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Annex 1: Structure of the hierarchical fuzzy model simulating farmers’ decision-making on their farm
composition: at the left the inputs for 18 first layer Fuzzy Inference Systems (FIS) generating centroid
values for the 10 FISs of the 2™ layer, that aggregate the option for a component considering the
resources and the opportunity to make a profit from each. The centroid outputs of these last 10 FISs
areinfered with the 2 FISsfor the farmers' reference framein the third layer FIS at the right hand to
simulate the composition of the farming system. (FRF = farmer reference frame; ha = hectare; LQI =
land quality index; input variables for the farmers’ references frames = short hyphened line, for the
production factors = long hyphened line, for opportunity to make a profit =continuous line). (Bosma
et a, in preparation)
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Mean Income from Farming Activity by Age Class, Wealth, Zone, Group
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Sample Design: No of Households by Country, Group, Zone and Wealth
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Mean Seasonal Caput Fish Consumption by Source and Zone - Thailand
(Means Based on Total Baseline Household Occupancy)
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Tablel Feed and fertilizer used in the three treatments described under 4.4 (kg/ha).
Treatments Feed Fertilizer
Carp 1500 326
Carp + Tilapia 1641 881
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Table4 Input output (mean values) status in different management systems.
Parameters Different management systems
I Carp+Tilapia +
Carp  Carp+Tilapia oo feed-fertilizer s°
Input in kg ha™ 2212° 3009° 8702°
Input in kg N ha* 43.13" 65.14 313.95
Input in cash Taka ha™ 18125" 18951° 651227
Input in non-cash Taka ha 7,5562 8,446 2 14,0982
Input in total Takaha 25681° 27396" 79221°
Output in kg ha™ 1,841° 2,083 5,312
Output in kg N ha'* 42.35° 48.66° 123.38°
Output in cash Taka ha™ 83,639" 89,700 248,830°
Output in non-cash Taka ha* 10934 15,253 17,239
Output in total Takaha 94,573 104,952° 266,069°
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Improved resource use efficiency in Asian integrated pond-dike systems

Project number: 1CA4-CT-2001-10026 5" Framework Programme
Duration: 01/11/2001 to 31/10/2005 (48 months) Shared — Cost Action
Coordinator:  Dr. Marc Verdegem, University of Wageningen, The Netherlands

Project Website: http://www.north-south.nl/index.php/item/773/

Context and Objectives

Many farming communities in Asia are characterized by a high population pressure and the need for intensive
use of available resources for food production. In peri-urban areas, excess nutrients are a threat to the
environment. In contrast, nutrient limitation in rural areas cals for more efficient nutrient use and
transformation into highest possible value on a sustainable basis. The integration of an aguaculture component
into agricultural farming systems results in pond-dike systems that are self-sustaining, efficient and ecologically
sound, producing value through a diverse range of products on a sustained basis. Where aquaculture was
adopted, ponds have often stayed margina within the context of overall farming activities carried out by rura
households. Fish yields from ponds are often low, which has been related to a variety of factors, like the lack of
fry or fingerlings of species and pond inputs (i.e. feed, fertilizers to trigger primary production) in rural areas.
However, fish yield alone is too narrow a criterion to measure the success of pond-dike systems development.
There is evidence that ponds contribute to economic and social farm viability in other ways: e.g. food security,
water storage for irrigation and horticulture, sanitation or comfort. For this reason, identifying researchable
issues that are relevant to the development of pond-dike systems require an interdisciplinary approach.

The main goals of the project were (1) to analyze the impact of pond aguaculture on the livelihoods of Asian
farming households and to enhance the role of fishponds in nutrient cycling on farms, (2) to contribute to
policies for enhancing the adoption of new aquaculture technologies that are developed within the livelihoods
context through participatory approaches, and (3) do develop a modelling tool for nutrient cycling in pond-dike
systems that can be used in technology development and policy making. This project combined participatory on-
farm technology development with bio-economic modelling and on-station research. The project started with a
situation appraisal in three countries, followed simultaneously by: on-farm participatory experimentation, data
analysis and modelling, on-station experiments, and policy development and dissemination.

Activities

The backbone of the project consisted of 3 years of participatory (i.e. on-farm) experimentation with techniques
for improving the nutrient efficiency of pond-dike systems in three Asian countries. The experiments were
monitored closely for livelihood indicators, bio-resource flows and nutrient input and output. Concurrently,
three lines of activities supported the on-farm work: on-station experiments; data analysis and modelling; and
policy development and dissemination. Extension workers and policy makers were actively involved in the
research to ensure the approach was well embedded within the institutional framework in the three research
sites: Northeast Thailand; Mymensingh, Bangladesh; and the Mekong Delta, Vietnam.

The POND-LIVE research for development methodology based upon the Participatory Learning in Action
approach and was composed of 6 phases. The collection of secondary data in phase 1 alowed the selection of
three research areas with integrated pond-dike systems in each country. In phase 2 the results of a Participatory
Community Appraisal (PCA) were discussed in State of the System (SOS) workshop involving government
organisations (GOs), NGOs, fish traders and fish growers. The PCA and SOS provided a foundation for the
fieldwork of phase 3 (baseline survey), phase 4 (household monitoring), and phase 5 (technological
interventions). Phase 6 consisted of policy workshops and dissemination at local, national and international
levels. The research was carried out within a livelihoods framework to ensure that the impact of pond-dike
systems was evaluated not only in terms of aguatic production volume, but aso in terms of employment
opportunities, well-being, improved resilience and sustainability of the resource base. Parallel data analysis and
on-station research ensured that research results could be placed in a wider conceptual framework. Multivariate
procedures were used to analyse trends in experiments with a small number of ponds. This framework was
presented to policy makers and extension agents who were involved in its development throughout the project.
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Results and outcome

Stuation appraisal.

The situation appraisals showed that the ponds had become essentia for people's livelihoods: the current
production of fish is more important than was expected at the time of pond construction in al 3 countries. From
initial fish traps the ponds have changed in fish culture ponds. Not every farm household in the surveyed areas
had a pond, mainly due to soil properties, farm priorities and restricted land size. According to the stakeholders,
the pond-dike systems had economic, socia and ecological benefits. Though constraints were not similar
between the sites and social groups, throughout the three countries, the fluctuating market prices and the lack of
capital for basic investment were ranked high. The quality of seed and brood stock were a common problem for
most production sectors. Often the necessity to develop technologies using less pesticides and herbicides was
stressed, as well as a need for training of farmers and extension workers. In Vietnam the flood-protection dikes
decrease the aluvia deposition and the nutrient input from of pond mud can contribute to maintaining soil
fertility and farmers’ income. The issues retained for on-farm research were as follows:

0 Thailand: the quality of the inputs, the amounts required and the methods to feed the fish;

0 Bangladesh: the utility of the pond mud for the vegetables and the choice of the fish species;

0 Vietnam: the improvement of resource use in pond-dike systems integrated with livestock.

On-farm research

In Northeast Thailand the on-farm experiment with sex-reversed Tilapia had 2 phases. nursing and fattening.
Before the monthly monitoring workshops in every village fish growth was assessed to gauge progress and to
adjust the dosage of the feed/fertiliser. The farmers recognized the importance of nursing fingerlings before
stocking in ponds. The fish gained around 1 g. week™ and after 8 weeks the average weight of the fish was 9 g.
The average survival rate was 89%. Non-stabilized hapas and not following the recommended feeding strategy,
due to constraints and the shared responsibility for feeding, explained the variation between sites. During the six
month period the farmers tested three methods to fatten Tilapia (Table 1). The use of fertilizers was efficient.
Though the estimated gross margin was negative for some farmers, almost all perceived a benefit because we
accounted for an opportunity cost for on-farm wastes, but not for the nutrient value of the pond water and
sediment, used for the crops. The farmers had a preference for methods with medium stocking density (4 fish.m’
%) demanding less labour and less expenditures (and possibly also reducing risk of disease).

Table 1 The three treatments of the on-farm fish fattening trials in Sisaket Province
1 2 3
Fish.m 2 4 6
Feeding method Traditione_\l based on Qreen w_a@er Green water_ using fertiliser,
on-farm available wastes using fertiliser ~ supplemented with a homemade feed

Number of ponds 7 14 8
Gross margin

(Euro.pond™) 20 55 96

In Mymensingh Province, Bangladesh, many less well-off people maintain a poly-culture of carps using on-farm
waste for family consumption and sell the excess produce; the well-off farmers mostly raise Pangasius sutchi
(Thai catfish) using commercial feed regularly. The baseline monitoring of 4 farms showed a dramatic
difference in nutrient budgets between rich and poor farms, the latter had mostly negative nutrient budgets. Both
categories of farmers could have 5 farm components (fish, crop, vegetable, livestock and poultry), but the size of
the components was larger among the well-off. Per hectare the dike output biomass was higher in low input
systems than that of high input systems. Overall, the low input mixed pond-dike systems were more profitable
in comparison to high input systems. Those existing carp poly-culture were improved by stocking 10% Tilapia
and applying feed-fertilizer, against a good cost benefit ratio, mainly due to increased yield of carp (Table 2).
Adding Tilapia while only doubling fertilizer application resulted in higher efficiency of nutrient use in the
pond. Applying a high level of both feed and fertilizer gave high positive nutrient balances for the pond; using
the sediments of those ponds on the dikes resulted in higher plant yields and improved some of the soil fertility
characteristics. As aresult, the gross margins of the entire pond-dike systems would even show better results.

Table2 Fish yield and gross margin in different management systems in Mymensingh.

Carp Carp + Tilapia Carp + Tilapia + increased feed-fertilizers
Yieldin kg.ha‘l 1,840 2,080 5,310
Gross margins in Euro.ha® 990 1,110 2,700
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In the Mekong Delta, Vietnam, multivariate analysis distinguished three pond systems with different levels of
water exchange, waste and home-made feed utilization, based on the monthly averages of one year. The on-farm
trials addressed farming systems practising three levels of aquaculture: (1) intensive, (2) semi-intensive, and (3)
extensive. In each system different technological interventions were applied in a second year to address the
constraints identified during the first year. All ponds had poly-cultures of stocked and wild fish.

(1) Farming systems with intensive aguaculture had easy access to markets and obtained high fish yields but had
negative returns mainly due to the high water exchange rate. Decreasing the water exchange four-fold and
increasing the input of manure and adjusting feed input enhanced the pond's dissolved oxygen, algae and
primary production and reduced nutrient loss through water exchange. The amount of organic matter and
phosphorus stored in the mud increased; fish yield tripled, gross margins doubled and net returns improved (See
table 3).

Table3  The factors distinguishing the 10 ponds in the first year and changes in fish yield and in financial
returns of the three systems (Euro.ha.yr™) after technological interventionsin the second year.

Categories System 1: intensive System 2: semi-intensive System 3: extensive
Number of ponds 4 3 3

Fish nutrient inputs ~ Manure & human wastes Home-made feed & manure Low
Water exchange High (21%) Low (1.5%) Medium (8%)

Pond width (m) Large (12.0) Large (18.1) Narrow (2.3)

Pond depth (m) Deep (1.2) Shallow (0.6) Shallow (0.7)

Fruit farming Lessintensive Lessintensive Intensive

1% year 2" year 1% year 2" year 1% year 2" year

Fishyields 4062 10512 6570 5377 536 1,298
Gross returns 299 759 3,039 2,548 2,485 6,138
Net returns -314 - 40 438 533 1,757 578

(2) In systems dominated by rice and livestock with a semi-intensive aquaculture component, the fish ponds
were fertilised with by-products from crops and manure; efficiency was low due to the use of species with alow
market value, to the nutrient losses caused by water exchange, and to non equilibrated fertilisation. Halving the
water exchange rate, decreasing input of manure while supplementing with inorganic NPK fertilizer and
increasing the stocking ratio of silver carp and Nile tilapia improved water quality and increased primary
productivity. Fish yield decreased but nutrient input was reduced to half and the net returns improved with more
than 20% (Table 3).The pond mud contained fewer nutrients, which decreased the environmental risks.

(3) In systems dominated by horticulture the fish were raised in the trenches of orchards and the yields were
usually low due to shading from the trees. Increasing the manure application five-fold, while reducing the water
exchange by three times improved the concentration of nutrients in the pond mud and the fish yield doubled,
gross margin tripled but net returns decreased sharply. The aquatic primary production and ensuing fish
production was limited by the reduced access of sunlight to the water surface. In a second trial the farmers
pruned the tertiary branches of the longan trees (Dimcarpus longan). As a consequence of the pruning, the
longan yield decreased with 862 kg.ha.year™ and the fish yield increased on average with 107 kg.ha*.year™ and
276 kg.ha'.year™, respectively for of manure input levels of 80 kgN.ha'.year! and 600 kgN.ha'l.year™.
Considering a constant fish market price of 0.5 Euro.kg™, and longan prices of 0.1 to 0.17 Euro.kg™ the effect of
pruning the branches of longan is negative at lower levels but positive for the higher levels of manure input for
longan prices of 0.17 Euro.kg™ and lower. The mixed production of fish and fruit in ditch-dike systems clearly
cannot be evaluated on a one year basis but should be evaluated at the long run: fish being the main source of
income in the first years of the plantation and fruit providing the main contribution once the trees are adult and
fish production becomes extensive, aswas farmers’ practice.

Data analysis and modelling

Data analysis contributed to the interpretation of the surveys and the on-farm and on-station experiments. Most
existing fish pond models consider only one species, while in practise farmers stock several species in poly-
cultures. Moreover, the sustainability analysis of the pond-dike systems may not be restricted to the ponds only.

We formulated a poly-culture pond model with a food production and a food consumption module using
Stella™ modelling software. The food production module had sub-modules for detritus, benthos, zooplankton
and phytoplankton. The feed input sub-modules reacted logically to changes in nitrogen, oxygen and light.
While tilapia was assumed not to feed on benthos it still affected the benthos biomass through interrelations
between the food resources. In the mono-culture carp model the interaction between carp and phytoplankton
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was not stable and all benthos disappeared within 10 to 50 days. In the simulated poly-culture the carp growth
was more stable compared to the mono-culture and the growth of tilapia showed a positive synergy until day
200. Typical stocking times on-farm range from 180 to 300 days. At higher stocking densities of carp the
positive synergy levelled off after 350 days. The simulation of food selectivity of tilapia showed that they switch
to feeding on benthos when phytoplankton is lacking.

The effect of the introduction of fishponds on the nutrient balance of farming systems was simulated in
NUTMON with 5 available datasets for Kenya. Assuming ideotyped integrated aquaculture systems and
assuming available nutrients are directly utilized in fishponds instead of stored, the nutrient balances for farms
were recalculated. The simulation was done in two runs. with a fishpond up-slope or with the pond down-slope
of the fields. Integrating fishponds increased a farm’s nitrogen inputs because of additional nitrogen input from
atmospheric deposition and nitrogen fixation in fishponds. The combined farm’s nutrient losses are reduced. By
recycling nitrogen contained in pond sediment and drainage water for crop irrigation, nutrient inputs in fields
increased resulting in less negative nitrogen balances for all considered farming systems. Nitrogen balances
become even less negative if the fishponds were constructed at the lower slopes of agricultural fields.

The experiments showed that the content of nutrients in the sediments of ponds with Nile tilapia (Oreochromis
niloticus) does not increase after 6 months probably due to demineralisation, seepage and leaching. Therefore,
development of mechanisms for the frequent extraction of nutrient saturated bottom sediments would be
beneficial to farmers and reduce environmental pollution. However, the labour cost of manual recovery is high
and the available technologies for mechanical abstraction viable in Viet Nam and China should be tested on-
farm in other regions. The study revealed and established that sediment could provide a considerable amount of
N and K and the full requirement of P to morning glory (Ipomoea reptans L.) and chilli pepper (Capsicum
annuum longum) without hampering fish growth and yield. Pond sediment can be effectively used as a soil
conditioner to improve moisture content, pH and aggregate stability of alluvial acid sulphate soil in Central
Thailand. Residual levels of P after harvesting crop indicate that mixing sediment with agricultural soils would
help making use of its additional P. Further research is necessary to evaluate the effects of pond sediments on
marginal sandy soils using leguminous crops. Depending on the availability and the purpose of application, i.e.
fertilizer supplementation or soil conditioner, farmers may mix either 25% or 50% sediment with farm sails.
Supplementary use of locally available NK fertilizersis recommended.

The effect of stocking multiple fish species on feed utilisation and fish yield was studied in ponds and aquaria
using common carp, Cyprinus carpio (L.), and rohu, (Labeo rohita Hamilton). Stocking common carp in the pond
next to rohu enhanced natural food availability, food utilisation and rohu growth and production. The
administration of artificial feed increased the availability of zooplankton and benthos but not of phytoplankton.
Without added feed, rohu ingested more phytoplankton than zooplankton but in the presence of formulated feed
rohu shifted its food preference from Euglenophyceae (algae) and phytoplankton to zooplankton. The addition
of artificial feed decreased the ingestion of natural food by common carp but affected its growth positively.
Common carp naturally ingested mainly zooplankton and benthic macro-invertebrates as well as small
quantities of phytoplankton. Common carp had a preference for macro-invertebrates up to the point where, in
absence of added feed, the population disappeared. Consequently, both the water quality parameters and the
quantity of al nitrogenous and phosphorous species increased. The overal highest N and P retention
efficiencies in fish, phytoplankton and zooplankton were observed in ponds without added feed and in ponds
with intermediate stocking rates. Using video observations next to aguaria confirmed that common carp preferred
benthic macro-invertebrates and zooplankton both living near the bottom. In presence of common carp, rohu’s
grazing shifted partially from water column to wall and near bottom as rohu spent 5% of its total time following
common carp.

The on-station experiments of partner 1 support previous indications that with equal nutrient inputs and stocking
densities the manure driven ponds could perform equally well as those driven by manufactured feed. The trophic
structure in organically fertilised and fed ponds is similar as autotrophic and heterotrophic pathways are
important processes in both environments. They provide natural foods that are a main part of the diet in both
environments. The analysis supports emerging evidence that manufactured feeds may not be well utilised by
tilapia in outdoor stagnant ponds. Further research on tilapia feeding behaviour and feed selection in feed and
organic fertilizer-driven ponds is needed.
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The POND-LIVE research for development approach was effective because it produced high quality research
published in double-refereed journals and generated technologies that are used by farmers. The dissemination
started in an iterative way through the implication of the project leader in regular meetings with regional and
national authorities. In Thailand, at present many farmers still use hapas for nursing, and they are teaching this
technology to neighbours, friends and relatives. The success the improved fattening technology can be measured
by the first availability of a credit from a commercial bank for a rural farmer to extend his fish production. In
Thailand the preliminary results were reported on a poster to the national meeting of vocational education
institutes and the provincial policy workshop was held on 27" September 2005 with farmers, extensions officers
and teachers of vocational schools. In Bangladesh, the re-use of pond-mud and the poly-culture was well
appreciated by farmers and extension services. The policy workshop organised at National level on 24th of
October 2005 gathered 50 participants. policy makers, planners, extension officials, NGOs, public
representatives, university teachers, and selected farmers. The workshop recommended the pond-dike farming
systems as a technology for wider dissemination; flyers were produced and the development of audio-visual
material for the dissemination is on-going in Bangladesh. In Vietnam the farmers realised that they were
wasting precious nutrients and the reduction of water exchange improved their livelihoods and reduced
environmental pollution. The results were presented to the heads of the Agricultural Policy Office, Extension
Services and Aquaculture Services of 5 Mekong Delta provinces on 23 August 2005. Extension leaflets
resuming the main results of the on-farm trials were drafted. In general, the project lifetime was too short to
monitor the implementation of the project results in the development programmes at local level, though a kick-
off was made already during project lifetime.

Key Publication of POND-LIVE (I CA4-CT-2001-10026)

Most papers (to be) submitted to double refereed scientific journals still have to appear, but they will aso be
included in the thesis reports of the PhD students. The PhD thesis of Bangladesh Agriculture University, the
Asian Institute of Technology and Wageningen University all contain at least four publishable papers. The
Pond-Live project was matched by the University funded INREF-Pond project that also provided key results.

1. Bosma, R.H., Le Thanh P., U. Kaymak, J. van den Berg, H.M. Udo, M.E.F. van Mensvoort & Le Quang T.,
2005. Farmer Motivations for Integrating Agriculture and Aquaculture Systems in the Vietnamese Mekong
Delta. Netherlands Journal of Agricultural Science (in press).

2. Kabir, M.S., M.A. Wahab, M. Karim, M.C.J. Verdegem & D.C. Little, 2004. Comparison between existing
low input and high input integrated pond-dike aguaculture systems in some villages of Muktagacha,
Mymensingh. J. Bangladesh Agricultural Univ., 2(1), 103-112.

3. Little, D.C., C. Arjinkit, D. Turongruang, 2004. Learning about farmer attitudes to ponds in Northeast
Thailand. Aquaculture News, 30:19-20.

4. Muendo, P.N., A. Milstein, A. van Dam, E-N Gamal, J.J. Stoorvogel & M.C.J. Verdegem, 2005. Exploring
the trophic structure in organically fertilized and feed-driven tilapia culture environments using multivariate
analyses. Aquaculture Research (in press).

5. Nguyen Thi Hoa C., 2003. Food availability and utilization in polyculture ponds. MSc thesis,
WU/AFI1678

6. Rahman M. M., A. Yakupitiyage & S.L. Ranamukhaarachchi, 2004. Agricultural use of fishpond sediment
for environmental amelioration. In Thammasat International Journal of Science and Technology, Volume
9(4), 2004.

7. Uddin, M.S.,, M.E. Azim, M.A. Wahab & M.C.J. Verdegem. The potential of mixed culture of genetically
improved farmed tilapia (GIFT, Oreochromis niloticus) and freshwater giant prawn (Macrobrachium
rosenbergii) in periphyton-based systems. Aquaculture Research (in press).

8. Verdegem, M.C.J, R.H. Bosma& JA.V. Verreth, 2006. Reducing water use for animal production through
aquaculture. Water Resources Development, Vol. 22(1):101-113.

9. Dang Kieu N. The role of pond in nutrient dynamics in integrated agriculture-aquaculture in Vietnam. PhD
thesis, University of Wageningen. To be submitted by April 2006 and defended in August 2006.

10. Kabir S.M. Nutrient use in the integrated pond-dike system in Bangladesh with emphasis on nitrogen. PhD
thesis, University of Mymensingh. To be submitted by March 2006 and defended in June 2006.

11. Manjurul, K. Promotion of dike-based cropping around ponds in Bangladesh — impacts on livelihoods and
analysis of ingtitutional context. PhD thesis, University of Stirling. To be submitted by April 2006 and
defended in August 2006.

12. Rahman, M.M.. Quality of tilapia pond sediment and its agricultural potential. PhD thesis, AIT Bangkok.
Submitted in August 2005, successfully defended in January 2006.
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13. Rahman, M. Effect of feeding level in poly-culture on fish feeding behaviour, fish yield and nutrient
dynamics. PhD thesis, University of Wageningen. To be submitted by March 2006 and defended in June
2006.

14. Turongrouang Danai. Impact of pond dike system on livelihoods in Northeast Thailand. PhD Thesis
University of Stirling. To be submitted by April 2006 and defended in August 2006

15. Muendo, P. Sediment accumulation in fish ponds and its' role in farm nutrient cycles. PhD thesis,
University of Wageningen. To be submitted by March 2006 and defended in May 2006 (connected to Pond-
Live, but entirely INREF-Pond funded).

16. Bosma, R.H. Fuzzy Logic Modelling of Farmers’ Decision-making to Integrate Livestock, Fish, and Crops.
PhD thesis, University of Wageningen. To be submitted by December 2006 and defended in 2007 (mixed
funding Pond-Live & INREF-Pond).

17. Le Thanh P. Sustainability analysis of Integrated Agriculture-Aquaculture Systems in the Mekong Delta
using LCA, Nutmon and Ecopath. PhD thesis, University of Wageningen. To be submitted by December
2006 and defended in 2007 (connected to PondLive, but entirely INREF-Pond funded).

18. Uddin, S. Technical and economic potentials of poly-culture of GIFT (Oreochromis niloticus) and
freshwater giant prawn (Macrobrachium rosenbergii) in periphyton-based system. PhD thesis, University
of Wageningen. To be submitted by August 2006 and defended in December 2006 (mixed funding Pond-
Live, INREF-Pond and Bangladesh Agriculture University).
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