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ABSTRACT

Most current models analyzing technology adoptignt@ased on a function that assumes farmers make
decisions upon utility maximization but ignorestauhl or social factors. The traditional production
systems of the Mekong Delta were based on floataggvarieties and fish harvested both from rivand
rice fields. Since 1980 the presence of fish inribe fields decreased and research developedothe s
called concurrent rice—fish system to capture ttieaatages of the synergy. Whether this is a feasibl
option depends on the farmers’ drives and motieegdking-up the technology. In 2000 we made an
inventory among 60 farmers who adopted the rich-disstem in four districts to describe their resear
and motivations. In 2006 we repeated this survegray®4 farmers including potential adopters, ineord
to evaluate the take-up potential of the rice—fsststem in the Mekong Delta. Income/person and
income/ha of the farm households with a rice—figstern were close to double, while their land area
(2.5ha) was not significantly larger than thosenamwithout a rice—fish system (1.95ha). Usuallyrfers
integrating also pigs and fish had the smallesd larea. The farmers’ non-adoption of the rice—fish
system was mainly due to low availability of capéad land, and to inappropriate location of theddfiin
relation to the homestead, water availability, aguo-ecological conditions. To create space foremor
upland crops was an important argument for thetoaction of a rice—fish system. Modeling confirmed
that under appropriate agro-ecological conditidres take-up of rice—fish systems can be stimulated b
increasing know-how on fish and on system compoi@agration. The sensitivity of the fuzzy logic
simulation did not confirm the importance of lamzkesand wealth ranking for the take:up
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INTRODUCTION

The traditional agricultural production systemstbé Mekong Delta were based on fishing and on
cropping traditional rice varieties with long grdwtycle. Fish was harvested from rivers but alsenfr
the rice fields. Improved water management systeimgit-cycle rice varieties and pesticide use ted t
overproduction of rice and to decreased prices @uwmomic policy changed after 1986 [1]. This
guaranteed food security pushed farmers to tramsfmart of the rice fields in fish-ponds, while athe
made orchards, sometimes with ditch—dike systemgroduce both fruit and fish. The water of the
ditches and the ponds is used for irrigation andeoa year the sediment is used to fertilize thé soi
Within 20 years, farmers earning cash mainly fraoe,rtransformed their farms into mixed farms
producing a large variety of goods for the markéast farmers still cultivate a rice field to harvesich
year two or three crops, mostly rice; but as althiop also various vegetables for cash marketing.

In the Mekong Delta the presence of fish in thee-fields decreased due to optimal water
management and pesticide use on rice productiare si®@70 [2]. Can Tho University and its partners
promoted the concurrent rice—fish system to captueeadvantages of the synergy of both cultures [3]
On the dikes of the rice—fish system farmers atsalppce fruits and vegetables. Inevitably rice pudidun
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will stay in the Mekong Delta, but the challengadsdesign it such that it does not impede, butemat
improve the sustainability and productivity of theerall production system, including fish from aaet
fisheries. Though the ecological sustainabilityef rice—fish system is higher [4], to capture raglterm
economic advantage of the synergy, farmers neew/ést in their land by making a ditch with higtkeli
(Figure 1), increasing inputs and undergoing Irdteg Pest Management training [3, 5]. If the ricea-f
system becomes wide-spread, its improved ecologigstainability will have positive trade-offs oreth
quality of the open-water used, among others, fmkahg, irrigation, and aquaculture. Whether tisisa
feasible option depends on the farmers’ drivesraatives for taking-up the technology.

Dike Rice field

Ditch

Figure 1. Transect of a typical rice—fish plot e tMekong delta: a rice field, ditches as a refiogdish
when water is low and, to keep the fish insidegapheral dike with vegetables or fruit trees.

In 2000, we made an inventory among the farmers watiopted the rice—fish system and
characterized their resources and motivations 6¢ found that the major determinants of farmers
adopting a rice—fish system include: larger larmt sgreater family-labor availability, field closter the
homestead, better access to canal water, bett@l getationships/access to extension workers. Fish
production and income depended on agro-ecologites snd integration with livestock production
within the farm, rather than fish farming practicady. In 2006 we repeated this survey. Next to the
simple objective of simulation as a first step @veloping a decision support tool, we used theitehs
analysis to give information on the characteristité&armers who are likely to adopt the rice—figistem,
and on policies that can stimulate this. In thipgya after the methodology section, we present and
discuss results of the survey, of the data-analgsid of a fuzzy logic simulation of farm compawsitj
before we formulate recommendations.

METHODOLOGY
Sample and data collection

To collect data for the present study, we interddv@4 farmers raising fish in 8 villages. The gka
belonged to 4 districts in three provinces (TableThe villages were the same as those in the 2000
inventory of rice—fish systems in the fresh watgrosecological areas of the Mekong Delta. In the
original study, we interviewed 60 farmers having@téd a rice—fish system; while the present sample
contained 48 farmers practicing a rice—fish systeither having started before or after 2000. Inheac
village, the sample was complemented with non-priact farmers; the total sample contained 48
practicing and 46 non-practicing farmers. Thesewase selected by the extension services among the
farmers that they considered potential adoptetbeobystem.
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Table 1 Some characteristics* of the interviewadhfouseholds per districts, including the average
ratings for the importance of a rice-field for fesecurity (RFS) and integration (Cl).
Farms (n) Area (ha) of HH - Distance tc Rating Ratin
District RF no-RF HS LL UL Pond size LL Market RFS Cl

Long Ho 10 12 032 0.72° 009 019 55* 021 1.0° 37 41"
TanHiep 14 10 025 3.32° 034 022 65° 006 51° 41 41P
Caolanh 12 14 036 1.26* 0.2 0.17 502 147 23% 34 31°

Vung Liem 12 10 027 0.96* 018 015 46% 054 36* 40 39°

HH=household; HS= homestead; LL=lowland; UL=upland
*Numbers with different superscripts (a, b or @ atatistically different foP < 0.05

At the workshops we collected general informatimm the main products of the livelihood
system. We asked farmers to rank these productshéomeed of capital, labor and know-how. We
assessed the historical development of their markiees and the cost of their main inputs, and we
collected data on the price development of land@ndainfall period and level. To asses the breadae
prices of the products, we asked farmers to giveetisost levels of the main input: the acceptalieyrct
price, the price below which they would stop pradge and the price they wished to receive. The
workshop allowed to create a relationship of trarsdl to schedule the individual interviews. We asked
three knowledgeable local experts to rank the viggred farmers in three wealth categories: poor,
intermediate, and well-off in each village.

We held the interviews in one or two centrallydted places for efficiency of time and finance.
We collected data on household and farm charattsigpresent farming system and its resource flows
financial results, marketing and credit strategi€se household’ members living in the farm were
categorized into: adult, elder working, elder noorking, and children younger than 18 year. Children
younger than 18 were distinguished in 4 categogesig to school, working on farm, both working and
going to school, and non-working. The financial adaonsidered cost of input, cash income, and
household consumption for the various products, eash income from off-farm activities by these
household members, between November 2005 and Dece2ib6. The farmers were requested to rate
soil quality and water accessibility on a scald ¢b 6, and to rate on a scale of 1 to 5 their khow on
various products, the importance given to a rieddffor food-security and to the integration ofaexes.

Close-ended questions on the source of their crutk the activity it was used for, allowed
distinguishing six categories of risk behavior; mdyn none, relatives, bank, input providers, pmvat
money lenders, and high risk credit. This methablig estimates the risk behavior of people thatenev
took or will take a credit because they had ornested to have enough capital. In the model this is
compensated for by including the rank of wealtla &sriable of capital availability.

Statistical analysis

From the data we calculated household-size, holdéddnor availability, household gross income,
household net income, income per head, and incanég The household-labor was derived from the
weighted number of family members in the age categmadult - 0.25 xnon-working + 0.5 xyoungster

+ 0.75 x elder. We checked the standard distribution of the datdculated means, checked the
interaction between village and district, and diéfeces according to Gabriels, calculated correiatio
according to Spearman (rho) when appropriate, pptleal a factor analysis of the past, actual onriit
presence of the rice—fish system with variableateel to economics of the farming systems and the
farmers’ arguments for up-take or for non-adoptadnthe rice—fish system. We repeated the factor
analysis of the economic variables and includedBib@ean (0-1) value for, either the farmers praat
rice—fish systems in 2006, those practicing in 2080those considering it for the future. We did an
attribute subset evaluation to assess the maisidadiactors related to practicing the rice—fishteyn by
using forward greedy stepwise regression in WEKA [7
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Fuzzy modelling

To compose the model we applied a 10-step procdtfigare 2). Both a qualitative livelihood analysis
[8] and the statistical analysis of the collectetbdsupported the identification of the followirtlge input

and output variables, the model structure, theuistic term sets, the parameters of the membership
functions, the fuzzy rule-base, and the database.sthctured the decision-making in a three layer
hierarchical tree with five subsets of fuzzy infeze systems (FIS): primary production factors, pobd
opportunities, product’'s options, farmers’ refeeritames, and final output layer (Figure 3). Fog th
inference we applied Mamdani with the min-max opm@ respectively; using the fuzzy logic toolbdx o
Matlab®7 [9]. The fuzzy outputs of the 1st and 2ayers were fed directly into the FISs of the 2nd a
3rd layers, respectively. The output of the 3rdefagould have a value between 0 and 1; a farmer was
assumed to have a particular farm component ifrtembership for that output was larger than 0.5.[10]

(1 Conceptualisation of the farmers’ decision-mgKDM): problem analysis and preliminary datalecﬂion)
( 2 Determination of model output and input valéab )

C 3 Identification of the structure of the contuegh fuzzy inference system (FIS) mimicking the Pkbcess )
(4 Determination of linguistic term sets for t@verses of discourse (UoO) of the variables

( 5 Determination of parameterized membershigtfans covering the UoD for all variables

( 6 Determination of the fuzzy rules of a ruls®daeplicating the decision-making process

( 7 Data collection to compose a database fanitrgiand validating the conceptual model

(8 Implementation and verification: choosing ithference system and programming the model
( 9 Calibration and fine-tuning to fit the modiet the training dataset (Training)

(10 Validation and sensitivity analysis to test thedel against reality (Testing)

NIZANI AN ANV AN AN AN/

Figure 2. Ten steps to develop a fuzzy logic madallating decision-making (adapted from [11]).

For the calibration, we composed a dataset of 8éschy ranking all cases with the spreadsheet
tool for district, for no or yes practicing ricesfi and for wealth class, before transposing everg tase
to a validation dataset. The calibration datasetaioed 33 practicing and 31 non-practicing ricgfi
farmers, while the validation dataset of 30 casedained 15 of both categories. Calibration wasedon
adjusting the parameters and if needed the rulestamn optimal fit was checked by face-validation
the present farm composition. To attain rationalsgevity for crucial variables, we ran the model f
range of values. To validate, we ran the modeltandata put aside. The model's performance was
evaluated by the classification rate calculatethasquare root of the product of individual clisation
rates:\/[({n positivesTyP€ | €rrors}/ Rosiived * ({N negativestyPe Il €rrors} Regatives)-

Most farms in the concerned province of the MekDedta have more than one component, and we
focused modeling on nine farming activities (TabJeWe included raising cattle as it may be a redeo
need more upland and it becomes an alternative itidity of the land gets too high for rice amdish.
Hereafter we present the input variables includethé FISs.

The availability of capital depended on the colalteralue of the owned land, the rank of risk
behavior, and the rank of well-being (income). Tdwlateral value of land with a red certificate,
attributing owner’s rights, was twice as high tlianland with a green user certificate, attributumer's
rights and conferring obligations [8].

The availability of labor depended on two variablibe household labor and the capacity to hire
labor. The rank of well-being was used as an indid@r the capacity to hire labor.
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Figure 3. The three-layered hierarchical treehefftizzy logic model mimicking decisions on the

composition of the farming system.

The water availability depended on five variablesgth and level of rainy season and length and

depth of flooding, and on farmers’ rating of thetevaaccessibility. The rainfall level was derivedr
national statistics and the length of the rainyseeaasked at the workshop; both were applied unifor

to all cases for each district.

Three groups of variables influenced the individe@dnomic opportunity to practice a component:
distance between the farm and the market, costefiriput and market price of the produce, and the
farmers’ rating of his know-how on the activity. VEpplied the same distance between farm and either
input or output market, though for some produces¢hwere different. The market price of the products

applied in the model was equal for all farmers:dkierage of the farm gate prices for the variooslyct
categories in 2006 (Table 2). The FISs for the dppaty to raise pigs related to two types of prodand

the know-how and prices were represented by bathialzations: fattening and breeding. A high price
on breeding was high and piglets coulcbe

of piglets could either be positive if the farmekisow-how

precious output, or negative if this know-how waw knd piglets were an input he had to buy.
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Table 2 The nine (integrated) components included in th@etinog and the cost of the main in
and the market prices of the product applied (irDig, unless specified)

System Description Cost main  Price of
input * product

Mono-rice Crop rice 2 or 3 cycles /yr dependindglond length 250,000 2,000
Rice-vegetables Crop rice twice and vegetablebethird crop 250,000 1,000
Fish-pond Raising fish in a pond 30,000 9,000
Rice—fish Having an irrigated field for integratece—fish
Orchard Cropping fruit-orchard, 250,000 4 500
Ditch-dike A system enabling to raise fish under ftuit trees
Pig Breeding and/or fattening pigs 20,000 20,000
Pig-fish Raising pigs above the fish to recyclepigewastes
Cattle Raising cattle on the rice-field (in milliMND/head). 2,5 5,0

* The cost of rice-bran, basic constituent of féadfish and pig, was set at 2500 VND/kg

To include social and family related motives, weludled two farmers’ reference frames in the
model. The FIS of the farmers’ reference frame dorersification, capturing the social motives for
diversifying the farming activities, was composédhvee variables: the number of children and young
the household, the age of the household head hanghiase in the household life cycle [8]. The eatno
drive for diversification of farm household actie# was captured through the market prices (Figri3g
farmers’ reference frame for integration includihg factors decisive for the integration of varidaisn
components inferred six variables: the distancevéen the fields and the homestead, the area of the
homestead and irrigated land, on the farmers’ d@tuckevel, and the rank of importance the farnmigeg
to integration.

RESULTS

Though the total land size of farms with rice—fgfstems was slightly higher, only the pond area was
significantly larger (Table 3). The net income afriis that were transformed partly from rice-figitbi
grassland was as low as that of farmers with ne-fish-system. Intensive rice—fish-systems using
manufactured feeds had a higher net income, buhtdwmne/ha was lower compared to that of rice—fish-
systems recycling the waste of mono-gastric livestd he rice—fish farmers had a higher income from
fish, fruit, vegetable and duck, and rated theiowshow on fish higher than those not practicingg+ic
fish: 4 and 3.4; respectively (p<0.1).

Table 3 The mean (x SE) of pond and total land éna), and the net income of different production
systems with or without fish integration (milliorND).

n Pond area* Land (ha) Income/person Income/ha

no rice—fish 46 0.09+0.17° 1.93+0.26 6.9+1.2% 236+ 16.3"
extensive ricefish system 25 0.29 + 0.04" 244044 135+1.4° 383+ 57
intensive rice—fish system 13 0.29 + 0.05° 260+040 17.8+3.2° 50.0z% 8.4
Animal waste rice—fish 6 021+005° 150+042 13.6+3.9° 583+158"
Grass-pond-dike system 4 0.11+0.03° 2.12+0.78 69+25% 158 + 2.7°
* The pond area includes the surface of ditchdkerrice-field and in the orchard.

*Numbers with different superscripts (a, b or @ atatistically different foP < 0.05
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The districts of Long Ho and Tan Hiep had relagvelore intensive rice—fish and animal waste
rice—fish systems (8/14 and 8/16 compared to 2/241#21 for Cao Lanh and Vung Liem; respectively).
Soil quality of Vung Liem was significantly loweaind for Cao Lanh non-significantly lower compared t
that of the other 2 districts. In the district whi¢he distance between lowland and homestead wgedt
the farmers gave significantly less importancentegration and slightly less to having land to crioe
for food security (Table 1). Data on land size Tan Hiep were somewhat skewed because five farms
were much larger. In this district, the land ared the size of the household and thus househotat lab
availability were larger (Table 4). In Tan Hiep@lsropping frequency was lower, flood period longer
and flood-depth among the highest. The interadietween district and village was significant fostof
inputs; for gross income, the difference between ilages within a district was significant. Cat
inputs and gross income were higher in the distrith larger land size, but net income per persas w
not significantly higher; net income per hectares\egen among the lowest in this district. In gehéra
total cost of input was highly correlated to tatatome (r = 0.9), net income (r=0.5) and net incqpae
person (r=0.8), but negatively to the net incomehae(r=-0.07, non significant).

Table 4 Economic parameters of the interviewed farm housishiH) in the districts
(in million VND, except for household labor seetjex

Number of crops Flood HH  Gross Cost Net income
District on lowland period height labor income input /person /ha
Long Ho 2.6" 24 07 42% 633% 245 112+14 49.0+58"
Tan Hiep 2.1% 33 08 52° 1768° 1115 135+1.8 25.8+4.32
Cao Lanh 2.8 31 09 31% 490% 257° 71+1( 24.0%309°
Vung Liem 30° 21 0.6 382 5772 391 110+2¢ 356+85"

*Numbers with different superscripts (a, b or @ atatistically different foP < 0.05

The factor analysis did not distinguish betweem&ipracticing rice—fish systems in 2006, those
practicing in 2000, or those considering it for faeure. Though rain characteristics were iderdifaes
attributes in, as well as, the factor as the ppleccomponent analysis, they are similar for alirfars in
one village and cannot distinguish between farrherdng or not a rice—fish system in the same \lag
Flood characteristics however varied within ondrdisand one village. Results showed that the main
factors contributing to non-adoption of the ricehfisystem were: capital and labor availability, tme
lesser extent, the market-price of fish, the distato the field and the know-how on the technol@mg
for those having stopped since 2000 the availghdftwater. The advocacy for the rice—fish systgm b
the Government services was not an important fafciopracticing farmers in 2006 or for those that
consider practicing a rice—fish system in the fatufactors driving the adoption, among others uiohetl
the need to increase income, rice-yield, soil-qualind fish availability and to reduce pests (€ab).
Creating space for more upland crops like fruitggatables and grass were important arguments dor th
construction of a rice—fish system. For those motsidering the rice—fish system the risk of poaglind
the low price of fish weighted heavier.
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Table 5 Main factors affecting the adoption of fiigh systems by farmers practicing rice—fish
systems in 2006 (RF-system 2006), in 2000 (RF-sy2@00), or those considering it for the
future (RF-future)

RF-system 2006** RF-system 2000 RFE-future

1 2 3 4 1 2 3 1 2 3 4 5
RF-system 0.75 0.13 0.19 0.10 0.75 0.15 0.03 0.12 0.18 0.18 0.25 0.76
Rank of wealth 0.12 0.15 0.15 0.80 0.17 0.25 056 0.03 0.18 0.80 0.16 0.16
Farm-size 0.06 0.05 0.29 0.74 0.06 0.01 0.83 0.25 0.06 0.71 0.28 0.25
Recycle by-products 0.41 0.03 0.39 0.01 0.56 0.07 0.18 0.21 0.01 0.03 0.48 0.13
Improve income 0.79 0.14 0.27 0.02 0.84 0.12 0.05 0.48 0.19 0.02 0.37 041
Produce food 0.70 0.22 0.24 0.00 0.78 0.23 0.04 051 0.27 0.02 0.36 0.23
Higher rice-yield 0.58 0.12 0.44 0.27 0.39 0.19 0.60 0.74 0.07 0.24 0.26 0.03
Better for soll 0.83 0.08 0.17 0.01 0.71 0.16 0.27 0.83 0.01 0.01 0.07 0.09
Reduction of pests 0.86 0.15 0.02 0.04 0.80 0.21 0.22 0.83 0.05 0.01 0.18 0.21
Efficient labor use 0.15 0.04 0.79 0.00 0.25 0.00 0.28 0.00 0.05 0.01 0.81 0.11
Less wild fish 0.01 0.82 0.03 0.03 0.04 0.81 0.05 0.18 0.69 0.05 0.07 0.01

Space for upland crops 0.05 0.89 0.02 0.05 0.04 0.85 0.02 0.05 0.87 0.02 0.00 0.02
* Only factors having Eigenvalue > 1 and explagh>5% of the total variance are presented

** The variablesage of the household head andeducation level had a high Eigen -values for RF2006
but were not mentioned to reduce table size.

The greedy stepwise procedure selected also diffaattributes for the decision-making when
including either RF2000, RF2006 or RFuture (TableHoowever, some of the selected factors are not
different for farmers with or without a rice—fisiiséem. The size of the homestead and the fishgbed,
level of know-how on fish, the rank of wealth ar trating of integration and recycling, distinguish
farmers with and without a rice—fish system, altevhigher for the farmers practicing a rice—fishteyn.

Table 6 The selected attributes* of decision makeigted to practicing a rice—fish system at presen
(RF2006) in the past (RF2000) or in the future (RFe), and P-value of the attributes for
RF2006 (if different);

P-value RF 2006 RF2000 RFuture

0.00 Area pond Area pond Area pond

0.00 Know-how fish Know-how fish Know-how fish

0.01 Area homestead Area homestead

0.08 Distance to lowland Distance to lowland
- Household-lifecycle Household-lifecycle
- Number of children Number of children
- Know-how rice Know-how rice

0.00 HH consumption produce*tiH consumption produce**
0.02 Rating recycling***
0.06 Wealth rank

Flood level Know-how cattle Flood period
Area with owner certificateSoil quality homestead  HH-size
Rice-field food security Area upland
Know-how fruit, pig breeding, cattle
Merit of Distance to bank, market, road
best subset 0.494 0.6 0.405

* To ease the interpretation the order of theades was changed, leaving above the line tHuesteatre
common for two or all three of the subsets;

** This is most probably a consequence and naiuse of having a rice—fish system;

***A similar rating on the importance of integraticscored p<0.001.
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Modelling decision making with fuzzy logic

The fuzzy logic simulation approached quite we# tictual distribution of the number of components
practiced (Figure 4). Calibration did not reach axmmum fit; main problems were the simulation of th
number of farmers cropping fruit and those practdhe systems by mixing fruit and pigs with fiSine
validation on the separated dataset confirmeddmidency.

80 - 4 — = . E Number practicing - -
o =1 o B Number simulated

n of farmer

7 !
o]
) 9 S c .2 1) ) <= %)
© Q S © =) o = ©
D: [} — 1 = O 1 1
Q o (] o o < = o)) @)
x o Q ) o [E] o
g 04 (I a

Figure 4: The cumulated number of components medtby the 94 farmers, and the number
according to the fuzzy logic simulation.

After calibration the individual fit of farmers hiag the rice—fish system was acceptable, but it was
unsatisfactory for those practicing the pig-fisisteyn and those raising cattle, and even zero &rite-
vegetable and fruit-fish systems (Table 7). An etate fine-tuning might improve the results of the
individual classifications.

Table 7 The classification rate of the simulafionthe calibration dataset and for the validatiataset.

; Rice- Rice- Fish- Ditch- - Pig-
Rice only vegetables fish pond Orchard dike Pigs fish Cattle
Calibration 0.98 0.00 0.69 0.68 0.72 0.00 0.62 0.45 0.57
Validation 1.00 0.00 0.60 0.97 0.91 0.00 0.50 0.50 0.44

The result of the models’ sensitivity analysis @on§ the importance of the area of pond and
homestead and the rate of know-how on fish, bessés also labor availability, and market pricascef
and fish as factors influencing the decision tccfica a rice—fish system (Table 8). The sensitifatythe
distance to the lowland level and the variableateel to the capital availability such as the afeawmed
land and the rank of wealth were low. The floodtHegffected the uptake in two ways: it reduced the
number of rice-fish farmers for low flood-depthst increased the number for high flood-depths 610

Table 8 The fuzzy logic models’ sensitivity (%) of the nuenlof farmers practicing a rice—fish system to
a range of values of some attributes.

Total area of owned land 2 Number of children 21 Cost of NPK fertilizer 17
Area of lowland 7 HH labor 34  Cost of rice-bran -1
Area homestead 45 Know-how fish 14  Cost of fry/fingerlings -9
Area pond 27 Know-how rice -5  Market price of rice 27
Flood depth 4 Rate of Integration/recycling 24 Market price of fish 16
Flood period (length) —22 Distance homestead to lowland -4 Rank of Wealth 2
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DISCUSSION

The present study confirms that farm income depetrmteagro-ecological sites (flood-depth, soil type)
and integration with livestock production withinetliarm rather than fish farming practices only, as
concluded in 2000 [6]. The advocacy for the ricgrfsystem by the Government services was an
important factor for those having a RF in 2000, lests important for still practicing farmers in 00
Though not mentioned in 2006 among the determinéortsadoption, family-labor availability was
mentioned by farmers in 2000 and affected strotiglysensitivity of the fuzzy logic model. The pratse
study confirmed most other factors found in 20@ddtsize, distance between field and homestea@y wat
management, and access to knowledge system (knawshdish). Market prices of fish and to a lesser
extent of rice also influence the decision to pcacta rice—fish system. The various determinants
represent aspects of the five different livelihamapitals as used by Ellis [12]. An important fariser
argument for constructing a rice—fish system wasréate space for a more diverse farming systemh (bo
aquatic and upland crops) and to take advantagdeofsynergy among farming enterprises through
nutrient recycling within the farm.

The low sensitivity of the fuzzy logic model to clgges in the financial capital availability, made
operational through the total area of land ownedl the rank of wealth, might show that these attebu
are less crucial for take-up than considered, bigt might also be a consequence of their placé&en t
hierarchical structure of the model. In the hienégal model these attributes are considered only to
determine the opportunity for the individual adivin the second level, but not the decision on the
integration in the third level. To test their imfarce in the decision-making, future studies need t
implement some of these attributes at the thirélledso. Using fuzzy logic modeling, the presentlgt
confirms earlier findings [11] that the number afupg children, the phase in the household life-seur
and the level of know-how affect decisions on fawmposition at least as strong as market priceso Al
the availability of household labor, the area ofmlestead and pond, and the farmers’ rating of the
importance of component integration affect the tageof a rice—fish system. The above mentioned
family-related motives (number of children and rehwmd’s life-course) are mostly not considered in
farm models, and we agree with other authors tha@akfactors, other than leisure, need to be clamsd
in farm economic models [13-15].

We found the farmers’ ranking of soil quality andter availability not satisfying without using a
standard. For example, in one village the rating/afer availability could range from 4 to 6, whie the
scale of 10 classes used in earlier studies [18] fhll all within the best two. Therefore, we asbvito
submit a range of fixed well-described categorieguality for the farmers to choose from.

The results confirm that intensification by usingrsfinancial capital goes often at the expense of
efficiency of labor and land utilization. The incerper person is only slightly affected by the totadt of
inputs. This pleads once more for evaluation obiations on both economic and social efficiency as
well as on ecological impact.

CONCLUSIONS

Concurrent rice—fish systems doubled the averagemoeme per person and improved the income per ha
between 60 and 120 %. Farm households integrafggyip the system earned the highest net income,
while those using the dikes only to graze cattlelerthe lowest net income.

The main constraints for adoption of the rice—Bgstem were an insufficient availability of capital
and of appropriate land. Fuzzy modeling shows @ahgbod market-price of fish and an acceptable price
of rice may convince farmers to build a rice—figlstem, while a very high price for one and a veny |
for the other product might push farmers into sple@tion. The extension services can promote fisle—
farming by improving the know-how on fish and orneigration of system components of farmers with
fields close to the homestead and good access ter,wa the agro-ecological zones with good soll
quality, short to average flood-period and low Yerage flood-depth.
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