4

	Pangasius - wastewater (n=19)
	150
	11,248
	2014.8
	3180.3

	Pangasius - non wastewater (n=39)
	150
	40,000
	6729.7
	7854.0

	Clarias-non wastewater (n=8)
	2000
	27,000
	7572.5
	8104.0


In the surveyed communities, land areas for each production system on average are not that much different amongst AFPS. Water spinach production occupies on average 6010.3 m2 which is similar to fish production, 6729.7m2 and 7572.5 m2 for Pangasius non waste water and Clarias non waste water respectively. Fish producers in waste water use the smallest average land area (2014.8 m2) since the majority of their fish culture is in net pens (Muoy village) demanding a smaller water area for their production, additionally, the land price in Muoy village is likely to be highest compared to the other surveyed communities (Table 4.25) since the village is located so near to the city centre.

However further analysis should be carried out with different categories of land area in order to determine the clearer characteristics of land use of AFPS since there are large ranges between minimum and maximum area  and also the standard deviation (SD) of the land area.


Figure 4.22: Land area used for specific production by categories
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In Figure 4.22, the pattern of land/water area used by each AFPS is observed as not different between water spinach production, Pangasius and Clarias in non waste water (statistically tested at 95% of confidence level). The different case could be observed between Pangasius in waste water to other production systems in which the majority of these Pangasius waste water households use land areas of less than 1000 m2 for their fish pens as this was mentioned earlier due to availability of the land and its relatively high price. Beside Pangasius culture in waste water, the general characteristics of land area described is that more than 50% of surveyed households accessed/used land/water areas between 1000 to 5000 m2 followed by 5000-10,000 m2 and only a few use land of more than 10,000 m2.

· Ownership status of Aquatic Production land 
Figure 4.23: Production land ownership status 
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Figure 4.23 depicts that amongst water spinach producers most of them  (62% rent in land) from other households or land owners in the city for their production purposes while only 29% use their own land and the other 10 % used both their own land and renting in more land for expansion of production. This could indicate the lower status of water spinach producers when they are not able to afford to own the land for the production. Since the migration status of the households is not likely the associated case, it becomes clear for the assumption that the low ownership of production land in the lake by these HH’s could be due to previous policy of land tenure before the reform of fisheries by the government of Cambodia where the major part of  Boeung Cheung Ek Lake was understood to be a common property resource preserved for fishing , thus was not accessible for ownership but now these land/water areas in the lake have become increasingly accessible to private ownership but are not affordable for the aquatic plant growers/urban poor to buy  due to their rapidly increasing prices.

A similar proportion of surveyed households who rent in land is observed with Clarias catfish non waste water producers as most of them rent in land
 (72%) against 15% which own the land and 10% both own and rent in land . This high proportion of those who rent in land for their pond culture results from their migration status since most of them were not originally settled in the village (one third of them are Vietnamese ethnics), they just come to rent in land for their production when the opportunity of pond fish culture was available and attractive during the early 90s. Since this type fish production has become an income earning activity which returns them a good profit, many of them have become interested to own the production land in order to ensure the continuation of fish culture. Table 4.26 illustrates that half of the households who rent in land for Clarias non waste water production are migrated Vietnamese ethnics.

Table 4.26: Ownership status and ethnicity

	Production System
	Ownership status
	Ethnicity

	
	
	Cham
	Khmer
	Vietnamese

	Clarias-non wastewater
	Own land
	0%
	33%
	67%

	
	Rent in land
	0%
	50%
	50%

	Pangasius - non wastewater
	Own land
	29%
	71%
	0%

	
	Rent in land
	26%
	53%
	21%


The above Table 4.26 also indicated production land ownership of Pangasius production in non waste water as half of them who rent in the land are observed as Vietnamese and Cham ethnics who account for 21% and 26% respectively. In other words all Vietnamese involved in Pangasius non waste water rent in land for their fish production (Table 4.26) 

The other half of them who own their production land which is high compared to Clarias non waste water are associated with a pattern of land acquisition as illustrated in Figure 4.24 below. Some of their production lands were inherited and distributed by the authorities at commune level. Similar to the Clarias non waste water producers, the farmers in Pangasius waste water culture are expressing their concerns on the uncertainty of their AFPS continuation as a result of the absence of land ownership and the short term of lease contracts (less than 5 years). Many of them expected that the land owners would increase the lease fee when fish culture becomes more profitable. 

The highest proportion of AFPS households surveyed  who own their  production land are those farming Pangasius in waste water system (Figure 4.23) in which most them operate their net pen culture in the smaller waste water fed lake (Boeung Kok Lake). As mentioned in an earlier section, all of them are holding their private ownership on their household as well as production land in the manner of pen culture. However some households can also afford to rent in part of lake area of their neighbours for expansion of their fish pen culture.

· Production land Acquisition
Figure 4.24: Land acquisition methods for those who own AFPS production land
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Figure 4.24 features the pattern of land acquisition of the households who own the particular land for their AFPS production. Most of the acquisition was from buying - 100% of Clarias non- waste water producers followed by Pangasius waste water 92%, Pangasius non- waste water (68%), and Water spinach (65%). This pattern of land acquisition perhaps reflects the households’ migration status as well when some who have their previous generations living in the village tend to receive their ownership of the land though inheritance or distribution by authorities.

Figure 4.25: Production land title status
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Another concern on land ownership status is associated with land titles. The legal title is recognized as a safe and secure form for private land holding. Generally occupancy licenses and paper from the land vendor are still in improper/non legal forms although this could be an evidence as requirement for the land title registration process which is being carried out by the Land Management and Administration Project (LMAP) under the Ministry of Land Management, Urban Planning & Construction. It is the commonest concern for surveyed households in Kbal Tumnob and Thnout Chum  (water spinach producers) when about half of them are holding their own land (as claimed by themselves) without any proof of titles (Figure 4.25). Therefore, this could be a threat for future of the AFPS since those farmers are uncertain of their security and thus future plans for their farming activities. 
· Seasonal Aspects of renting in land for AFPS

[image: image68.bmp]
Seasonality does not appear to greatly affect the renting in of land for culturing fish and aquatic plants in peri-urban Phnom Penh. Perhaps it only affects water spinach production households resulting from their short term lease agreements with land owners, which are often less than one year. However it is observed that some farmers themselves prefer to have short term leases, mainly per season as they try to avoid the risk of a break in production during the months of the highest flooding levels. Land rented for water spinach production tends to increase either in the number of households or area during the period of monitoring 3 (Nov-Feb) which is the appropriate time to start their production again after a big flood and low vulnerability of loss of production since the improved water quality and less intrusion of pests. Conversely, fish culture does not seem to be affected by seasonality of renting land, nevertheless most of those who totally depend on renting land are mostly concerned by the possibility of  land owners stopping renting out their land since their lease agreement is only for a basic one year offering the fish farmer little security of land tenure.. 

4.2.3. Estimated Production of AFPS

· Water spinach Production
The surveyed households growing water spinach in Boeung Cheung Lake produce on average 7.4 tons per household per year when they estimated their production in year 2003 in our survey. Most of the surveyed households estimated their production of aquatic plants as within 5 to 10 tons per year. Only a minority of them told us   their production was more than 10 tons, with a very few households producing more than 40 tons per year (Figure 4.26).
Figure 4.26: Estimated Annual Production of Water spinach per surveyed HH
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The relationship between production and accessed land area for this aquatic plant growing is depicted in Figure 4.27 below. Farmers in Boueng Cheung Ek Lake seem to have a preference for the best management of the production system using growing plots of within 5000 m2. Most of them tend to produce within 5 to 10 tons per household of aquatic plants within the above mentioned plot and some households could produce within 50 to 100 tons per household per year. However some households when they manage much larger plots of more than 20,000 m2 (2 ha) their production might not be increased accordingly perhaps due to inappropriate management in terms of labour and inputs to production or probably part of their land is towards the central area of the lake likely as observed very far from their houses and more vulnerable to plant drifting by windsurf.

Figure 4.27: Relationship of water spinach production and accessed land area
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Despite this, good evidence of high production of water spinach is presented by some households who could harvest their plants up to 500 tons per year with the same land area occupied to their village neighbours eg 5000- 10,000m². They related that they could harvest about 200 kg in every single day throughout the whole year but to achieve this they needed proper management of the plants and appropriate techniques in maintenance of plant quality from negative impact of contaminated water and intrusion of pests. These two higher production HHs recorded should be viewed with caution as it is not certain that they are strictly accurate and  valid as they are considerably higher than 98% of the other HHs interviewed.  (Note: Methods for  growing aquatic plants in Phnom Penh and the three other Papussa study cities  can be found in the Papussa projects Aquatic Plant Growers  Users Manual  which is available as a  project publication on the website www.papussa.org ). 
· Fish production 

Amongst fish production in the survey areas, Clarias in non waste water ranks the highest production as estimated by the farmers in the year 2003. As illustrated in Figure 4.28, about 30% of farmers produced 10 to 20 tons and another 30% produced 20 to 50 tons, further to this, some of them (20%) could harvest more than 50 tons per year which is the highest followed by Pangasius production in non waste water and Pangasius waste water in ponds.  Pangasius culture in waste water operated in pens in Boeung Kok Lake is observed as the smallest production compared to other fish production probably due to its relatively small areas used.
Figure 4.28: Estimated Annual Fish production per surveyed HH
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 Further analysis of production and land area is depicted in Figure 4.29 below. 

Figure 4.29: Relationship of fish production systems and accessed land area
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Note: the dotted line represents the point of axis line at value of 500 sq.m

The Figure above illustrates that most of the Pangasius producers in waste water pens produce around 3 to 5 tons with the pen size within 500 to 1000 m2, compared to other production systems that produce a similar amount though they occupied more space of land for their pond culture. Through statistical tests, it evidences the significant correlation, as those fish farmers tend to increase their amount of harvested fish when they occupy more area for both pen and pond culture (Figure 4.29).

Figure 4.30: Average yield of AFPS per studied HH
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Again, Figure 4.30 gives clear evidence to prove that water spinach has the highest productivity (5 ton/ha/year) followed by Clarias non waste water (4.34 tons), Pangasius waste water (3.67 tons), and Pangasius non waste water (3.44 tons). Although the difference amongst fish production is not significantly observed in terms of yield, it should be noticed that fish production in waste water somehow produces a similar yield to other fish production systems in non waste water, as suggesting that pen culture in waste water could represent a good practice of waste water based aquaculture and something that could be developed and expanded on in the future.
· Production Income of AFPS

Since 1993 after the first election for the democratic government, Cambodia has enjoyed sustained economic growth of an average of 5.5% annually, with the exception of 1997-98 following the Asian financial crisis and domestic political problems. The Annual per capita income in year 2002 is estimated 297 US$ (National Institute of Statistics, Ministry of Planning). The Cambodia socio-economic survey in year 1999 confirmed that the average annual income in rural areas was less than one third of Phnom Penh residents (Rural 197 US$ per annum, Phnom Penh 691 US$ per annum).
Figure 4.31: Annual income of AFPS
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From the results of the survey, income levels of from water spinach production of HHs in Boeung Cheung Ek lake area, are mostly found to be  within 200-500 US$ per annum which is reflecting their relatively lower income level amongst other urban sectors of Phnom Penh. However, less than one third of them rank their income from water spinach production amongst 500-1000 US$ and only a few can afford to earn within 1000-5000 US$ which is already a good income for medium wealth level households. In contrast, fish producers tend to have higher incomes from their fish production than water spinach households do from their plant production as the majority of them rank in the  1000-5000 US$ category and some (about 20%) obtained  5000-10000 and even 10,000-30,000 US$ per year. The latter income rank is much appreciated to allow them a better off life. Amongst these Pangasius producers in non waste water earn the highest annual incomes when they tend to have a good management system on 5 to 10 ponds within about 1 to 2 ha of land, followed by Clarias non waste water and the smallest annual income for Pangasius in waste water, however as already mentioned that this would depend on the different land areas accessed by each production household, since their productivity (yield/ha/year) is very similar. Although most of these fish producers are enjoying their satisfied income from their AFPS, yet some of fish producers in waste water (25%) rank in the lower income level (200-500 US$ per year) The lowest proportion of fish producers (5%) but considerable proportion of water spinach producers (20%) are both themselves in the lowest income level of lower than 200 US$ per year which could result them in a very hard life in the city. They would rather consider themselves as rural farmers referring to this income level, nevertheless they have other additional sources of income which would help to sustain them in the city. 

It should be noted that our survey tended to observe the income from AFPS only since the understood complexity derived from diverse occupations amongst households members would result in under reporting of the household income as quite often the interviewed household head hardly mentioned the income from other sources earned by their other household members.

Since income is the main purpose of the production, we would be keen to know how those incomes from their AFPS production could contribute to their total household income. The finding could also reflect the important role of AFPS in peri-urban aquatic farmers.

Table 4.27: Contribution of AFPS to household income

	Village
	Income Activities

	
	Farming aquatic vegetables
	Farming fish

	Kbal Tumnub (n=73)
	85%
	

	Thnout Chrum (n=60)
	79%
	

	Muoy (n=14)
	
	52%

	Duong (n=28)
	
	89%

	Chraing Chamres (n=25)
	
	90%


Table 4.27 confirms that farming aquatic vegetables, mainly water spinach as the AFPS, is the main source of income for the AFPS households in Boeung Cheung Ek as it largely contributes to 85% and 79% for Kbal Tumnob and Thnout Chrum respectively for their total household incomes. Similarly for fish production, 89% and 90% for Duong and Chraing Chamres respectively contribute to their fish producers’ household incomes. The exception could be seen in Muoy village (only 1 km from city centre) where fish production in waste water is not their only main source of income since the contribution is observed at 52% only. Actually based on their number of income sources and availability of other high paid employment in the city, this would become true to say that other additional income sources could contribute equally or more than their fish farming income.

4.2.4. Production Labour
· Number of Labourers per AFPS household 

The family labour force has played an important role in agricultural production both in the development of the local economy and in supporting their livelihoods and families. For households producing aquatic food in peri-urban Phnom Penh, the labour force needed to support their main economic activities ranges on average from 4 to 6 persons per household based on different production systems and activities. The 3 main occupations which often contribute mainly to household incomes and require more household labour on a regular basis are described in AFPS households as farming aquatic plants, farming fish, and raising livestock. 

In the survey, household labourers were observed as being used through different time periods of the year (within the 3 rounds of the monitoring surveys). As illustrated in Figure 4.32, farming aquatic plants requires a slightly different annual pattern of labour use compared to farming fish.  Aquatic plant producers have an average of 4 persons working on their systems of which 2.5 persons are unpaid family members and the other 1.5 persons are outside paid labour. This labour requirement remains the same throughout the year. Fish farmers have  not more than 2 people from their own households  working on their farms but this system requires more outside paid workers - on average  3 persons adding up to total of  5 persons required to work on each farm. From this analysis we can conclude that compared to aquatic plant farmers fish farmers require marginally more permanent labour throughout the year – however both farming systems (fish and aquatic plants) in peri-urban Phnom Penh have the benefit of producing food as well as directly employing and supporting the livelihoods of a considerable number of people whilst also indirectly providing incomes for those transporting and marketing the aquatic products.

Since aquatic plants and fish production labour forces are not really affected by seasonality, raising livestock (pigs) which is another additional income for AFPS households command different labour forces in different times of the year. They require more labourers during Monitoring 2 (Aug-Nov) and Monitoring 3 (Nov-Feb) as this was observed during the PCA (the seasonal calendar) that they spend more time  looking after livestock to catch up the schedule of harvesting during the month of November until January as this is the period of many national events, weddings, and the Chinese new year. 

Please note that it becomes more complicated to find out the reality of how labour is utilised between households/farms when the household members are the labourers for their own family farm whilst they could also be working as labour on other households farms as well. This phenomenon was observed in different cases between water spinach production and fish production. Water spinach farmers often hire additional labour from other households in the same village when they have more products to be harvested and in return they would work as paid labour to other households when they become needed and their own plants are due for harvesting. Conversely for fish farming, the labour tends to be fixed throughout the year, with paid workers being hired from other villages or outside provinces to work as monthly salaried staff on the farms.

Figure 4.32: Ratio of household and outside (paid) labourers for different AFPS and other income earning activities throughout the year
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  a). Farming Aquatic plants           b). Farming fish                   c).Raising Livestock

· Number of working days per week

Figure 4.33: Number of working days per week for different AFPS and rearing livestock
[image: image39.emf] 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

Faming aquatic plant Farming fish Raising livestock

No. days/week

Monitoring 1 (May-Jul) Monitoring 2 (Aug-Nov) Monitoring 3 (Nov-Feb)


In Figure 4.33, the number of working days per week is observed as almost the same amongst aquatic plant producers and fish producers. However both of the aquatic production systems tend to require more working days per week during monitoring 2 (Aug-Nov) and monitoring 3 (Nov-Feb). It was observed in the PCA in aquatic plant growing communities that monitoring 3 (Nov- Feb) is the period of starting the new cycle of aquatic plant production as new plant rafts or rope networks would be set up to replace the old ones after suffering from damage during high floods, strong water currents and adverse weather conditions occurring between September and October annually. The market demand for aquatic plants was also reported as being high during this period taking the occasion of absence of other land vegetable products as a consequence of high risk from pest destruction, thus the aquatic plant products would command a high price during this period.  
For fish production, monitoring 3 (Nov-Feb) is likely the regular period of harvesting their farmed fish and start the new production cycle for which extra labour and more working days per week are needed for harvesting fish and preparing ponds for the next cycle. The huge supply of wild fish catch from the natural water resources mainly from Tonle Sap Lake results in the low demand of cultured Pangasius fish in the market supplied by most producers at this same time. Despite this, fish producers do not tend to regulate their harvesting time since they are not based much on the market demand but rather still depend on the seasonality of availability of wild fingerlings and supply of trash fish for feeding before the harvesting period. Different from other income earning activities, raising livestock demands working each day per week throughout the year for daily feeding, cleaning and upkeep etc.

· Labour by gender
Figure 4.34: Production Labour by gender
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In Cambodia, nationally 65% of the farming population is female and 80% of these women work in the agriculture sector (SAWA, 1995) and a similar figure was observed again by ADB in 2001 as 64.4 % of labour forces were women. The Secretariat of State for Women’s Affairs 1995, noticed the participation of different genders in rice cultivation as the first stages of production are male designated and the latter stages female designated. In addition, women were much more responsible for marketing the agricultural products in local markets. 

In our survey of growing fish and aquatic plants, it is not surprising to find that the ratio of female and male labourers is fairly similar. However, it is observed that there is more chance for women to get involved in aquatic plant production rather than fish production as most of their work is associated with plant harvesting and selling (RUA/UOS, PCA, 2003). Fish production commands more male labour for maintaining farm operations. However, male labour was also subsequently needed to support activities in growing water spinach such as setting up pole and raft networks and spraying pesticides. 
· Labour by age group
Figure 4.35: Production labour by age group
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In Figure 4.35,Young adults (less than 21 years old) are found to be more involved in morning glory production than in fish production, perhaps this job is more tolerant to young unskilled workers and as well as labourers less than 21 years old. Also it appears that children from morning glory growing households are often involved (unpaid) on a part time basis in production or harvesting activities which would be a benefit and reduction in costs for the farmers. Fish production tends to demand more skilled workers with older ages. 

4.2.5. AFPS production and inputs
· Seasonality of Fish harvested and inputs
Figure 4.36: Seasonality of Fish Production 
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In Figure 4.36, Clarias production seasonality was mainly based on the input intensification managed by producers as it needed only 3 months per crop. They tend to intensify their production in the season where other species were less produced perhaps in order to meet the market demand in the appropriate period, unlike Pangasius where the production cycle is more fixed and they tend to harvest specifically at the beginning of year (Monitoring 3). 

Figure 4.37: Seasonality of Fish Feeding
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In Figure 4.37, the seasonal production is found to have a very close relationship with seasonal inputs. The inputs are more intensified with fish pellets, protein adding to regular feeding of rice bran and trash fish for Clarias production in Monitoring 1 and 2 but reduced in monitoring 3 perhaps they intentionally slow down the production giving this occasion for Pangasius producers to dominate their cultured products in the market. Although Pangasius farmers use fish pellets it is only at the fingerling stage. Pangasius producers tend to intensify inputs as mainly the trash fish for feeding during monitoring 3 as they become closer to the period of harvesting. It is observed that fish inputs for Clarias catfish farms are more intensified than Pangasius production since the production of Clarias is shorter (3 months) to reach the required market size (about 0.5 kg per fish).  However it is difficult to analyse the production of Pangasius in wastewater as their inputs were mainly based on canteen waste. Although most of Pangasius waste water producers input fish pellets, trash fish and rice bran for fish feeding, the amount of inputs are observed as lower compared to other fish culture systems.   


Photo 4.4: A farm worker is mixing trash fish and 
rice bran for formulating fish feed

Figure 4.38: Seasonality of fish production inputs
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Inputs to the AFPS in Phnom Penh are mainly described as lime, medicine for fish diseases, salt, and some non organic fertilisers such as Urea, etc. Lime and medicine are much more important than other inputs for fish farmers. Lime and medicine are often used when they find the water quality to be declining. It was found that medicine is applied most by clarias producers in monitoring 1 (April-July) when the weather becomes hot and the start of rainfall and again in monitoring 3 (December- January) as they experience the most disease outbreaks during these periods. Pangasius in non waste water producers have the lowest inputs in their production in term of medicines and fertilisers as they don’t have problems with water quality and thus are less affected by disease outbreaks.
· Seasonality of water spinach harvested and inputs
Figure 4.39: Seasonality of water spinach production  [image: image45.emf]Mon 3
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Water level of Tonle Sap River, Phnom Penh station (source from MRC, 1995-2002) 
The production of water spinach is very seasonal as it is affected by many factors including flooding level, rainfall, and pest intrusion. Throughout the Monitoring survey, it was found that the production of water spinach is at its peak during Monitoring 1 (May –July) (Figure 4.39) as it was the beginning of rainy season when there were more spaces in the lake and the  initial flood waters coming into the lake increased growth and thus production. The contamination of wastewater subsided due to mixing of river water and rain water with the city’s sewage discharge which in turn increases the productivity of the aquatic plants. This also led to reduction of all chemical and pesticides used by farmers particularly the plant conditioners applied to the production systems.

The extreme decline of water spinach production during Monitoring 2 (August – November) was the result of big floods brought in with wind, strong flow currents and dominance of water hyacinth growth on the water surface. Almost half of the farmers stop their aquatic plant production during this flooding period and some who were immigrant labourers returned to work in their paddy farms in the surrounding provinces for the paddy field preparation. 

Water spinach production climbed up again during Monitoring 3 (Nov-Feb) when more space became available. However during the period of Monitoring 2 and 3 the plants were more vulnerable to pests and hot weather, which can lead to a declined quality of the production as more pesticide and conditioner use is becoming increasingly favourable with farmers (Figure 4.40). The production of plants declines more and more until the end of the dry season which is in reality in May.
Figure 4.40: Seasonality of Inputs to water spinach production
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Photo 4.5: Right- BCE Lake during dry season (photo taken in month of March)

        Left- BCE Lake during flooding (September-December)

4.3. INSTITUTION AND POLICY
4.3.1. Institutional membership
Table 4.28: Institutional membership Household members by production system
	Village
	Production system
	Educational support group
	Micro-credit group
	Other NGOs

	Kbal Tumnub
	Water spinach-
	6
	3
	1

	 (n=73)
	wastewater
	8.2%
	4.1%
	1.4%

	Thnout Chrum
	Water spinach-
	7
	2
	3

	 (n=60)
	waste water
	11.7%
	3.3%
	5.0%

	Muoy
	Fish-
	0
	0
	1

	 (n=14)
	 wastewater
	0.0%
	0.0%
	7.1%

	Chraing Chamres
	Fish- waste and
	0
	0
	0

	 (n=25)
	 non wastewater
	0.0%
	0.0%
	0.0%

	Duong
	Fish- 
	0
	0
	0

	 (n=28)
	 non wastewater
	0.0%
	0.0%
	0.0%


The results from the survey in Table 4.28 indicate a quite limited involvement in institutions of those AFPS producers surveyed. Only 22 out of 133 households producing water spinach are involved in institutions mainly the education support group providing them the benefit of education support for their children followed by a minority applying for micro-credit, and youth unions allowing them to get loans essentially for their production systems. According to our initial Intuitional analysis report in year 2003, it was observed that besides the legal government institutions which have unclear roles and responsibilities related to urban aquatic systems in Phnom Penh, many NGOs have been operating in the Boeung Cheung Ek area such as the Reproductive Health Association of Cambodia (RHAC), youth groups, Caritas, Maryknoll and so on which are working on the health service and awareness, and some are working as religious missionaries, however, the farmers  tend not to consider these as institutions even though they are already their listed members. This could be associated with their fear and loss of trust in them originating from a very long civil war in the country, and they often need a quick direct benefit especially the credit funds for their production initiation and expansion.

Fish producers (7.1%) were very limited in their institutional membership as only a very few NGO’s asked them to get involved in their technical research. This low involvement was likely to be associated with fear of sharing their information resulting from a loss of trust between farmers and institutions working with them and frequently projects did not involve them in making decisions for their own benefit.

4.3.2. AFPS training and Information
Figure 4.41: AFPS training for household heads
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Amongst both water spinach and fish producers illustrated in Figure 4.41, few of them received Aquatic food production system training while most of them have learned their production and management methods from relatives or neighbours. Only a few of the water spinach producers reported that they used to receive some training on aquatic plants management and pesticide/fertilizer application. A few of the fish producers in the villages along the Tonlé Sap river (Chraing Chamres and Duong) used to received AFPS training on fish farming and hatchery operation. On the other hand, fish producers in Muoy village have never received any training on their fish production. 

Table 4.29: AFPS information accessed by farmers

	Village
	Survey Period
	Fish culture technique
	Livestock raising technique
	Human health problem

	Kbal Tumnub (n=73)
	Mon 1
	0%
	0%
	3%

	
	Mon 2
	1%
	0%
	0%

	
	Mon 3
	1%
	1%
	2%

	Thnout Chrum (n=60)
	Mon 1
	0%
	0%
	2%

	
	Mon 2
	0%
	5%
	3%

	
	Mon 3
	0%
	0%
	2%

	Muoy (n=14)
	Mon 1
	7%
	0%
	0%

	
	Mon 2
	7%
	7%
	14%

	
	Mon 3
	0%
	14%
	0%

	Chraing Chamres (n=25)
	Mon 1
	0%
	0%
	4%

	
	Mon 2
	12%
	16%
	16%

	
	Mon 3
	0%
	4%
	0%

	Duong (n=28)
	Mon 1
	0%
	0%
	0%

	
	Mon 2
	7%
	11%
	0%

	
	Mon 3
	4%
	0%
	0%


As presented in Table 4.29, the number of Household heads who access AFPS information was observed in 3 rounds of the monitoring survey throughout the year. Again the results show very limited number of household who accessed AFPS information. Only 2-3% of the  aquatic plant growers interviewed in Kbal Tumnob and Thnout Chrum obtained AFPS information mainly on human health problems and information on technical know-how for raising pigs, from local officials and NGOs as well as the people themselves finding this information from Radio, TV,  and their neighbors. None of them received technical information on aquatic plants production.
For fish producers, about 10% of them obtained AFPS information on fish farming techniques. However amongst those fish producers interviewed they reported that their fish farming technical information was obtained through television programs and their neighbours only. 
For both aquatic plant and fish producers who did receive or find information it appeared that seasonally they received more in Monitoring periods 2 and 3 which is from August to February, however it is not known whether this is significant perhaps it could relate to the busier times in their production cycles Otherwise from above table although still minimal fish farmers appear to receive more technical information about fish farming than aquatic plant growers do about growing aquatic plants. It is noted that those farmers interviewed do not only receive technical information but they also looking themselves for  information but the known sources appeared only to be their relatives or neighbours since they don’t know where else to approach for other sources
4.3.3. Government AFPS support needed by farmers
Table 4.30: Type of Government AFPS support needed by farmers/household heads surveyed involved in AFPS
	Village
	Survey Period
	Agricultural extension
	Fisheries extension
	Health Safety

	Kbal Tumnub (n=73)
	Mon 1
	7%
	1%
	4%

	
	Mon 2
	16%
	1%
	0%

	
	Mon 3
	5%
	0%
	0%

	Thnout Chrum (n=60)
	Mon 1
	3%
	2%
	2%

	
	Mon 2
	25%
	0%
	2%

	
	Mon 3
	5%
	2%
	0%

	Muoy (n=14)
	Mon 1
	21%
	14%
	0%

	
	Mon 2
	43%
	21%
	0%

	
	Mon 3
	29%
	14%
	0%

	Chraing Chamres (n=25)
	Mon 1
	4%
	11%
	0%

	
	Mon 2
	11%
	29%
	0%

	
	Mon 3
	7%
	25%
	0%

	Duong (n=28)
	Mon 1
	8%
	12%
	0%

	
	Mon 2
	20%
	40%
	0%

	
	Mon 3
	16%
	16%
	0%


When the interviewed farmers were asked if they had joined in any government or community sponsored activities, only a very few of them (less than 1%) reported about their attendance in  health programs while none of them informed of any other sponsored activities.  This could be concluded that during the year of this survey only a few government or community sponsored activities, perhaps only health programmes, were provided to the peri-urban surveyed communities. However we also were interested to know what kind of government AFPS support was needed by the farmers themselves. Consequently with a certain trust, the majority of them seemed hesitate to respond to this question on what they need from the government institution to support their AFPS (Table 4.30) – perhaps because nobody had ever asked them before. Most of them did not wish for any action of support from the government, only some of the water spinach producers perceived that government should help them increase their production with agriculture extension and health maintenance, while some fish producers needed fisheries extension. 

CHAPTER 5

 CONCLUSION

The Baseline and Monitoring survey was carried out with 200 households selected from four different communities in the peri-urban area of Phnom Penh (2-10 km from the city centre) with the overall objective to produce an in detail holistic overview of the households and people involved in Aquatic Food Production Systems (AFPS) ie growing fish or edible aquatic plants. Although a valid comparison between aquatic production farmers and other income earning activity members of the same communities could not be conducted from our findings due to our sampling regime, however efforts were made to   make comparisons as much as possible using a variety of secondary data sources obtained from the national statistics, organizations and many other projects. 
As far as to achieve the objective, a general picture of AFPS farmers’ livelihoods and their aquatic production status in Phnom Penh has been  produced and our main  conclusions from this considerable survey and its analysis can be  described as follows:

· AFPS is associated with urban poor

Aquatic plant producing HHs commonly have HH membership sizes of 8-10 persons which is larger than fish producing HHs ( 4-7 persons) which is marginally greater than the urban HH size from national statistics (CIPS, 2004) which is only 5.4. This larger HH size becomes a burden for them to struggle with their aquatic plants cultivation as their main source of income therefore they have to diversify their income sources to support their households when income from AFPS is still limited. Education of HH heads and HH members is another indicator of the socio-economic status of different AFPS. Education levels of HH heads and HH members of aquatic plant producers are generally lower than that of fish producers. In general education levels of AFPS household members is rather low as many of them were only educated to primary school. This may be a problem for them to take up new technical information and new technology for their production system improvements. Furthermore, female members are less educated than male as culturally families prefer to give their male children a good education compared to their female counterparts. This often leads to an inequity in accessing information and services by the female though they are very actively involved in AFPS similarly to men as well. As regards to HH type and construction relating to wealth status, AFPS HHs have medium and poor HH type which has a higher percentage compared to the corresponding house type of temporary and semi-permanence categories reported in Cambodian inter-sensal population survey (2004). Probably this indicates the perception of those farmers for their fear of residence removal/ replacement due to urban development and forced re-location thus their reluctance to invest more money in the permanence of their houses. However poorer house types and construction is found more with aquatic plant growers than in fish producers. 
· AFPS are specialised and produce a lot of value
The results of the survey also show a picture of the specialisation and different characteristics of HH’s involved in different AFPS. AFPS in Phnom Penh are much specialised depending on the availability of land/water space, holding facilities, water sources and type of water. HHs surveyed in Boeung Cheung Ek lake are growing water spinach. The HHs surveyed on the smaller more central Boeung Kok Lake are culturing pangasius in waste water. Some of the HHs in Chraing Chamres are culturing pangasius in waste water pond and some in non waste water ponds. 

HHs surveyed in Boueng Cheung Ek produce a significant value of aquatic plants as they can produce 5 -10 ton per HH per year with good management from a plot of 5000 m². However, there are few HHs who can achieve production up to 20 times with the same plot size when they can manage it properly with appropriate techniques based on their many years experience. HHs in Muoy village (Boeung Kok) can produce 3 -5 tons fish with pen sizes between 500 to 1000 m² Compared to other fish production systems in other villages that produce a similar amount though they occupy more area of land for their pond culture. With availability of land and water resources, Chraing Chamres and Duong villages can produce 5-10 tons per HHs of Pangasius and Clarias up to 20-50 tons per HHs which is a large value of income for AFPS in Phnom Penh. Water spinach is observed as having  the highest productivity per unit area over time (5 tons/ha/year) followed by Clarias non- waste water (4.34 tons) and Pangasius waste and non- waste water (3.67 and 3.44 tons respectively). Surprisingly it was found that Pangasius in waste water and non waste water produced similar yields, although they use different types of water.

With the vast amount of aquatic plants produced in Boeung Cheung Ek,  the majority of those urban poorer households are very much dependent on this as they can earn an estimated annual profit of 200-500 US$ per year, and a third of them could earn 500-1000 US$.  In contrast, fish producers tend to have higher incomes than water spinach households as the majority of them rank in 1000-5000 US$ per year and some (about 25%) obtain 5000-10,000 US$ per year which is ten times higher than aquatic plant producers however they need an initial large capital for investment on farm equipment and then recurring input and operational costs as well. 
· AFPS and institutional issue
Involvement in institutions for AFPS producers is quite limited. A few households producing water spinach are involved in institutions mainly the education support group and micro-credit which provide them the benefit in educational support for their children and allow them to get loans essentially for their production. Fish producers were also very limited in their institutional membership as only a few NGO’s asked them to get involved in their technical research. This low involvement was likely to be associated with fear of sharing their information resulted from loss of trust between farmers and institutions working with them and frequently projects did not involve them in making decisions for their own benefit. Moreover, a very limited accessibility of AFPS information accessed by AFPS farmers is observed. For both water spinach producers and fish producers in AFPS, only few of them obtain AFPS information mainly on human health problems and information on technical know-how for raising livestock from the media. Moreover, very few AFPS farmers (less than 1%) reported about their attendance in the health program while none of them informed of any other sponsored activities. Again with a certain lack of trust, the majority of them seemed hesitant to respond on what they need from the government institutions to support their AFPS. Most of them did not wish for any action of support from the government, only some of the water spinach producers perceived that government should help their production with agriculture extension and health maintenance, while some fish producers need fisheries extension. 
· AFPS and its uncertain future perception
Production loss due to the increase of water pollution in the lake in which they are growing water spinach and land use change as often part of the lake could be seen being filled up for other development purposes, are increasingly in the concerns of the water spinach producers in Beung Cheung Ek area beside diseases and pests affecting their growing plants. Nevertheless, some of them are still unable to predict what would happen in the next 5 years since the recent situation is still uncertain. The decline in market access as well as the market price of the water spinach is another threat in the next 5 years as they can see that the number of aquatic plants producers is increasing over the last 5 years and they would fear if this continued  prices would begin to start dropping in the near future. It is almost the same perception of fish producers both in waste and non water in different communities who mentioned the perceived threat in the near future as disease outbreaks causing fish mortalities and increased cost of inputs - mainly feeding and treatment results in loss of profit from their production.

· Future perspectives of AFPS of Phnom Penh 
Throughout this survey, it has indicated a huge demand for aquatic vegetables in Phnom Penh, especially water spinach, which is virtually all produced in peri-urban areas often using wastewater as its main nutrient input. As cheap inputs in combination with the increasing demand in markets give them a considerable comparative advantage in producing and selling large volumes of fish and aquatic vegetables all year round. Not only making incomes to support as most likely the urban poor, the product itself (water spinach)  is a nutritious low-cost crop that contributes very significantly to the food security of Phnom Penh’s population. Results from the various studies within the project indicate that the aquatic vegetables grown in Beung Cheung Ek Lake play an important function in treating the city’s sewage and removing and recovering nutrients before it flows into the nearby Mekong River which also provides indications of the capacity of these systems for cost-effective wastewater treatment.

Although a clear benefit has been seen from the study, this is often associated with its many constraints which lead to uncertainty of future development of peri-urban aquaculture in Phnom Penh. Food safety for the consumer and occupational health risks for those working with wastewater also affects the future potential of growing fish and aquatic vegetables in the city. Although the result of another study (Marcussen, 2005) proves that the products produced from such waste water are safe for consumption in terms of specific heavy metals and biological pathogens, yet the survey indicated a most common occupational health risk as skin problems amongst water spinach farmers working in the wastewater-fed Beung Cheung Ek Lake. This would require a combination of management approaches, e.g. good aquaculture practice (GAP), human exposure control and microbial water quality targets to achieve a totally safe level of health for both the consumers and producers of the products. Increasing contamination of domestic wastewater with industrial effluents is reducing production levels in a number of peri-urban aquatic systems. This also manifests itself in a reduction in quality of the product sold, e.g. water spinach produced using wastewater in the dry season in Phnom Penh is increasingly vulnerable to disease. As a result a significant proportion of this dry season crop is now sold as livestock feed for pigs. The terms of access to land can also restrict the long-term sustainability of these systems. Fish farmers can obtain only one years basic lease for the ponds or wastewater-fed lakes they stock and harvest. Therefore these peri urban fish farmers have no long-term security of tenure and as a result are less likely to invest capital in developing or even maintaining their own systems. From the Papussa case study in Phnom Penh (Khov et al, 2005), a woman renting plots for the cultivation of water spinach in the wastewater-fed Beung Cheung Ek Lake can be forced to move from her plots after a warning period of only two weeks. Moreover, rapid urbanization and industrialization taking place in the peri-uban areas of Phnom Penh could lead to a shifting away of disappearance of this valuable production. 

Such rapid urbanization and industrialization taking place in the peri-uban areas of Phnom Penh could been seen as main future threat for the AFPS as many of those farmers are illegal urban settlers and some tenants which would bring them a limitation in intensification or expansion of the production when they are concerned about shifting away or disappearance of this valuable production due to government‘s decision on the future development of the peri-urban area. As in the case of Boeung Cheung Ek (BCE) lake where many households are living very much dependent on the lake, the municipality set up a plan (Phnom Penh Strategic Orientation by 2020) to reduce half of the area of the lake to make way for a new industrial development, leaving 1500 hectares (the current size is about 3600 hectares) for waste water treatment. However, it is not clear whether and when this could happen - perhaps in 10 years time from now depending on the financial capacity of the government or donors such as JICA, which this would leave the same picture of Boeung Cheung Ek as earlier discussed. The concern would be raised if the reduced narrow area of the lake as planned could serve similarly and as effectively in its  capacity as a bio-treatment area for 80% of Phnom Penh’s waste water as well as industrial and chemical effluents from increasing industrials around the lake. 

Again, if we look at the market demand of the aquatic vegetables supplied in response to the increase of urban population (Aquatic vegetables account for 40% of vegetable production in PP) (RUA/UOS- SOS, 2003), It would be worthwhile thinking if the lake is going to be used for   other development purposes ie -residential or industrial zones and the significant number of households growing aquatic plants in BCE lake are evicted and re-located from their present location .whether this   significant supply of aquatic plants so widely consumed by Phnom Penh’s citizens would be replaced by imports from other newer further removed peri-urban areas or even  from other neighboring countries such as Vietnam or Thailand. 

If the lake is kept to remain at its original size and the aquatic plant production would be allowed to continue thus some aspects involved in production should be improved in order to increase the production and minimize the cost and health risk of the farmers. With the combination of waste water from the city residences and industries around the lake, it results in the increase of deterioration of water quality in the lake- the main source of nutrient for waste water based aquatic production. Leschen (2005) mentioned in the annotated bibliography in Urban Aquaculture that this will depend on city planners’ ability to coordinate and develop strategies for the effective separation of industrial waste effluents from domestic sewage .A small city such as Phnom Penh still has relative flexibility and potential within its infrastructure to incorporate cost-effective, development plans for a long term aquatic production systems. Within this case, the occupation related health, land tenure, and technical support from various government and NGO sectors would need to be more focussed in order to ease the investment required into more beneficial production.

Whatever the municipality would decide for the lake, the option should be given in a good respect to the considerable value of this cheap natural treatment, market supply, income of the people and other employment not only the people working in the farm but to the extent radius of the system such as transportation and market actors, from the collectors at the farm gate to the retailers in the market and as well as the low cost of nutrient for the lower income people in the city. If it was decided that the lake would disappear in the near future, relocation for those households currently living and depending on it should be put into plan from now on. A new suitable area should be set up with adequate provision of infrastructure to attract the people with the existing occupation in aquatic plant production since they may not be ready or able to cope with change of their occupation in the area of different context. Some experience of failure could be already seen when the municipality relocated people from the urban slums to remote areas where they were not be able to make a living in the new area, consequently they sold their land and again moved back and returned to the city.

A similar case of threats from urban construction and development can be observed in Boeung Kok lake. It is not clear whether the city planners would decide to fill up the lake for residential construction or convert this lake to become a city park, however both these plans will force the fish culture in the lake to end when the lake project starts. This would bring those fish farmers to an extending aquaculture area on the city outskirts while they are now competing for the available land area when the land price is increasing, however some of them may look for new occupations if they can retain themselves in  urban areas. Developed road and security of farms from stealing fish is a great benefit can be seen by the urban farmers, yet the concern of available source of water and feeding are limited to expansion of fish culture in those peri-urban areas. The same case is happening to pond fish culture in Chraing Chamres and Duong villages. Fish farmers are expanding their ponds towards the natural lake where the government want to leave this natural lake playing the role as water source for rice farmers in the lower land areas. However the potential of development of this aquaculture using urban waste water will depend on the city planners for their strategies to bring this waste water to peri-urban aresa which give the farmers a huge amount of water resources and available nutrients for both aquatic plant and fish culture. 

From the earlier findings, the survey could be concluded to provide a holistic overview of the Aquatic food production system (AFPS) in Peri-Urban of Phnom Penh. It is anticipated that the above result and discussion will give very useful information to policy makers that need to consider the role of urban aquaculture as part of their policy and planning decisions especially the concern of urban developments relating to aquatic food production in the future. Moreover this information also focuses to address the wide ranging audiences who are direct or indirect stakeholders in urban aquaculture both local and internationally. Based on the objective of the overview, general information of households involved in AFPS, Production system status, institutions and policy regarding AFPS and as well as the discussion on the perception and perspective of the future of APFS in Phnom Penh city are provided in the survey report.

Though with this necessity and its importance of the survey, there are some weaknesses reflected with methodology of the survey. As mentioned earlier that only AFPS households, within the sampling framework were selected for interview, this results in limited possibility to make comparison amongst AFPS and non AFPS households or household members themselves who live in the same area in terms of income, social status, health problem etc. which would be necessary help to bring further emphasized discussion of the results and this is intentional to give a recommendation for the later study.
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Appendix 1: Maps of Phnom Penh land prices, year 2005
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Source: Bonna Realty Group (2005), Phnom Penh, Cambodia 

Appendix 2: Photos
Seyha (Papussa Staff) at HH interview of 3rd Monitoring Survey
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Interview of 2nd monitoring survey at Duong village (with health survey team)
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Mrs Kim Bunthach- interviewee for A case study for article of the Peri-Urban Aquatic Food Production Systems in Phnom Penh, Cambodia in Urban Agriculture Magazine
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Database training in Siem Reap, Cambodia, July 2005
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Phnom Penh Municipality Master Plan 2020
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Water spinach growth in the BCE lake
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� Aquatic plants and aquatic vegetable here in the study mean the same


� Kind of disease that makes water spinach leaves turn yellow  and its stem decayed within a week – thought to be caused by a worm


� Normally children start school at grade or 1st year when they are 6 years old. The delay in starting school may occur to some HH who are poorer or impermanent residences when some children  start school at 8 or 9 and some of the poorest HH’s may not be able to let their children join school at all due to economic constraints.


� In interviewing various Chams at the same study location by Antonio Graceffo (undated) indicate that the ability to read and interpret Arabic was one of the most important issues in deciding who was qualified to be a Mullah. � HYPERLINK "http://www.talesofasia.com/rs-50-cham.htm" ��http://www.talesofasia.com/rs-50-cham.htm� (Date:11/04/06)


� CHAM is a Cambodia's ethnic minority known in Cambodia as the Khmer Islam as their religion is Muslim 


� The categories of house type in this survey were made based on the analysis of criteria combined from wealth ranking of the PCA in those communities in 2003, however the author tends to classify them to correspond with House type of National statistics as in 3 categories- 1)Temporary, 2)Semi permanent and 3)Permanent type.


� Land in this report refers to both land and water, since for aquatic plant production the cultivation is operated in the lake, thus areas of the lake were claimed as being owned.


� It is noted that the land rented for fish culture in Chraing Chamres and Duong village are many of them existed with fish ponds which the renters do not need to invest in pond construction, otherwise if some HHs may need to invest for pond construction in a new expansion land but this case was observed that the renters prefer to have long term lease contract (3 -5 years)
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		Sum of CountOfCurrentUse CD		LandUse ID

		ProductionSystem ID1		Aquatic production		Aquatic vegetable production		Fish production		House		Industrial production		Grand Total

		Morning glory		6		1				1		1		9

		Pangasius - non wastewater						1						1

		Grand Total		6		1		1		1		1		10

		ProductionSystem ID1

		Morning glory		7				2

		Pangasius - non wastewater				1

				Aquatic production		Fish production		Other

		Morning glory		5.3%		0.0%		1.5%

		Pangasius - non wastewater		0.0%		3.6%		0.0%
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Chart2

		Kbal Tumnub (n=73)		Kbal Tumnub (n=73)

		Thnout Chrum (n=60)		Thnout Chrum (n=60)

		Muoy (n=14)		Muoy (n=14)

		Chraing Chamres (n=25)		Chraing Chamres (n=25)

		Duong (n=28)		Duong (n=28)
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credit

		

				Sum of CountOfHouseholdCD		E3 Do any relatives or friends send remittances to maintain your household?

				ProductionSystem ID1		1		2		Grand Total

				Clarias-non wastewater		1		7		8

				Morning glory		16		117		133

				Other				1		1

				Pangasius - non wastewater		5		34		39

				Pangasius - wastewater		1		18		19

				Grand Total		23		177		200

				ProductionSystem ID1		Remit credit		not remit

				Morning glory (n=133)		16		117

				Pangasius - wastewater (n=19)		1		18

				Pangasius - non wastewater (n=39)		5		34

				Clarias-non wastewater (n=8)		1		7

				Production System		Take Credit		Not take credit

				water spinach- wastewater (n=133)		69		64		133

				Fish - wastewater (n=19)		4		15																														Commercial Bank		Comm.or rotating saving		Neighbours or friends		NGO micro-credit scheme		Private lender		Relatives

				Fish - Non wastewater (n=48)		12		35		66																										Kbal Tumnub (n=73)		5		4		7		21		15		1

																																				Thnout Chrum (n=60)		4		5		6		24		11		0

																																				Muoy (n=14)		0		0		2		1		2		1

						24%																														Chraing Chamresh (n=25)		0		1		12		2		3		1

																																				Duong (n=28)		1		1		3		0		6		1

						52%		more ppl less wealth off,compare with wealth ranking?
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		Kbal Tumnub (n=73)		Kbal Tumnub (n=73)		Kbal Tumnub (n=73)		Kbal Tumnub (n=73)		Kbal Tumnub (n=73)		Kbal Tumnub (n=73)

		Thnout Chrum (n=60)		Thnout Chrum (n=60)		Thnout Chrum (n=60)		Thnout Chrum (n=60)		Thnout Chrum (n=60)		Thnout Chrum (n=60)

		Muoy (n=14)		Muoy (n=14)		Muoy (n=14)		Muoy (n=14)		Muoy (n=14)		Muoy (n=14)

		Chraing Chamresh (n=25)		Chraing Chamresh (n=25)		Chraing Chamresh (n=25)		Chraing Chamresh (n=25)		Chraing Chamresh (n=25)		Chraing Chamresh (n=25)

		Duong (n=28)		Duong (n=28)		Duong (n=28)		Duong (n=28)		Duong (n=28)		Duong (n=28)
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		Sum of CountOfNoCreditReason ID		NoCreditReason ID

		A1 Village or community where the participating household resides (01-99)		Fear of debt		No requirement for credit		Not credit worthy		Shame		Unacceptable risk		Unaccepted by creditor		Unnacceptable terms		Grand Total

		20		3		8		7		1		2		9		5		35

		21		4		5						1		9		3		22

		23		4		7		7				1						19

		25		5		10		2		2		1		1				21

		26		6		4		4		1				2		2		19

		Grand Total		22		34		20		4		5		21		10		116

		A1 Village or community where the participating household resides (01-99)		Fear of debt		No requirement for credit		Not credit worthy		Shame		Unacceptable risk		Unaccepted by creditor		Unnacceptable terms		Grand Total

		20		3		8		7		1		2		9		5		35

		21		4		5						1		9		3		22

		23		4		7		7				1						19

		25		5		10		2		2		1		1				21

		26		6		4		4		1				2		2		19

		Grand Total		22		34		20		4		5		21		10		116

				24%		48%		10%		10%		5%		5%		0%		100%

				32%		21%		21%		5%		0%		11%		11%		100%





		






