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0 INTRODUCTION

0.1 ABOUT THIS MANUAL

This training manual was developed for and in the context of the Sustainable Aquaculture and Community

Fish Refuge Management Project (SAFR)in Cambodia to support capacity building for sustainable small -
scale aquaculture operations by 400 fish farming households (HHs) in Kampong Thom province of Cambodia.
The aim of the aquaculture component of the SAFR project is to enable these 400 HHs to engage in a produc-
tive and sustainable way in small and medium scale aquaculture operations.

With these experiences, this training manual provides a comprehensive technical and didactic framework
that enables aquaculture trainers to design , facilitate and promote learning experiences to rural com-
munities in Cambodia so that they can base their fish farming activities on knowledge and experience. In this
way, they can make informed decisions about the type and scale of aquaculture they want to practice and are
thus able to operate their fishponds in an economically viable and environmentally sustain ~ able manner .

Specifically, the capacity-building concept outlined here includes a methodological and didactical approach,
technical content and aquaculture related training materials. Also included is an M&E plan that allows for
assessing the progress of capacity building and provides information on which of the contents taught in the
training sessions are taken up and applied by the participants. Furthermore, the manual contains methodolo-
gies for monitoring fish growth, water quality and economic performance, as well as corrective measures to
maintain monitored parameters within expected ranges.

0.2 TARGET GROUP

The manual is aimed at government and civil society organizations that work with poor and disadvantaged
communities in rural Cambodia and are considering promoting fish farming as an additional source of income
generation and building sustainable livelihoo ds.

By using this manual, trainers and extension officers, W
farming. Trainers and extension officers can use this manual, training materials, activities, and session plans to

develop capacity-building programs for rural HH interested in aquaculture to improve their livelihoods by

producing fish as an additional source of protein and food, supplement their income sources, or even create

a small aquaculture business as a new income opportunity.

0.3 OBJECTIVE

At the end of such a capacity-building program, participants will be able to make informed and conscious
decisions about the level and scale of aquaculture operations they want to set up. They will understand the
economic implications of the various aquaculture options open to them and will be familiar with the different
technical requirements for cultivating different species. They will understand the economic and commercial
characteristics of different species, respective farming methods and related opportunities and risks. Further-
more, they will be able to design, build and expand aquaculture operations, which they deem appropriate for
their respective HH, their available resources and that meet their objectives.

Thetarget audience for the capacity-building program falls into two broad categories :

1. People who have no experience whatsoever in aquaculture, but would like to venture into fish farming,
and
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2. People who already have current or prior experience and background in aquaculture.

This second group may be called oemerging6 fish farmers. These a
aquaculture and are interested in sustaining, improving and/or expanding their farming. They may not have

been able to sustain their previous fish farming because of economic losses, have given up and want to restart

aquaculture activities.

Particularly the first group can be further categorized into those who are primarily interested in raising fish
for their own consumption and not -for-profit operations and those who want to add another revenue stream
to their farm and HH business to increase their income through the sale of fish.

Both subgroups require training in the fundamentals of aquaculture, from site selection and construction of
ponds, pond preparation, species selection, stocking and management. The second group of more experi-
enced farmers primarily need technical capacity-building in pond management for increasing their production
and access to finance for the investment needed to expand their operations.

While all groups need skill development in farm planning and management to achieve their respective eco-
nomic and financial objectives, the focus of this manual is to help interested farmers to gain basic knowledge
and skills to start small-scale fish farming operations with an understanding of the financial implications and
risks of increasing stocking and production rates for growing the ir business

0.4 TRAINING CONCEPT

The training program as outlined will consist of eight technical modules divided into several units designed
to provide both theoretical knowledge and practical skills for small-scale aquaculture operations, hatchery
management, fish feed production and fish processing . Special emphasis is placed on demonstrations and
hands-on learning. Demonstrations happen in various locational contexts, depending on the content, i.e., class-
room settings, demo-farms and farmer field schools (FFS) . Practical learning will take place at the partici-
pant sd o wn gréup memteringv iahdron-site technical input from trainers and technical experts.

0.5 METHODOLOGIAL /DIDACTICAL APPROACH

With this manual, trainers will be able to design and facilitate learning experiences on small-scale aquaculture
that enable households in rural Cambodia to acquire skills and competencies to operate economically, socially,
and environmentally sustainable aquaculture operations that enable them to produce fish for self -sufficiency
and small-scale commercial fish production.

The starting point for the development of this manual and its content was the following question: What should
the households be able to do at the end of the program?  The answer to this question provides the basis
for defining the learning objectives as they describe the capacities fish farmers need to manage fishfarming
operations successfully.

Capacities to establish and manage sustainable aquaculture operations that are economically viable entail the
ability to

1. Make decisions that are informed by sound technical knowledge and skills;

2. Take appropriate and required operational decisions, measures and actions for raising fish, and

3. Implement tasks and solve problems in a manner that is oriented towards achieving the operational and
business goals of the fish farm.

-10-
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LEARNING GOALS

The overall goal of the training program outlined in this manual is to enable participating HH to design and
manage economically viable aquaculture operations that ensure animakfriendly conditions, meet health and
safety standards for fish and fish products and minimize negative environmental impacts. Participants will be
able to monitor the growth, health and stock development of their fish, and to determine the basic parameters
for management such as fish stocking densities, feed and feed quantities and related costs, growth, water
quality and the economic efficiency of the operations.

LEARNING GOAL 1: UNDERSTANDING AND EVALUATING THE OPERATIONAL CONTEXT

The participants learn to understand their respective HH as small enterprises or business units that consist of
different branches or components, each providing a revenue stream and contributing to their livelihood (e.g.,
migrant labor, contract worker, rice production, vegetable production, animal husbandry etc.). They are able
to estimate and calculate the contribution of each of these revenue streams to their HH income and are able
to calculate their HH expenditures, allowing them to calculate how many human and financial resources they
will be able to invest in aquaculture operations. They understand the basic concepts of intensification of ag-
uaculture and can determine the level of aquaculture operations that are suitable and appropriate for their
HH. They are informed about sources of technical assistance and further skill development to manage and
potentially expand their aquaculture operations.

LEARNING GOAL 2: MANAGING AQUACULTURE FACILITIES

This constitutes the core of the capacity-building program. Participants gain an understanding of the operation

of aquaculture facilities for raising fish. They learn procedures for rearing, growing, and keeping fish (finger-
lings, fish for human consumptio n, brood stock) and understand the operational requirements (location factors
such as topography and water sources). They understand and can apply management, maintenance measures
suitable for their chosen level of production, such as maintaining an appropriate feeding regime, and pond
management measures that ensure good water quality, and sufficient oxygen levels for the fish to thrive.

They are able to plan the rearing, fattening and keeping of fish in ways appropriate for their respective facilities,
in line with their respective economic objectives and Good Aquaculture Practices GAQP), thus creating fish-
friendly conditions (temperature, water quality, stocking density). They are able to monitor and calculate the
necessary parameters for the management (fish stocking, feed quantities, feed conversion ratio (FCR)eed
cost, growth, harvest times, oxygen demand, oxygen content, nitrogen compounds) and the economic effi-
ciency (direct cost-free performance, contribution margin) of the processes.

They understand and can calculate production factors and costs (fixed costs, variable costs) of operating re-
sources to calculate prices, revenue and profits.

LEARNING GOAL 3: MARKETING OF FISH AND FISH PRODUCTS

Participants are able to inform themselves about markets for fish and fish products. They explore the market
for fishery products (fresh fish, processed fish, and quality labels) and can take production factors and costs of
their operations into account fo r determining prices and the profitability of their operations. They learn to
explore local and regional market opportunities, taking sustainability and economic viability into account.

The following key training topics are considered mandatory to achieve these learning goals:

Farm preparation

Site selection, excavation of ponds; aspects for farm layout design, species selection for different environmen-
tal conditions, adaptation to climate change, practical and locally suitable biosecurity measures.
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Operations

Stocking, feed management (details below), pond management, monitoring applied methods on fish health
and growth, biosecurity measure, grading water quality management.

Production planning

Understanding relationships between key technical parameters and how they relate to management decisions,
such as optimal stocking density, feed conversion ratio and economic decision-making about feed options,
water quality and related decisions to influe nce health and growth rate.

Harvesting/Post -Harvesting

Choice of harvesting equipment, handling, storage and transport including hazards, hygiene and quality con-
cept, time and temperature control for selling fresh fish, basic techniques and simple technology for pro-
cessing fish, main elements of marketing and practical application for smallholders

0.6 DIDACTIC AND PEDAGOGY

This capacity-building program aims at developing comprehensive competencies for managing pond aqua-

culture facilities. To achieve the | earning goalsg and t
and independently the acquired new knowledg e requires a blended learning approach that focuses on provid-

ing as much practical learning experiences in real life situations as possible Active and experiential learning

are thus the core of the program. The aim is to enable participants to integrate theoretical concepts, tech-

nigues and methods into their daily work life in their own fish farms

Action-oriented learning will thus complement conventional subject and technical teaching, which arises from
real life situations and experiences the participants make while managing their own aquaculture operations.
Consequently, learning experiences offeed by each module are structured following an action and experi-
ence-based learning cycle . Individual modules and units of the program comprise technical teaching sessions
followed by interactive workshop -type sessions during which participants discuss this technical subject mat-
ter in the context of their own HH and aquaculture operations and develop an action plan for applying this
newly acquired knowledge in their respective farms.

This phase is followed by a period of 6 f i -p I d ¢ t durim@ wéhich the participants implement these action

plans.The | ength of a o0field practice06 depeprededingomodule.he resp
For Example, after an initial training on site slelectio
phased will be ttheseattivitieeDuring thisitime, endntofing rwill facilitate a practical learn-

ing experience that allows them to identify issues and problems in their application of the learned subject
matter and to solve them independently. This approach will increase the effectiveness of learning as learners
are enabled to practice and transfer newly gained skills and knowledge to their daily life.

This approach strongly suggests timing the learning sessions as and when needed by farmers and their farm

operations progress. The design of each module considers the life realities of the trainees , who often are

engaged in various other income generating activities and usually will not be able to participate in conven-

tionally designed training courses that are offered over a certain period. Thus, the technical input and interac-

tive oworkshop styl ed sessi orbsnotddngertizac ¢ne day thliowed byaat = desi g
least a couple of days for field practice learning.
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0.7 LEARNING SUPPORTA TRAINING MATERIALS, SOCIAL MEDIA AND
INDIVIDUAL MENTORING

Wherever possible and appropriate during these periods of practical learning and application of learned skills
on their own farms, social mediaand individual mentoring will be used to supplement and support the learning
experience. However, for many ruralHH Cambodia conventional learning inputs and training handouts are not
very effective, as illiteracy is still widespread. Messaging needs to be appropriate, but simple. As far as the
technical infrastructure allows, social media and digital technologies can be used to support the learning ex-
perience.

However, continued illiteracy in some areas, limited access to power supply, the cost of technology such as
smartphones and the cost of internet access may prevent some HH from benefiting from these technologies.

There are different ways to address and med these challenges. At the end of each module, outlines of session
plans are presented, that can be used to design training activities. These have been tested with various com-
munities and HHs in rural Cambodia. They focus on keeping the presentation of input short and focus on

learning experiences such as interactive group work that considers the literacy level of participants and their

respective level of experiences in aquaculture. Input presentations are visual and picturebased rather than

text-based. Posters and picture cards that are sufficiently large for the audience to be seen when shown by
the trainer (DIN A2) are preferred over powerpoint, as they can also be passed around the audience for further
discussions and clarification.

Similarly, hawnay-tanngmatreoiaké are focusing on p-basedur es,
material cannot be totally avoided (such as farm records), it is suggested, wherever possible, to involve HH
members who can read and write (such as youth) during the mentoring sessions.

As in Cambodia the Telegram messenger service igprobably the most popular social media communication
tool. Trainers and extension officers can setup Telegram groups with trainee HHs and community leaders,
that can be used as platforms for immediate feedback and technical advice on issues faced by the trainee HHs.

0.8 QUALITY STANDARDS AND M&E

The quality and success of each capacity building program is demonstrated by the successful application of
the learned content by the participants. The perspective of the participants and their personal and professional
progress is important to assess whysome learning experiences are more successfull implemented than others.

Immediate training feedback

A commonly used method of evaluation is to survey participants immediately after a training session using a
short, anonymous questionnaire that addresses five different areas (relevance of topics, learning success, qual-
ity of trainers, group experience, and personal well-being). However, in the local context of rural Cambodia
and in line with the spirit of participatory, interactive training approaches, it is suggested to not use individu-
alized questionnaires (participants may be illiterate), but to use media such as flip-charts instead. This practice
allows for a visualization of the feedback questions. Participants can give their feedback by marking relevant
categories on the flip chart and can provide comments either during a plenary discussion or during work
sessions in small groups on colored Meta cards. If participants are illiterate, this can be done by the trainer.
Time for such feedback will need to be allocated and indicated in each session plan, and examples of these
will be included in the session plan outlines.

-13-
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Assessing uptake of learning content

The modular training concept provides participants with time between the various modules to apply what they

have learned on their own farms. Before the follow-up training module is organized,
should be conducted to assess to what extend they applied the learned content in their own farms. This is to

assess the training provided, whether teaching methods are appropriate, whether offered learning content is

relevant or needs to be adjusted to meet local requirements and realities and whether some learning content

needs to be re-enforced in follow -up training session or through mentoring.

Final evaluation

For the final evaluation, another questionnaire-based surveyshould be conducted. It could comprise topics

that refer to the content of the course (subject, intensity, design) as well as quality of the handouts provided,
usability of the training in oneds daily work I|Iife, grou
the concluding evaluation combines multiple -choice questions and the opportunity for individual comments

in written form. The accumulated results of this evaluation provide impo rtant information for the continuous

improvement of materials and methods as well as a detailed review on the progress of the course and the

teaching quality.

0.9 OVERVIEW OF THE TECHNICAL TRAINING MODULES

Modules can be taken sequentially, i.e., from module one to eight, or as stand-alone learning units, depending
on the need of the trainees. These eight modules are consideredcore modules , containing key learning con-
tent, that each fish farmer is expected to be familiar with and able to apply. Additional modules and learning
experienceswill provide additional learning and capacity -building opportunities for farmers who want to ex-
pand and diversify their business into seed and fingerling supply, fish feed production or fish processing.

Module Module

Sevie— Teaching Subject 1

fion } matter Lomn

As an introductory module, this module will focus on basic economic principles of aquaculture in small ponds.

It will familiarize farmers with the core interrelationships between basic production parameters such as levels

of stocking densities and feeding regimes from natural feed-based production with supplementary feeds to

intensive production systems with high stocking densities and feeding regimes based on commercial pelleted

feed. Understanding these basic principles will allow the fish farmerstoasss s t heir HHs® capaci ti ¢
in fish farming and what type and level of aquaculture operations they might want to engage with the re-

sources at their disposal.

Participants will learn about various species that are available to them for aquaculture, their suitability and

economic potential. With this understanding of their respective HH farms, they will have the requisite
knowledgetodevelop 6 f ar m business plansé that provide a framewor k
ment decisions.
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This module aims predominantly at participants who intend to start fish farming activities and covers site
selection and pond construction. However, it will also enable existing fish farmers to re-evaluate their ponds
and location with a view on their suit ability and potential and a possible need to re -work them.

The aim of this module is that participants will be able to

1. Understand and asses the suitability of their land for establishing ponds.
2. [Excavate appropriate and safe new fishponds or rework existing ponds, e.g., slope design and gradi-
ents, stabilizing slopes.

Topics to be covered include

3. Pond location, soil type, water type and sources,vegetation etc.
4. Pond size, slope rate, depth, pond embankment, bottom etc.

This module is about getting the pond ready for stocking. Participants will learn how to prepare the pond and
create a pond environment that is conducive for fish farming. Moreover, participants learn about the role of
lime application and fertilization to create a pond ecosystem that produces natural feed for growing fish.

1. Pond preparation (dry up, lime application, fertilizer application etc.)
2. Inspection and assessment of natural feed prior to stocking.

The module providesthe participants with decision -making tools that allow them to select species for stocking,
based on criteria such as their market value, local availability, resilience to climate change and changes in
weather and water quality, complexity of farming requ irements such as feeding, water quality and pond man-
agement, and being approved for farming by the government.

Key units of the module cover:

1. Selecting good quality fingerlings .
2. Fish seed and fingerling transportation and releasing.

At the end this module, the farmers understand the basic feed requirements, relationships between feed com-
position and growth rates, concepts of overfeeding and water quality and the economic consequences of
various feeding regimes and systems:

1. Type of Fish Feedd Commercial feed versus home-made feed, natural and supplementary feed, eco-
nomic considerations, ecological/water quality considerations, feed conversion ratio.

2. Feeding methods.

3. Growth monitoring and feeding requirements.

The focus is on producing natural feed through fertilizing the ponds and the use of supplementary feed in
extensive and semkiintensive production systems.

The importance of feed conversion ratio (FCR) and the calculation of feed cost (money speit on feed/kg fish
produced). We expect the majority of farmers to be unable to afford industrial feed. For them, we will cover
the production and utilization of home -made feeds as alternative feed sources. The focus here is on

-15-



giz

using ingredients that are freely (or cheaply) available for the households and that can be used to sup-
plement the natural food in the pond.

In this module, farmers learn how to monitor the health and growth of fish and appropriate interventions in
feeding regimes and water quality management to mitigate fish growth and health issues

1. Fish survival rate measure
2. Water quality management
3. Fish disease management

Farmers are able to decide when and how to harvest the cultivated fish and can choose approprate harvesting
technologies for:

1. Harvesting techniques
2. Partial and selective harvesting
3. Full harvest, as per their economic and farming objectives and respective management requirements

With the technical knowledge and skills gained in the preceding modules, participants will already have a good
understanding of economic implications of their pond management. Record keeping tools such as growth and
production monitoring and feed records w ill be revisited as integrated and comprehensive tools for accounting
and economic analysis of the farm operations.

This will allow farmers to identify areas and approaches to reduce production costs and increase productivity
and develop a better understanding of the economics of their fish farming operation. They will learn to keep
management diaries or record books to monitor and analyze the economic progress of their production and
the respective costs of feeding and management. By integrating fish growth, consumption and mortality into
tools such as income and expenditure recording and calculation of revenues and profits, they will be able to
evaluate their fish farming more realistically than looking only at production cost s (such as costs of feed) and
income generated from the sale of fish.
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MODULE 1

1 MODULE 1: ECONOMIC PRINCIPLES OF FISH FARMING
AND FARM PLANNING

Many small-scale fish farmers in Cambodia start engaging in fish farming without having a clear plan about
what they want to achieve and what is required for successful fish farming.

However, such planning is important, as fish farming has some risks that need to be considered and be pre-
pared for. Business planning helps to assess the economic potential of fish farming and its profitability. A good
business plan may help in accessing inance for investment into the farm. The business planning process will
involve an assessment of potential sites and their suitability, species and market assessment. Land, water, cap-
ital, a market, access to supplies and management skills are essential teuccessful fish farming. Business plan-
ning includes setting objectives, determining market potential, production feasibility and financial feasibility.

The tools and inputs presented in this module enable HHs to draft initial farm plans for their aquaculture
operations. They can analyze their HH economics and assess the potential to integrate fish raising into their
HH economy.

This module aimsto enable fish farmers to understand the economic implications of engaging in fish farming.

They will understand basic economic principles of various production systems from extensive (low stocking

densities) to intensive (high stocking densities), i.e., the respetive investment requirements and potential re-

turns and benefits. This will enable them to decide whic

1.1 HH INCOME AND EXPENDITURE ANALYSIS

In a first step, the farmers need to understand whether and how much their HH can invest in starting or ex-
panding fish farming operations. They can assess their total HH income and determine how much of this they
can spare to invest in aquaculture.

The HH Income and Expenditure Analysis Tool allows participants to identify and evaluate their main
sources of income in cash andexpenditure. By comparing income and expenses, HHs can determine how much
they may be able to invest (additionally) in aquaculture operations and reconsider expenditures for potential
savings

During the training, participants will practice the tool in small groups and then be able to create an income
and expense for their own respective HH.

This exercise is important, as many farming HH in rural Cambodia already are in debt and often need to borrow
money for financing their respective livelihoods. Ideally, new and additional investments in fish farming should
be financed without taking (furth er) loans and not increase the HH debt.
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Tablel: Exercise HH Income and Expenditure Analysisl

HOUSEHOLD INCOME AND EXPENDITUREANALYSISTOOL

Objective Participants understand the various revenue streams and expenditure of their respective HH
Method Smalkgroup work

Time 60 minutes

Who All participants in small groups, facilitated by the trainer

Materials Flipchart with example matrix

1. Ask the participants to list all activities that generate income and contribute to their HH livelihoods.
Explain that activities that are dedicated to produce food for the HH are also to be listed (e.qg., vegetable
production) in the first column.

2. Ask them to estimate the income they are able to generate per year with each of these activities.

3. Inthe third column, they will list all major areas of expenditure and estimate the amount of expenditure
spent on each of these items per year.

Table2: Example calculatiastimatedHHyearlyincome & expenditure

SOURCES ﬁ\IFCLOI\,\//IEELIHOOD AND R(E?éb’i(éigf EXPENDITURETEMS REA(LRIE(S\I(EENADSURE
Al Rice production E1Food
A2 Daily labor E2Land lease
A3 Vegetable production E3School
A4 Livestock (chicken, pig, cattle)pro- E4Clothing
duction
A5 Cassava production E5Transport

A6 Fish farming

E6 Debt servicing

A7 @&. E7é
A8 & E8é
Yearly total Total expenditure

Amount available to invest/spend on
fish farming

If Balance is negative: Sources of in-
vestment for fish farming

S1: Reduced spending on/Saving
Clothing

S2: Reduced spend
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If the income is greater than the expenditure, ask them to consider how much of this they can or want to in vest
in aquaculture operations.

If the income is lower than the expenditure i.e, the balance is negative, they need to consider.

A Inwhich areas they may be able to reduce their expenditure or in which areas they may be able to increase
their income.

A Whether a temporary increase of their HH deficit for investment in aquaculture may lead to an increase
of income that in the medium and long term can reduce the deficit and even lead to a profit.

Building the capacity to answer the last question and being able to decide on the economic role and contri-
bution fish farming may play for an individual HH is the focus of the following sessions.

For some participants in the training, it may be too difficult to make the above estimates and fill in the table ,
particularly when estimating on an annual basis. In this case, ask them, how much money they can afford to
spend on fish farming per month. This will help in deciding the production level, i.e., stocking density, they can
afford. Often, farmers just want to stock many fish without understanding the management requirements and
the economic and financial implications of high stocking densities. Many farmers stock their ponds at high
densities and then are not able to afford feed and potentially other management inputs that would be required
to achieve good and profitable farming results.

Taking a decision on stocking density requires an understanding of the basic principles and interrelationships
between stocking density, feeding regimes and water quality management and the respective economic im-
plications and financial requirements

1.2 BASIC PRINCIPLES OF INTENSIFICATION IN AQUACULTURE

Farm and business planning for pond and farm operations need to be based on the objectives, capacity and
resources of the farmer. The production system (stocking density, species, feeding regime etc.) that the farmer
will establish needs to be able to farm the selected species at production costs that are lower than the potential
sales value of the farmed fish at the end of the production cycle.

The farmer needs to set production targets in line with their financial and technical capacity and resources.
Accordingly, an appropriate stocking density and respective feeding and management system will be devel-
oped and applied. Stocking density and potential production depend on the carrying capacity of a pond and
the extent to which that carryi ng capacity can be increased through water quality management and feeding

However, increasing the carrying capacity of a pond through appropriate water quality management and feed-
ing regimes requires higher investments and increases the risk of losing money in case of theft, flooding or
diseases.

The number of fish the farmer is going to raise, that is, the stocking density, depends on the available resources
andt he f ar me r @Gapacity.®ependingioc the species chosen, stocking densities can varyconsidera-
bly, and levels of intensification are fluid, but generally can be separated into extensive (low stocking densities),
semi-intensive and intensive (high stocking densities).

-19-



Table3; Basic production systems for aquaculture (extensives;iseEmsive and intensive)

Extensive farming system

Low stocking density and de-
pendency on natural feed. The
very high protein content of
the natural feed should be sup-
plemented with some amount
of freely and easily available
carbo-hydrate rich inputs that
are available on the farm like
rice bran, maize bran, broken
rice. If time allows additional
feed can be collected like
duckweed, Azolla, and ter-
mites. Some fish also feed on
kitchen scraps/vegetables etc).

Figurel: Extensive farmingupplementary feeding with termites)

Source: GFA
1. Stocking density between of 0.5-2 fish/m?
2. Management effort after releasing fingerlings focused on in-

creasing natural productivity of the pond through fertilization

3. To supplement the available natural feed and make use of its
high protein content, carbo -hydrate rich agricultural by -prod-
ucts such as rice brancan be used to feed the fish

Figure2: Example of an extensively managed pond
PhotacreditNget Touch/GFA, SAFkdect
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Semi-intensive

In this approach, the farmer re-
lies to some extent on natural
feed production in the pond
through fertilization.

However, stocking densities
are too high to rely on the pro-

tein from nature only and ad-
ditional protein is needed to
meet the nutritional require-

ments of the fish. This feed can
be home-made or commercial
feed. The farmer needs to care-
fully consider the costs of pro-

ducing home-made feed (in-
gredients, time and effort).

The higher the stocking den-
sity, the lower the contribution
of the natural feed. higher the
feed requirements, and the
farmer will reach a point, at
which home-made feeds will
have a negative impact on wa-
ter quality. Wellformulated
commercial feeds are digested
much better by the fish and
therefore produce less organic
load in the pond.

Figure3: Semiintensive farming
Source: GFA

1. Stocking density between of 3-5 fish/m?

2. Management (application of fertilizer for creating natural food , ex-
change water if need, keep aquatic plants)

3. Regular feeding with formulated feed, which can be home -made or
commercial

Figured: Example of a sesmitensively farmed pond
PhotacreditTheo EbbefGFASAR Project
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Intensive

High stocking densities and
the use of commercial, pelleted
feed.

Additional technical inputs
such as installations and
equipment for water manage-
ment are needed, as oxygen
becomes a limiting factor (if
not culturing air breathing fish)
and water quality may suffer
from too much fish waste.

3 OR

Figure5: Intensive farming

Source: GFA

1. Stocking density between of 6-50 fish/m?2 or more depending on
technical inputs

2. Regularwater exchange, observe & monitor fish health and use
water-treatment & medicine for infections, use mineral vitamins,
install aeration system depending on fish species

3. Feed(regular and daily fish feeding with sufficient nutrients, usually
commercial formulated feed)

f; ) * - 4 { N
Figure6: Example of an intensively farmed pond
Photacredit: Ngetolich/GFA, SAFRject
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The more intensive the production system, the more investment is needed and the higher the operation costs.
While the overall production in intensive systems is high, the production costs (Rielkg) is much higher than in

extensive systems.

The trainer can visualize this relationship with the following chart. Sample production calculations for various

species below further illustrate these relationships:

Figure7: Principles of intensification in aquaculture

Low Socking
Density

High Contri-
bution and
dependency
on natural
feed

With a low stocking density, the farmer can rely more on natural feed.

Low de-
pendence
on artificial
feed

At higher stocking densities farmer relies more on artificial and
commercial feeds

Lower risk

With increasing stocking density and the required higher in-
puts, there is an increasing risk for the farmer, because fish
have a greater chance to suffer from water quality issues (oxy-
gen deficiency, too high ammonia, unstable pH, etc), also
more diseases are found at higher stocking densities, preda-
tion and theft may also increase.

Profit per kg
fish raised

With a low stocking densityand a high contribution of natural
feed (no inputs of commercial feed) the total kg of fish per m?
of pond is less, but the profit per kg of fish is high.

Left side you make more money/kg with less kg, and on
the right side, you make less money/kg with more kg.
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Low Contribution
and dependency
on natural feed

High dependence
on artificial and
commercial feed

Higher risk

With increasing
effort, i.e.
increasing inputs
(investment in
feed and
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Increasing
total profit
potential

Increasing
technical
economic
capacity

With a high stocking density the total profit per kg fish is less,
but the quantity of fish is more. With high investment and
good management overall profit can increase with increasing
stocking density.

To manage a fish pond with a high stocking density requires
more capital to invest (e.g. in feed) and more technical
knowledge and experience to manage the pond and maintain
water quality.

Using theseguiding principles, f ar mers can identify the
level of investment for their respective business goals.

Profit

Potential profit per kg
Potential profit with

fish production %
ok
artificial feed

N
/ 5
/‘/ N

technology)
production and
profit can be
increased up to a
point at which any
inputs do not
generate additonal
gains

economic

| | i | |
| | | I
Increasing stocking density (pc/m?°r3)

Figure8: Increasing stocking density (péard

Source: GIZ

With little investment (natural and supplementary) feed, the farmer produces fewer fish with a higher profit
per kg and less overall risk When feeding artificial feed (also depending on the price of the feed), the invest-
ment increases significantly andfarmers can run into debt as soon as the growth reduces due to e.g., poor
water quality. This happensquickly at high stocking densities because oxygen and water quality suddenly
become limiting factors for fish growth . Fish will still eat but will grow very little. The energy from the feed is
spent to survive by fighting the poor living conditions. Little energy is left for growth. At this point, the blue
curve quickly drops below zero profit.
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1.3 BASIC FARM PLANNING

Stocking, feeding and harvesting need to be carefully planned, as these determine most of the cash flow of
the HH or farm. If a farmer has several ponds, these can be stocked at different times; to spread the expenses
for seed and feed. Income will also be spread over time if seasonality and availability of fingerlings allows.
However, a disadvantage of this is that harvest and transport need to be done more frequently. Therefore, the
farmer should look at his financial situation as well as the market to decide what the most suitable production
plan is. Before buying seed, the stocking density needs to be decided. After a few batches, thefarmer will know
how fast the fish grow so that harvesting can be planned more carefully.

Before stocking, think of your objectives first. If you intend to sell your fish, find out what size of fish is preferred
by the market and for what price you can sell the fish. Growing fish up to a size that is both profitable and
easier to sell. Calculate the number of fish that can be stocked in the farm and the costs of the fingerlings.
Then calculate the amount of feed you need for these fingerlings to grow to market size and the investment
you have to make for this amount of feed.

If you set up a new aquaculture production, you need to have enough money to set up a farm, i.e, pond
construction, preparation and stocking, buying the fingerilngs and feed until the first harvest. After your first
harvest, you can use your earnings to buy newfingerlings and feed.

Do not wait to look for a market until the fish are ready to be sold. Before stocking the fish, you should already
know that there is a market to sell the fish unless you want to eat all the fish yourself.

Use the sample calculations below to assess whether your ideas about fish farming and your desired goals are
economically feasible and what you may need to adjust about your plan.

Before considering engaging in aquaculture, it is also helpful to prepare a basic activity calendar, such as the
one below, to assess whether your other seasonal activities, such as rice farming, overlap with potential fish
farming activities and whether you would have the financial and human resources needed for fish farming.

Tabled: Seasonal activity calendar

Work Plan Calendar for Fish Production
Activities J F M A MJ J A S O N D

Dig fish pond
Prepare fish pond
Stocking fish
Raising fish period

o o~ W N

Harvest fish

Farming activities

Rice field preparation
Rice planting

Rice harvest

Cashew nut management

Cashew harvesting
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Work Plan Calendar for Fish Production
Othersé .

Water Availability

EEEEE
AN

High water levels (river, lake,
ground water)
Expenditure burden
Festive Season\ater Festival, Khmer
New Year, Pchum Ben)
EE

Community ceremony .-
Beginning of School, uniform .-

Othersé .

Exercise (60 min): Participants prepare seasonal activity calendar.

Divide the participants into groups of around 10 people and give each group flipchart paper. Ask the groups
to prepare a table with 14 columns, with the first column for activities & events, 12 columns for the months of
the year and 1 column for comments.

Ask them to list all important economic and farming activities, social events and festivals in first columns and
highlight these in the respective corresponding monthly columns. Let them add comments as needed.

Let the groups present their calendars and in the plenary discussion ask them to discuss and identify those
mont hs whi ch ar whertheyhave thewcapacify tosemgdge in fish farming.

The trainer/facilitator then takes one of the group outputs and adds a typical fish farming calendar, considering
issues such as:

A Pond construction at/during the dry season
A Preparation with the onset of the wet season
A Harvest atthe beginning of the dry season
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FARM PLANNING EXERCISES AND EXAMPLIEOF PRODUCTION PLANNING CALCULATIONS

Ask the participants to answer the following questions:

1. What product or service will your aquaculture operation provide? (Selling good quality fish , production
of fish for own consumption)

Who will be your customers? (fish traders, hotels, supermarkets your own HH)

Why will your customers buy from your business rather than from our competitors? (good size, high

quality fish)

Will you plan in days, weeks or months? (as per growing cycle of fish)

What important equipment and supplies will be needed and what will they cost? (digging tools, feeds,

seed)

6. What is your best guess of the total sales and expenses for each period? (How much are seed, feed
and how much do you sell fish for?)

How much money is needed to start the business and keep it running until it makes a profit?

Who is going to provide this money? (farmer, loan)

Who is starting the business and what skills do they have that should enable them to succeed? Do they
need training? Does the person have the right mind-set and attitude to start a business?

The tools and templates below will support farmers to draft basic farm plans that are appropriate for their
respective levek of operations, including options for scaling up.

The example calculations provided below also are designed to further help the farmer understand the eco-
nomic implications of different production levels (extensive, semi-intensive, intensive).

Tableb: Example of a simple production plan

Size of fish for market At what size will you sell your fish? 5009
Growing period (months) How long do farmers take/plan to grow their 10 months

fish to this size?
Size of pond Total area of the pond 600sgm
Stocking density/number of fish 2/sgm 1,200 total number of fish
Survival rate 90% 1,080 surviving fish
Harvest goal (total kg to be har- How many kg in total is the expected harvest 1,080 fish & 0.5kg = 540kg
vested)
Amount of feed needed Assume Natural feed, with some supplementary | N/A

feed that is available to the HH
Cost of feed Assume some cost of getting/applying some 400,000KHR0 100$

feed-supplements (such as solar light for at-
tracting insects, feeding trays, transportation of
feeds)

Cost of seed

1,200 fingerlings 200KHR/fingerling

200KHR * 1200 = 240,000KHR
= ca 60%

Other costs Transportation, equipment (nets for fencing, 400,000KHR® 100$
lime for pond preparation etc.)
(Green net, lime, transportation, electricity, labor
etc.)
Total cost 1,040,000KHRD 260%
Potential sales 800g/fish * 1,080 fish @ 10000KHR/kg 5,400,00KHR& 1,3506
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Potential total profit Potential salesd Total cost 5,400,000KHR? 1,040,000KHR =
4,360,000KHRd 1,900%

To help participants understand this example production plan and develop a plan that is suitable for them, i.e.,
a plan that is within their financial capacities and meets their fish farming objectives, below are some example
calculations for four species (Tilapia, Walking CatfishStriped Catfish/Pangasius and Silver Barb) at threedif-
ferent production levels, i.e., extensive, semiintensive and intensive.

With these sample calculations, farmers can see and estimate the input costs required for these different pro-
duction systems and use these in supporting their decision-making process of which species and which pro-
duction system to use, based on the level of investment they can afford with the financial resources they have.

They show that, generally, extensive, naturalfeed based systems are providing higher returns per kg of fish
produced and are more suitable for farmers who cannot afford high investments.

Such systems are more appropriate, if farmersd main pur |
consumption, and if they do not have much financial resources to invest in fish farming. The income through
the potential sales in these exampless 0i ndirect d income, as it represents t

the farmers and their HH.

Semtintensive systems are suitable for farmers who have more financial resources to invest and are aiming to
sell most of their fish.

Intensive systems, as shown in the calculations below, require comparatively large investments, and only farm-
ers who are able to make these investments should consider these.

Table6: Case 1 Tilap@Comparison of extensive, santensive and intensive production systems
FACTOR I EXTENSIVE l SEMI-INTENSIVE ‘ INTENSIVE

Size of fish for market

What size will you sell your | 0.5kg 0.5kg 0.5kg
fish?

Growing period (months)
How long do farmers

o 10 months 8 months 7 months

take/plan to grow their fish to
this size?
Size of the pond

600sgm 600sgm 600sgm
Total area of the pond (m?)
Stocklng density/number of 0.5 head 3 heads 6 heads
fish (m?)
Total fish per pond (Head) 300 1,800 3,600
% Survival rate 95 90 80

Example stocking density 0.5 | Example stocking density 3 | Example stocking density 6
head/sqm and targeted fish | head/sqm and targeted fish | head/sqm and targeted fish
weigh 0.5kg/head. weigh 0.5kg/head. weigh 0.5kg/head.

Harvest goal (total kg to be
harvested)

How many kg in total is the
expected harvest?

300*95/100*0.5=142.5kg 1,800*90/100*0.5=810kg 3,600*80/100*0.5=1,440kg
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FACTOR

(# stocked fishx% sur-
vival/100 xtargeted fish
weight)

EXTENSIVE

SEMFIINTENSIVE

INTENSIVE

Amount of feed needed (kg)
Assume FCR 1,5 Commercial
Feed and 2.5 for home-made
feed

(FCRxtotal target weight of
fish production)

N/A

Option A
810kg * 35 = 2,835kg

1,440kg x 1.5 = 2,160kg

Total cost of feed (Riel)
(total feedxprice/kg)

Home-made feed 1.500 x/kg

2,835x1,500x =4,252,500KHR | (2,160x3500KHR

Commercial feed: 3500x/kg (1,063.1%) =7,560,000KHR {,890%)
Total cost of seed (KHR
Total ked fi h( ) 220KHR/fish x 300 fish = 220KHR x 1,800 fish = 220KHRx3600 fish =
(o gl e 66,000KHR (16.%) 396,000KHR (99%) 792,000KHR (198%)
xprice/head)
Other costs (KHR) pond
fence net, lime, transporta- | 200,000KHR (50%) 400,000KHR(100%) 600,000KHR (1509)
tion, electricity, labor etc.)
Total expenditure cost (KHR)
Cost of feed + cost of seed + |266,000KHR (66.5$) 5,048,500KHR (262.1%) 8,952,000KHR (238%)
other costs
TOta: Eoéemli; income (KHR) | 11> 5kgx8 000KHR = 810kgx8 000KHR = 1440kgx8,000KHR =
(total fish productionx ex- |, 1 46 50k HR (B58) 6,480,000KHR (20$) 11,520,000KHR 2.8808)
pected fish price/kg)
Potential profit (KHR L
(Total tp i I(' ) - 1,140,000KHR-266,000KHR = | 6,480,000KHR- 5,048 500KHR ég:;%ggiﬁi‘q_

otal potential income-total _ 1992, =

874,000KHR(218.5 = 1,431,500 KHR(357.9

expenditure cost) ( % L ( % 2,568,000KHR(642%)
Profit per 1$ spent : 1 spent | 3.3$ 03% 03%
gain XXX$= (Profit / total ex-
penditures)
Production cost per kg = (to- 047% 16$ 15%
tal cost/expected kg)
Profit per kg = 1.5% 0.44$ 0.45%

(Potential profit/expected kg)

Exercise

Participants calculate for
1/sgm and targeted fish
weight 1kg/head

Participants calculate for
5/sgm and targeted fish
weight 1kg/head

Participants calculate for
10/sgm and targeted fish
weight 1kg/head
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Table7: Case 2 Walking Catfi8iComparison of extensive, santensive and intensive production systems

FACTOR

Size of fish for market

What size will you sell your
fish?

EXTENSIVE

0.2kg

I SEMFIINTENSIVE

0.2kg

INTENSIVE

0.2kg

Growing period (months)
How long do farmers
take/plan to grow their fish to
this size?

10 months

8 months

6 months

Size of pond
Total area of the pond (m?)

600sgm

600sgm

600sgm

Stocking density/number of
fish (m?)

1 head

5 heads

30 heads

Total fish per pond (Head)

600

3,000

18,000

% Survival rate

90

85

80

Harvest goal (total kg to be
harvested)

How many kg in total is the
expected harvest

(# stocked fishx% sur-
vival/100 xtargeted fish
weight)

Example stocking density 1
head/sqm and targeted fish
weigh 0.2kg/head.

600*90/100*0.2=108kg

Example stocking density5
head/sgm and targeted fish
weigh 0.2kg/head.

3000*85/100*0.2=510kg

Example stocking density 30
head/sgm and targeted fish
weigh 0.2kg/head.

18,000*80/100*0.2=2,880kg

Amount of feed needed (kg)

Assume FCR 1,5 Commercial
feed and 2.5 for home-made

feed N/A 1,785g 4,320kg
(FCRxtotal expected weight

of fish production)

Total cost of feed (Riel) 0 1,785x1,500x = 2,677,50KHR | 2430x%3,500x =

(total feedxprice/kg)

(669.43)

15,120,000KHR @,7808)

Total cost of seed (KHR)

| ved fish 150KHR x 600 fish = 150KHRx3,000 fish = 150KHRx18,000 head =
(T e el s 90,000KHR(22.55) 450,000KHR (12.5%) 2,700,000KHR 6759)
xprice/head)
Other costs (KHR) pond
fence net, lime, transporta- 200,000KHR (50%) 400,000KHR (100%) 600,000KHR (150$)
tion, electricity, labor etc.)
Total expenditure cost (KHR)
Cost of feed + cost of seed + |290,000KHR 72.5%) 3,527,50(KHR 881.2%) 18,420,000KHR 4,605%)
other costs
Total potential income (KHR) 108kg x10,000KHR= 510kgx10,000KHR = 2,880kgx10,000KHR =
P 1,080,000KHR @70%) 5,100,000KHR {,275%) 28,800,000KHR 7,200%)
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FACTOR I EXTENSIVE I SEMI-INTENSIVE ‘ INTENSIVE
(Total fish productionx ex-
pected fish price/kg)
Potential profit (KHR
(Total potht'aI('ncon)m otal 1,080000KHR- 290,000KHR | 5,100,000KHR3,527,50(KHR igjggggg:::g _

ial i - 420, =

= 790,000KHR 197.5% = 1,572,50KHR (393.2%

expenditure cost) ¢ ) ¢ ) 10,380000KHR @,595%)
Profit per 1$ spent : 1$ spent 15% 05% 0.56%
gain XXX$= (Profit / total ex-
penditures)
Production cost per kg = (to- |0.7$ 1.7% 1.6%
tal cost/expected kg)
Profit per kg =
(Potential profit/expected kg) |1 gg 0.8% 0.908

Exercise

Participants calculate for 2
fish /sqm and targeted fish
weight 0.2kg/head

Participants calculate for 5
fish/sgm and targeted fish
weight 0.2kg/head

Participants calculate for
50/sgm and targeted fish
weight 0.2 kg/head

Table8: Case 3 Striped CatfiPangasiugTrey Prad Comparison of extensive, santensive and intensive production sys-

tems
FACTOR I EXTENSIVE l SEMI-INTENSIVE ‘ INTENSIVE
Size of fish for market
What size will you sell your | 1kg 1kg 1kg
fish?
Growing period (months)
i ey e farmers. . 10 months 9 months 8 months
take/plan to grow their fish to
this size?
Size of pond
600sgm 600sgm 600sgm
Total area of the pond (m?)
S.tOCkng densitylnumber of 0.5head 3 heads 30 heads
fish (m?)
Total fish per pond (Head) 300 1,800 18,000
% Survival rate 95 90 85
Harvest goal (total kg to be
harvested) . . . . . .
- K lis th Example stocking density 0.5 | Example stocking density 3 | Example stocking density 30
ow ma;)rq Ut head/sqm and targeted fish | head/sqm and targeted fish | head/sqm and targeted fish
L weigh 1kg/head. weigh 1kg/head. weigh 1kg/head.
i 0, -
e 300*95/100* 1=285kg 1800%90/100*1=1,620kg 18,000%85/100* 1= 15,300kg
vival/100 xtargeted fish
weight)

-31-



FACTOR I EXTENSIVE I SEMI-INTENSIVE ‘ INTENSIVE
Amount of feed needed (kg)
Assume FCR 1,5 Commercial
Feed and 2.5 for home-made N/A 5670 22950
feed
(FCRxtotal weight of ex-
pected fish production)
Total cost of feed (Riel) 0 5,670x1,500 = (22,9503 500 =
(total feedxprice/kg) 8,505,000KHR@,126.35) 80,325,000KHR 20,0813)
Total cost of seed (KHR) i
Total ved fish 120KHRx300 fish = 120KHRx1,800 head = 120KHRx18,000 head =
(CIE e Sl 36,000KHR 0%) 216,000KHR 649) 2,160,000KHR §409)
xprice/head)
Other costs (KHR) pond
fence net, lime, transporta- 200,000KHR (50%) 400,000KHR (100%) 600,000KHR (150%)
tion, electricity, labor etc.)
Total expenditure cost (KHR)
Cost of feed + cost of seed + |236,000KHR (59%) 9,121,200KHR (2,280%) 83,085,000KHR (20,771$)
other costs
Total potential income (KHR
- I]E h producti ( ) 285kgx6,000KHR = 1,620kgx6,000KHR = 15,300kgx6,000KHR =
X =
QTS (RS e 1,710000KHR ¢27.58) 9,720000KHR @,4303) 91,800,000KHR 22,9505)
pected fish price/kg)
Potential profit (KHR
(Total tp i I(' ) - 1,710000KHR 236,000KHR = |9,720000KHR 9,121,20(KHR :;03228885:5_
otal potential income-total _ : =
1,474,00KHR (368.5% = 598,800KHR (149.7%
expenditure cost) ¢ ) ¢ ) 8,715000KHR @,179%)
Profit per 1$ spent : 1$ spent | 6-35 0.07% 0.11$
gain XXX$= (Profit / total ex-
penditures)
Production cost per kg = (to- |0.21$ 1.41$ 1.36%
tal cost/expected kg)
Profit per kg =
(Potential profit/expected kg) |1 33 0.0% 0.14%

Exercise

Participants calculate for
1/sqm and targeted fish
weigh 1,5kg/head

Participants calculate for
5/sgm and targeted fish
weigh 1,5kg/head

Participants calculate for
20/sgm and targeted fish
weigh 1,5kg/head

Tabled: Case 4 Silver BaiComparison of extensive, sdntensive and intensive production systems

FACTOR I EXTENSIVE I SEMI-INTENSIVE ‘ INTENSIVE
Size offish for market

What size will you sell your | 0.3kg 0.3kg 0.3kg

fish?

Growing period (months) 10 months 6 months 5 months
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FACTOR

How long do farmers
take/plan to grow their fish to
this size?

EXTENSIVE

SEMFIINTENSIVE

INTENSIVE

Size of pond
Total area of the pond (m?)

600sgm

600sgm

600sgm

Stocking density/number of
fish (m?)

0.5 heads

3 heads

6 heads

Total fish per pond (Head)

300

1,800

3,600

% Survival rate

95

90

80

Harvest goal (total kg to be
harvested)

How many kg in total is the
expected harvest

(# stocked fishx% sur-
vival/100 xtargeted fish
weigh)

Example stocking density 0.5
head/sgm and targeted fish
weigh 0.3kg/head.

300*95/100*0.3=85.5kg

Example stocking density 3
head/sgm and targeted fish
weigh 0.3 kg/head.

1800*90/100*0.3=486kg

Example stocking density 6
head/sgm and targeted fish
weigh 0.3 kg/head.

36,00*80 /100*0.3= 864kg

Amount of feed needed (kg)
Assume FCR 1,5 Commercial
Feed and 2.5 for home-made
feed

(FCRxtotal weigh of fish pro-
duction)

Assume freely available
carbo-hydrate rich agricul-
tural byproducts @ no costs

486kg x 3.5= 1,701Kg

864kg x 1.5 = 1296kg

Total cost of feed (Riel) 0 1,701kgx1,500KHR= 1,296kgx3,500KHR=
(total feedxprice/kg) 2,551,500KHR(637.9%) 4,536,000KHR(101,134%)
Total cost of seed (KHR) ) . )

I ved fish 220KHRx300 fish=66,000KHR| 220KHRx1800 fish = 220KHRx3600 fish =
(T e el s (16.59) 396,000KHR (99%) 792,000KHR (198$)
xprice/head)

Other costs (KHR) pond

fence net, lime, transporta- 200,000KHR (50%) 400,000KHR (100%) 600,000KHR (150$)
tion, electricity, labor etc.)

Total expenditure cost (KHR)

Cost of feed + cost of seed + | 266,000KHR (66.5%5) 3,347,50(KHR B836.9%) 5,928,000KHR (1,482%)

other costs

Total potential income (KHR)

(total fish productionx ex-
pected fish price/kg)

85.5kgx 10,000KHR =
855,000KHR(213.85)

486kgx 10,000KHR =
4,860,00KHR (.,215%)

864kgx 10,000KHR =
8,640,00KHR ,160%)

Potential profit (KHR)

(Total potential income -total
expenditure cost)

855,000HR-266,000KHR =
589,000KHR (47.3%)

4,860,00KHR- 3,347,50(KHR
= 1,512,50KHR (378.1%)

8,640,000KHR- 5,928,000KHR
= 2,712,00KHR 678%)

Profit per 1$ spent

1.5%

0.5%

0.5%
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FACTOR I EXTENSIVE I SEMI-INTENSIVE ‘ INTENSIVE

Production cost per kg = total | 0.8$ 1.71$ 1.71%
cost/expected kg

Potential profit/ kg 1.7% 0.8% 0.8%

Exercise: participants calculate| Exercise: participants calculate Exercise: participants calculate
Exercise for 2/sqm and targeted fish for 5/sqgm and targeted fish for 10/sgm and targeted fish
weigh 0.5kg/head weigh 0.5kg/head weigh 0.5kg/head

As mentioned above, these examples help the farmers to understand the financial requirements and economic
implications of different production systems. At a first glance, the total possible profits in intensive culture
systems may seem to be attractive forthe farmers. However, a look at the production cost required and the
return per USD spent on production shows that high stocking densities mean high input costs, often of several
thousand USD. Most smaltscale farmers will not be able to afford this. During the previous exercise, they
estimated how much they can afford to spend on fish farming and they can now compare and check, whether
the amount available for fish farming is sufficient to sustain production at a high stocking density.

This issue of increasing input costs is exacerbated when considering the increasing risk of intensifying produc-
tion. Risks in aquaculture range fromrisks of production, like floodings, theft of fish, disease and predators to
market risks like low market prices at the time of harvest or spoilage of the produce during transportation to
the pace of sales.To include risks into the calculation for potential profits, it is advisable to discuss how often
what type of risk are encountered. How many floodings of your pond did you see in the last 10 years? How
often did predators (e.g., birds) come to your pond and feed on the fish? How frequently is fish stolen from
aquaculture ponds. With this information you can estimate how often your production will fail. Assuming a
total loss of all fish every 5 yearswould convert into a risk of 20%. Especially forintensive systems the inclusion
of potential risks is important, because the investment during production cycle is often in the same range or
even larger than the income from the sales of the fish. If one production is lost, not only th e income from that
year is lost, but also the income from next year, because expenditures from the failed crop need to be recov-
ered. Fora more realistic estimation the respective production costs should be increased or the income re-
duced accordingly.

Some farmers may considertaking loans from micro-finance institutions (MFI), but then need to include the
interest rate into the production cost, thus further reducing the return per USD spent. Depending on the MFI
and the loan products they are offering, loans can range between 5,000USDd 200,000USDat monthly interest
rates of 0.9% to 2%. For the majority of farmers who constitute the participants of this training, these loan
products are likely to be unsuitable.

When looking at the total estimated cost and risks, as outlined above, farmers need to ask themselves what
level is appropriate for their respective HH, i.e, whether they have the required financial resources. To improve

the participantsdé understanding of these relationships

fits and risks, it is important that the farmers practice these calculations for diff erent stocking densities, target
size/weight, feed prices/costs, sales prices and risks. They ca@and should use figures from their own farm,
such as the size of their ponds. Take note, that an increase of the target weight will most probably mean a
higher market price can be expected, but also a longer period of feeding, probably with less growth when fish
become very big and increasing risks.

Participants can use copies of the template below for further practicing these example calculations.
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Here they can and should be encouraged to also calculate for other popular species, such as Climbing Perch,
Silver Carp, Common Carp, and Indian Carp as well, based on current local market prices.

TablelQ Template for sample farm plan calculation

l KEY PLANNING QUESTIONS ‘ ANSWERS
Size of fish for market/consumption At what size will you harvest your fish?
Growing period (months) How long do farmers take/plan to grow their fish to
this size?
Size of pond Total area of the pond
Stocking density/number of fish # of fish per sqm of pond
Survival rate What is the expected survival rate (90% - 80%)

Harvest goal (total kg to be harvested) | How many kg in total is the expected harvest

Amount of feed needed Choose one of the options below

Option A:
Assume Natural feed, with some supplementary feed
that is available to the HH

Option B:
Natural feed + home -made feed (FCR3.5)

Option C: Pelleted commercial feed, Assume FCR 1.5

Cost of feed As per the option chosen above
Cost of seed What is the expected cost of fingerlings?
Other costs Transportation, electricity, labor, equipment (nets for

fencing, lime for pond preparation etc.)

Total cost Cost of feed + Cost of seed + other costs

Potential sales Expected market price/value per kg of fish * total ex-
pected production

Potential total profit Potential sales @ total costs

1.4 SELECTIONOF SPECIES

Before engaging in fish-raising operations and starting fish farming, potential fish farmers and interested HH

should consider and decide which species they want to cultivate. While the technical content of the following

modules is rather generic and can be applied to raising various species, different species have different culti-
vation requirements and thus economic consequences for the farming operations.

In species selection, economic considerations such as
changes in water quality, temperature, feeding regimes and type of feeds, potential growth rates and harvest-
ing cycles need to be considered.
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KEY PRINCIPLES AND CRITERIA OF SPECIES SELECTION

© bk wD

Which are popular preferred species by the consumer and have a high demand?
Which species have a good market value?

Which species are locally available (hatcheries/nurseries)

Species that are resilient to changes in the water quality.

Species that have short growth cycles

Species that do not have demanding feed requirements.
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Tablell Overview of popular fish species in Cambodia

NO SPECIES DESCRIPTION

Silver Barb is an indigenous species with a good market value. Mar-

ketable weight of 0.3-1kg per fish can be achieved in 610 months,

depending on culture system.

Silver Barb is low tolerant to water quality fluctuations such as

pH and temperature and does not take low oxygen levels as

well. As an herbivorous species, it can easily be farmed in exten-

Silver Barb (fi§s sive systems and semiintensive based on natural feed and sup-

plementary feed such as plankton, earthworm, termites, algae,

vegetable leave, tree leave, morning glory, duckweed etc. It can

1 feed with supplementary feed, home-made or commercial feeds

with an optimal protein content of 23 to 25%. In general, it can-

not reprodu ce in aquaculture ponds. It prefers to live at upper

and middle level of water.

Suitable for both extensive and semi-intensive farming in poly -cul-

ture mixing Tilapia and Carp with good returns on investment.

A Growth 0.2-05kg/year;

A Mature age at 8 months;

A Inpond culture with pond depth: 1.3 to 1.8m. Polyculture sys-
tem is better than monoculture system.

Tilapia is an exotic species with a good market value. Marketable

weight of 0.5-1kg per fish can be achieved in 8-10 months, depend-

ing on culture system.

Tilapiahaslow tolerance to water quality fluctuations such as pH and

temperature and does not take low oxygen levels well. As an omniv-

orous species it can easily be farmed in extensive and semkiintensive

Tilapia/fidps systems Its natural feed consists ofplankton, algae, worms, termites,

snails, crabs, insects, duckweeds, Aztd, vegetables, treeleaves and

zoobenthos. Supplementary feeds like rice bran, maize bran, broken

rice improves the utilization of natural feeds. For more intensive pro-

duction maize, soybean meal, fishmeal, wheatflour, etc. must be

added, or use commercial feed with an protein at 16 to 40%. This

species is the mouth breather that prefers to live at the upper water

body but is able to live in all layers of water.

2 It is a prolific reproducer (spawning 6-10 times per year) and thus a

potentially good fish for continuous harvest. However, the fast repro-

duction rate require s significant management efforts.

Suitable for both extensive and semi-intensive farming with poly -cul-

ture systems and produces good returns on investment.

Mature age at 4-6 months; and spawns 6 to 11 times/year. Repro-

duction is inhibited at water temperatures below 20 °C, slow in wa-

ters of 21 to 24°C and most frequent in waters above 25°C.

Optimum temperature 25 -30°C for reproduction and growth.

A Optimal pH 5.6-6 and can live at ranges between 49

A Optimal temperature 24-30°C and can live 11-39° C

A Growth performance of 0.3-1kglyear, depending on culture
system and feeding regimen.

A Intensive pond culture (pond depth: 1.5-2.5m).
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Stripped Catfish (Trey Pra)/{fijm

DESCRIPTION

Striped Catfish ( Trey Pra) is an indigenous species. Marketable
weight of 0.5-2kg per fish can be achieved in 6-10 months, depend-

ing on culture system. It is tolerant of water quality fluctuations such

as pH, temperature and low oxygen levels as well.This species can
breathe air, so oxygen levels arelessimportant and is why this spe-

cies is often cultured at very high densities. As an omnivorous spe-

cies, it can easily be farmed in semiintensive and intensive systems
with additional feeding using home-made feed made of rice brain,

maize, soybean meal, fishmeal, wheaflour, etc. or commercial feeds
with optimal protein content from 26 to 30%. It prefers to live at mid-

dle and bottom layers of water bodies but can live in all layers of
water. It cannot reproduce in an aquaculture ponds. Suitable for both

semi-intensive and intensive farming with monoculture system.

A Growth 1-1.5 kglyear;

A Mature age 2 years;

A Intensive pond culture with pond depth: 1.5 -4m.

Walking Catfish/{fiainni

Walking Catfish is an indigenous species. Marketable weight of 0.1
0.2kg per fish can be achieved in 57 months depending on culture
system. Itis tolerant of water quality fluctuations such as pH, temper-
ature, low oxygen levels and polluted water as well. This fish isan
omnivorous speciesand can breathe air. It can easily be farmed in
semi-intensive and intensive systems with feeding additional home-
made feed made of rice brain, maize, soybean meal, fishmeal, wheal
flour, etc. or commercial feeds with optimal protein content from 30
to 40 %. It prefers to live at the bottom of water bodies but is able to
live in all layers of water. It cannot reproduce in aquaculture ponds.
Suitable for both semi-intensive and intensive farming with mono-
culture system.

A Mature age between 8 to 12 months, spawned 2-3 times/year;
Spawn season range from April to September. However, op-
timal spawning is May to July;

A Growth performance of 150-250g per year,

A Inintensive culture with pond depth: 1.8-2.5m.

Silver Carp/LﬁrmmI

Silver Carp is an exotic species with a good market value. Marletable
weight of 1-2kg per fish can be achieved in 6-12 months, depending

on culture system.

Silver Carp has alow tolerance to water quality fluctuations such as
pH and temperature and does not take low oxygen levels well. This
fish is herbivorous and a filter feeder. Main natural feed consists of
zooplankton and phytoplankton . It prefers to eat plankton at the

surface. SilverCarp consume diatoms, dinoflagellates, chrysophytes,
xanthophytes, some green algae and cyanobacteria (blue green al-
gae), detritus, conglomerations of bacteria, rotifers and small crusta-
ceans are other major components of their natural diet.

In general, they do not reproduce in aquaculture ponds. They prefer
to live in the upper and middle water layers.

Suitable for both extensive and semi-intensive farming in polyculture

system. Thisis better than monoculture systemswhere mixing Tilapia
and Carp can provide good returns on investment.

A Growth 0.5-1kglyear;

A Mature age at early year 2;

A In pond culture, pond depth: 2 to 3m.
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Common Carp/Lﬁl'nun.nﬁm
©

DESCRIPTION

Common Carp is an exotic species that livesat the bottom water of
the water body. Usually seen in the rivers, lakes, streams, reservoir
etc. It has a good market value. Marketable weight of 0.5-1.5kg per
fish can be achieved in 6:8 months, depending on culture system.
Common carp has alow tolerance to water quality fluctuations such
as pH and temperature and does not take low oxygen levels well. This
fish is an omnivorous species and in nature fish can feed on stalks,
leaves and seeds of aquatic and terrestrial plants, decayed aquatic
plants, snails, crabs, worms, termites, insects, planktons, benthic or-
ganisms, and plant material, etc. Good production can be achieved
by supplementing natural feed with carbohydrate rich byproducts
from agriculture, like rice bran, maize bran or broken rice. At a higher
stocking density carp can be fed with commercial feed or home-
made feed made from rice brain, maize, bean, meat composition, etc.
with protein cont ent of 30-38%. In general. it cannot reproduce in
aquaculture ponds.
Suitable for both extensive and semi-intensive farming in polyculture
systems where mixing Tilapia and Caip can provide good returns on
investment.
A Mature age at 10 months;
A Weight 0.5-1kg/year;
A Inpond culture, pond depth: 1.5 to 2m, in polyculture system
is better than monoculture system.

Indian Carp/]flmﬁﬂnim

Indian Carp is an exotic species with a good market value.A market-
able weight of 0.5-1kg per fish can be achieved in 610 months, de-
pending on the culture system. Indian cap has alow tolerance to
water quality fluctuations such as pH and temperature and does not
take low oxygen levels well. This fish isan omnivorous species In na-
ture it can feed on aquatic plants, snails, crabs, worms, termites, in-
sects, duckweeds, Alzola, meat composition etc. As for supplemen-
tary feed, it can consume commercial feed and home-made feed
such as rice bran, maize, soybean meal, fishmeal etc. with optima
protein contains of 28-35% crude protein.
In general, it does not repro duce in aquaculture ponds. It prefers to
live at the bottom level of water. Suitable for both extensive and
semi-intensive farming in polyculture systems. Indian carp is often
combined with other carp species and feeding on different natural
feeds. It can also be combined with Tilapia with good returns on in-
vestment.
A Mature age at month 16;
A Weight 0.5-0.7kg/year, but in the second-year growth fast
around 2-3kg, in the marketable size: 1-2kg;
A Inpond culture (pond depth: 1.3 to 1.5m), in larger produc-
tion ponds, water can be maintained at a depth of 2 to 3m

A
fiym ) (Climbing Perch)

Climbing Perch is an indigenous species that has high market de-
mand. Climbing Perch is predominantly carnivorous and consumes
protozoans, crustaceans, insects, worms, and fish larvae.

It prefers to live at the low level of water, sometimes they move to
upper and middle water level;

It can be farmed in extensive sysems, but because of its feed re-
quirements semi-intensive and intensive culture systemsusing for-
mulated feed are recommended. Formulated feed should have a

protein content of 30% for grow out to 40% for rearing larvae or fry
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larvae. Depending on the culture system, a marketable size of 0.2

0.3kg
A

A
A
A

can be achieved in 46 months

Mature age from 6 to 8 months depending on food regimes ;
In general, it can reproduce in agquaculture ponds;

Required pond depth: 1.2 to 1.5m;

Climbing Perch is highly tolerant of water quality fluctuations
such as pH, temperature, and low oxygen leves, asit can
breathe air.

This fish can walk out or escape the pond if the farmer does
not fence their fishpond properly. Especially in the rainy sea-
son fish will try to get out of the pond.
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To decide which species to select, farmers can use the following matrix. Depending on their main farming
objective, they can approach the criteria by asking questions such asbelow and assign scores 2 = Good, 1 =
not so good 0 = not good

Which species has a good market value? Selling price: Good (2), not so good (1), Not good (0)

Do | want or need my fish to grow fast because | do not have water supply throughout the year? Is the
species good for short culture period? Good (2), not so good (1), Not good (0)

Do | want a species that reproduces in the pond (because | want to do continuous harvesting for my
own consumption) ? Is the species good for reproduction in the pond? Good (2), not so good (1), Not

Are good quality fingerlings available nearby? Good = nearby, far = Not good. Good (2), not so good

Is the species tolerant to high oxygen levels, changing water quality and high stocking densities? (Be-
cause there are seasonal water quality, changes and changes of water level in the pond) Good (2), not

Which species is easier to feed? Good (2), not so good (1), Not good (0)
Which species has the higher output/production (kg) per sqm pond at low stocking densities? Good

1.
2.
3.
good (0)
4,
(1), Not good (0)
5.
so0 good (1), Not good (0)
(2), not so good (1), Not good (0)
8.

Which species has the higher production cost of feed per sqm pond at high stocking densities? Good
(2), not so good (1), Not good (0)

Tablel2 Species selection matrix

SPECIES

SELECTION CRITERIA

TILAPIA STRIPED WALKING [ CLIMBING SILVER
CATFISH CATFISH CARP

Market value

Culture period

Reproduce in the pond

Pond depth (shallower vs. deeper)

Availability of fingerlings/seed

Tolerant to low oxygen levels and high
stocking densities

Tolerant to water quality changes

Easy to feed with natural feed & sup-
plementary feed (lower protein de-

mand)

Higher output/growth per sqm pond at
low stocking densities (natural feed de-
pendence)
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SPECIES
SELECTION CRITERIA

TILAPIA STRIPED WALKING | CLIMBING SILVER
CATFISH CATFISH CARP

Production cost at high stocking densi-
ties

| |
Score

By assigning a value of 2, 1, or O (to eachspecies for each of these criteria and adding these, the farmer can
reduce the choice of species, ideally {ostetddvwiitthe tdhpe
score, availability of quality fingerlings might be the deciding factor.

With these inputs and exercises above, prospective fish farmers are expected to have a good understanding
of what to expect when starting fish farming operations. While based on estimates, the above calculations
allow the prospective farmer to assess whatlevel of production and production system is appropriate for them,
i.e, matches their objectives and is affordable. Participants who are already engaged in fish farming ard use
the above tools to assess the consequences of making changes to their production systems, such as changing
the species or increasing/decreasing the stocking density.

In the next module, prospective farmers will be familiarized with basic principles for pond site selection and
pond construction.

1.5 SESSION PLAN OUTLINE MODULE 1

Module 1 is essential for understanding some basic principles of intensification of fish farming and for enabling
the participants to make decisions in what level and of aquaculture they want to engage, i.e., which species at
what stocking density they can afford to start producing.

Tablel3 Session plan outline (full day training)

# CONTENT/ACTIVITIES METHODOLOGIES MATERIAL REQUIRED TIME
ALLOCATION
Explaining the purpose of | Input d speech by trainer 10 min
the session:
1 Participants understand

their capacity and availa-
ble resourcesto engage
in fish farming

Small group work and individual Flipchart with example ma- | 30 min

) i farmers trix (see Table 2)
Exercisethousehold in-

) At the end of the exercise ask each
2 come and expenditure

farmer to take note of how much they

matrix !
can spend every month on fish farm-
ing
Game,plenary Maybe candies, paper snip- | 30 min
L ) pets which represent fish
3 Basicprinciples of inten- feed

sification in aquaculture =
A Draw or outline a rectangular on the floor of the training room (depending on

the location, draw on the ground, use a rope, or use chairs to indicate the bound-
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# CONTENT/ACTIVITIES METHODOLOGIES MATERIAL REQUIRED TIME
ALLOCATION
aries/walls of a fishpond; using chai
pending on the space available around 2 meter x 3 meter.
This rectangular represents the fish pond.
Ask 2-3 participants to be fish to enter the pond and swim around (simulating
swimming movements like breaststroke.
Throw a handful of candies/or paper snippets into the pond as feed and ask the
ofishdé to pick these up.
Ask another 3-5 participants to become fish and enter the pond, swimming
around, without overstepping the pond boundaries (if chairs are used, they
would be an actual physical barrier t
pond.
A Throw another handful of paper snippets/candies as feed (about the same
amount as before) into the pond and a
A Askanother58 participants or more, depend
fish and enter the pond, swimming around.
A The o0fishé will now have not enough s
movements) without hitting or bumping into each other/space is getting tight.
A Repeat the o0feedingé6 activity. There
tobenddown to pick up the o0feedd; also,
A End the game and ask participants to
such as space is limited, the more fish the less space for each fish, less feed for
each fish/need to increase feeding etc.
I nput presentat i orn PosterorPowerPoint 30 min
intensificationo presentation
Plenary Brain storming: what species | Flipchart to record feedback | 15 min
do you know and what do you know from the plenary
about these species (biology, farming,
market prices)
4 | Species selection Lnop:ljlzrrzzzr;?;o(n' characteristics of |- powerPoint or posters 20 min
Table11)
Flipchart with prepared se- | 20 min
. . . lection matrix (Table 12)
Species selection exercise
Why planning is important, introduc- Speech, presentation 10 min
tion by the trainer
Introduction of seasonal calendar Presentation 15 min
Exercise: Seasonal calendar activity Group work 60 min
(see exercise details above)
Simple farm planning exercises and Input: presentation of tem- | 30 min
5 Sl g sample production calculations plate and sample calgula-
tions for several species and
stocking densities 60 min
Exercises Small group work:
participants practice sample
calculations as per the tem-
plates provided above (Ta-
bles 7-9) 10 min
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# CONTENT/ACTIVITIES METHODOLOGIES MATERIAL REQUIRED =
ALLOCATION

Plenary: discussand sum- 30 min
marize the results

Individual participants: pre-
pare a basic farm plan/sam-
ple calculation (table 10)
based on data from their
own farm (pond size) and
species the prefer to culti-
vate following species se-
lection exercise
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MODULE 2

2 MODULE 2: SITE SELECTION ANDPOND CONSTRUCTION

In this module, participants will learn to assess the suitability of land for establishing fishponds. Selecting an
appropriate site is the first step towards creating successful pond-based aquaculture operations. Location of
the pond, its physical characteristics such as soil, water supply, size and depth and access are important pa-
rameters that influence the operational costs of the fish farming venture.

The selection of an appropriate site for locating a pond is important not only for environmental reasons but
has important economic and financial consequences for farm operations. The selection of a site with proper
soil conditions, adequate water supply and distance from the house of the farmer will reduce costs and risks
involved in pond maintenance and management.

At the end of this module, participants will be able to assess the suitability of land and locations available to

them for constructi ng a fishpond. Theywill be able to select a site and understand key considerations of pond

construction such as depth and slope rates. For prospective fish farmers, the training can be organized as a

workshop, during which participants are guided through some exercisessuchasmappng and a 0SWOTG6 an
ysis of different potential locations, at the end of which they will be abl e to choose the location and pond size

most appropriate for their objectives.

2.1 KEY CRITERIA OF SITE SELECTION

The selection of an appropriate site for the pond is the first step towards successful aquaculture operations.

The accessibility of the location and distances that need to be covered for management, monitoring, provision

of inputs and markets need to be considered, as they all impact the operation costs: long distances increase
costs for transportation, access condtions (by foot only or by motorized vehicle) influence factors such as

amount of fish and inputs that can be transported, and the time needed for commuting to and from the pond.

Ponds that further away from t he f ar mmoreddficulhto pmtect ead ar e
from theft. Extra efforts may need to be taken for fencing and securing the pond. The availability and accessi-

bility of water will influence the length of production cycles (if water availability depends on rain during the

rainy season as the only water source) and the cost of production if water needs to be pumped for both filling

the pond and draining the pond.

The following key criteria need to be considered for selecting an appropriate site for an excavated fishpond:

Soil type

Land area (topography, slope)
Water availability and quality
Distance from HH location
Risk of flooding

gk wbdE
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2.1.1

The most important characteristic of the
soil is that it can hold water, particularly at
the bottom and along the sides up to the
height of the intended water level. To en-
sure this, the soil must contain sufficient
clay.

Clay absorbs water and swells up, which
seals the bottom and sides of the pond. It

also protects the pond banks from ero-

sion. The banks of ponds in sandy soil will
erode easily and water leaks out. If the
soils are sandy, the bottom and walls of a
pond can be lined with a layer of clay to

prevent seepage and stabilize the pond
walls. But this generates higher cost for

construction which must be considered.

2.1.2

Ideally, the pond should be built on
slightly sloping land, as this would facili-
tate water flow into and out of the pond
by gravitation. A gentle slope between 2%
and 5% (2-5 m slope over 100 m distance)
is generally regarded as ideal. Such a
slope also facilitates easier harvesting, if
the farmer plans for a full harvest (see
module 7) generally, areas such as the fol-
lowing should be avoided:

Low and flat areas, which are difficult to
drain.

Areas that easily flood during the rainy
season.

For many locations in Cambodia, this is
difficult to achieve, as generally the land is

APPROPRIATE SOIL TYPE AND QUALITY

Soil test 0 practical exercises

Wet a handful of soil with just enough water to make it moist.

Squeeze the soil and itmust hold its shape. Form a ball andlet
it fall from 1meter high to the ground. If the ball does not dis-
integrate, then the soil is good.

Water permeabilit vy test (for multi -day training)

Dig a 1 m deep hole in the ground above ground water level.
Il the hole with water to the top and cover the hole with
leaves. The next day the water level will be lower since the soil
has been saturated with water. Refill the hole to the top and
cover with leaves. The next day, check the water levelagain. If
the water level is still high, the soil is suitable for pond con-
struction. If the water has disappeared, it will also disappear in
a pond. The soil isnot suitable for fish farming.

However, this does not work if the groundwater level is high

the hole fills itself with water and will not leak at all . In this case
the land might be suitable for pond construction if groundwa-

ter level remains high during the season. Seasonal fluctuations
must be considered as well as possibilities to empty the pond
for water exchange. Ponds built into the ground water level of-

ten dry up during the dry season, which is helpful for pond

preparation, but make sure ground water level remains high
enough during the culture season, because refilling of such
ponds in sandy soil can become very costly.

LAND AREA, TOPOGRAPHY, AND USER RIGHTS

Trainer can visualize this by drawing sketches and simple
demonstration with bucket as water source.

o

i

g;,,J@m,,,: s
— e
Surs i 7
e

Figure9: Pond digging on a slope
Source: FAO
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very flat. Ponds should always be built
with a sloping bottom, i.e., one end should

be slightly deeper than the other end.

Land ownership and water user rights are
strictly regulated in Cambodia. The pro-
spective farmer needs to be sure to have
either the ownership or user rights for the
chosen location, approved by local au-

thorities.

2.1.3

A reliable water supply is the most
critical factor for site selection. Water
needs to be available to compensate
for water loss through evaporation
and seepage and to manage water
quality by water exchanges if re-
quired.

If water supply is seasonal and not | |

available throughout the year, aqua-
culture still is possible, with faster
growing species that can be used for
a short culture cycle, such aswalking
Catfish or Common Carp.

Water supply needs to be reliable for
the duration of the production cycle.
Availability and quality of the water
should be considered when selecting
the location for a pond and for the
species to be cultured. The water
source also is important, as water
from different sources has different
quality properties. Water from rivers
and streams may guarantee a steady
supply of water, but it might be con-
taminated from agriculture or indus-
trial activities.

Rainwater may not be available
throughout the year, as the climate is
characterized by dry and rainy sea-
sons.

ﬂ Pend bettom siope
Deop /

and nnet Ovep end
end inver ke dyte sope
dyhe dope

Deep and cuter
dyke tispe

halow

Desp end
outertos

FigﬁrelQ Side vieW sketch of basic pond design
Source: FAO

WATER SUPPLYd SOURCE AND QUALITY

Figurell Water supply by pumping
Photaredit : Nget Touch/GEAFR Project

If, for example, water is available only seasonally (such as rainwater’
and the pond water cannot be retained and replenished during the
dry season, the farmer may want to consider culturing a species that
is more tolerant to generally lower water quality such as low oxygen
levels and higher temperatures. These areusually air breathing fish
like catfish or climbing perch. Such species requirehigher protein
content than herbivorous species (see list of species). Commercial
feeds provide sufficient protein to support good growth of these
species. Use ofprotein rich feeds however increases production
cost.

If the water can be replenished by pumping ground water into a
pond with good water holding capacity , the farmer needs to con-
sider the cost of pumping, the quality of ground water and the fact

that ground water has lower temperatures.

If the farmer uses water from rivers or streams, an indicator of the
wa t esuitébdity is the natural occurrence and abundance of fish. If
events of fish mortality in such water are observed, the use of such
water is very riskyfor aquaculture.
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Ground water is a possible water
source but often is cooler than
rain/surface water and it can also
contain toxic gases which must be
removed by aeration before entering
the pond. Ground water always re-
quires additional cost for pumping.
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Tablel4 Challenges and management responses for different water sources

WATER SOURCE

Water can be diverted from
streams, rivers or lakes.

‘ KEY CHALLENGES

Water from such water bodies con-
tains animals, plants and rotting

They can carry pollutants, such as
pesticides and wastewater from
upstream.

organisms that can cause diseases.

‘ MANAGEMENT CONSIDERATIONS,ACTIONS

Observe the water source:

A s there or has there been any fish or other an-
imal mortality?

A s there any debris floating in the water?
A Does the water have bad smell?

A Install filters, such as fine mesh wire at the
pond inlet.

Rainfall

Rainfall is the main source of
water.

Dependency

Rain-fed ponds depend heavily on
amount of rain and seasonal fluc-
tuations. In Cambodia, ponds often
dry up during the dry season. They
need to be harvested before water
levels are getting too low. During
the rainy season and abundance of
water, these ponds can flood, pos-
ing a risk of wild predatory fish en-
tering the pond and the c ultured
fish escaping the pond.

A Choose faster growing species, such agValk-
ing Catfish or Common Carp

A Build dykes sufficiently high to protect the
pond from overflowing during heavy rains (see
pond construction section)

Wells

Wells are places where ground
water is pumped up.

It is a good source for fish-
ponds because it is usually
clean and usually not contami-
nated. Often it contains toxic
gaseshowever, which can be
removed by aeration.

Oxygen levels and temperature
are low

Measures need to be taken to aer-
ate the water, which can be expen-
sive

When pumping ground water into the pond,
ensure that it is o0splas
the pond to increase oxygen levels.

Figurel2 Example ofgashing when pumping we
ter into the pond
Photo credit: Sopheap/GFA, SAFRroject

In many areas of rural Cambaodia, ponds are built into the water table, i.e, they are excavated to a depth below
the ground water level. This subjects them to seasonal water level changes. This means water levels are low
during the dry season, without the ponds drying up and very high during the rainy season.
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2.14

Ponds should be close to the homes of the
farmers and easily accessible. This helps ir
safeguarding them from thieves as well as
making transportation of inputs to and
produce from the pond easier.

Pond should be away from agricultural
land (such as rice fields, plantations)
where chemical fertilizer and pesticides
are used and where safeguarding and
monitoring the pond is difficult.

The use of pesticidesin neighboring rice
fields and other farming activities can kill
crustaceans, which represent most of the
zooplankton. Chemical fertilizers are also
an issue becausethey are usually ammo-
nia-based. In water ammonia is quickly
absorbed and nitrified; the addition of
chemical fertilizer may increase plankion
growth to such levels that oxygen levels
deplete at night.

If the pond is near the home, where the
land is also used for some smallscale
home-based agricultural production such
as vegetable growing, the pond water can
be used for irrigation if there is another
source that ensures the pond water can be
replenished. Under intensive culture con-
ditions, with high feed input the pond wa-
ter is excellentfor irrigation . It canreduce
the need for chemical fertilizers because
the water from intensive ponds contain
high nutrient loads for plant growth . In ex-
tensive ponds the nutrients should remain
in the pond to support plankton growth
and you will want to exchange the water
only when necessary.

ACCESSIBILITY

If the ponds are located atagreatdi st ance fr ol
homes, the additional costs in terms of time and transport
need to be considered, as well as the potential security risk of
fish being stolen, which is a common risk at remote pond lo-
cations.

Of the farmers supported by the SAFRproject about 5% re-
ported fish theft within 6 months of stocking, and all of the
affected ponds were too far
home to be observed at night.

If ponds are surrounded by land that is used for agriculture,
the farmer needs to ensure the pond water is not affected by
pesticides, herbicidesor fertilizer used in adjacent farming. This
can be achieved by separating water flows by building dykes
that prevent water from farmlands entering the pond.

Also, ensure that agricultural equipment that was used for ap-
plication of pesticides are not cleaned in the pond.

Fishponds should not be in areas likely to flood during rainy
seasors. It is difficult to protect the pond from wild fish enter-
ing the pond or the stocked fish from escaping during flood-
ing, unless the pond is well fenced with a small-mesh sized net.
Flooded ponds can have serious economic consequences
through loosing fish either due to predator fish entering the
pond or fish escaping.

Figurel3 Avoid areas prone to flooding
Photo credit: S@bvseth/GFA, SApRject
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To be avoided

Pond surroundings and dykes should be

free from trees and bushy vegetation, as | ™&¢

the roots can weaken the dykes. Predators
can also use trees and bushes as cover.
While some herbivorous species may ben-
efit from leaf litter falling into the pond as
additional feed, an excess number of
leaves falling into the water may cause
water quality issues when they decom-
pose. For good plankton growth sunlight
is required to enter the pond . Large trees
give too much shade on the pond.

Recommendations

Ponds should be close to the home and
not allow open access I|deally, the pond is
away from farmlands and water from ag-
ricultural lands cannot enter the pond.

Figurel4 Avoid ponds with dense vegetation on the dykes
Photccredit: Nget Touch/GBAFRoroject

Figurel5 Fenced pond with grass growing on dykes for stabilize
Photaredit Theo Ebbers,/GEAFRxroject

i:igurelﬁ Example o pondcloseto the farmes home
Photo credit : Theo Ebbers/&&A3roject
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Planting grass on pond dykes helpsto sta-
bilize the dykes. Farmes need to protect
fishpond banks from erosion during fish
production, particularly during the rainy
season. They also need to prevent soil
particles from getting into the water of
the fishpond and making the water turbid.

2.2 KEY PRINCIPLES OF POND CONSTRUCTION

Figurel? Planting gréss on pond dykes for stabilizati

g
on

Photo credit: Theo Ebbers/GARRoroject

The layout of the ponds should be aligned with the topography of the land, water source s and drainage.

Arranging ponds to allow for independent supply and drainage of water isideal. This requires an inflow higher
than the anticipated water level and an outflow lower than the pond bottom. Dikes constructed around ponds
ensure water retention and provide protection for flooding. The ability to maintain an appropriate water level
is important to regulate key parameters such as water temperature, control the growth of aquatic plants and
to keep dissolved oxygen at appropriate levels. The ability to drain a pond is helpful to harvest the fish and
important to dry the pond bottom as preparation for the next production cycle (see below pond preparation).

In rural Cambodia, these basic principles are often not applied, and ponds are built without inlets and outlets
and often into the groundwater table. The implications this has for the farmer will be discussed further below.

2.2.1

There is no
for ponds. Both depend on the

purpose of production, its inten-

sity, construction cost and pro-

duction purpose and topogra-

phy.

Pond size can vary widely and
range from as small as 50sgm to
5,000sgm for small-scale aqua-
culture as defined by the Cambo-
dian government.

Obe:

A

A

A

SIZE, SHAPE AND DEPTH OF PONDS

Small ponds versus larger ponds

Small ponds

Easier to catch and harvest
fish

Easier to maintain fish and
treat disease

Potentially higher productivity
(kg/ha). Smaller ponds usually
perform better because they
have more shoreline in rela-
tion to the pond surface and
the shoreline has higher
productivity.
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Large ponds

Higher overall production
potential;

Lower construction
cost/sgm



Ideally, ponds should have a
slightly sloping bottom to facili-

tate water flow for draining the

pond through an outlet at the

deeper end.

Preferably, pond water depth
should be around 1.5m at the
shallow end and increase gradu-
ally to 2.5m at the deep end, with
0.51m of freeboard. Ponds that
depend on seasonal rains and/or
ground water should be deeper
to be able to hold water into or
throughout the dry season.

Earthen pond

Figurel8 Sideview sketch of pond on sloping terrain
Source: FAO

Constructing ponds following these principles is difficult in Cambodia,
as the topography i s ver-putgohda are
commonly built and found in rural Cambodia.

Dug-out pond

Figurel2 Simple sketch of dugut pond
Source: FAO

Fed by groundwalsr secpage

Figure20 Sketch of groundwatésd pond
Source: FAO

Though very common in Cambodia, such ponds are not preferable be-
cause it isdifficult to fully drain and dry them. They need to be pumped
and water immediately starts seeping back into the pond until the water
level in the pond is level with the water table. This makes full harvests
and pond preparation difficult and more costly as pumping causes ad-
ditional costs. Harvest, draining and pond preparation thus need to be
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timed when ground water levels are low, i.e,, at the end of the dry sea-
son or beginning of the rainy season.

2.2.2 POND DYKES

It is important to protect the ponds from drying up as well as from overflowing by floodwater during the rainy
season. Dikes need to be protected from erosion with a cover of vegetation/grass. Slopesshould not be too
steep to prevent erosion. Sope rates of 26 to 33 degrees (1.5:1-2.0:1)are suitable.

Slope rates depend on the type of soil

Pond water

AR Distance: 30M B

ure2l Slope rate side view (1:1)
SourceFAO

15 m

Recommendation for
Fish Pond Slope Rate
Soil Slope Slope (Depth*Slope rate)
Type Ratio
Depth 1m= Distance 1m
Clay 11 Depth 2m= Distance 2m
Depth 4m= Distance 4m
Depth 1m= Distance 1.5m
Clay ) ;
1:1.5 | Depth 2m= Distance 3m Fi
loam
Depth 4m= Distance 6m
Depth 1m = Distance 1.5m-2m
Sandy LL5 Depth 2m = Distance 3m-4m
loam 1.2
Depth 4m = Distance 6m-8m
Depth 1m =3m
Sandy 1:3 Depth 2m = 6m
Depth 4m = 12m

While sandy soils are not suitable for
ponds, slope rates for sandy soils are in-
cluded here, as this is applicable to dug-
out ponds, i.e., ponds dug into the
ground-water level, which are so com-
mon in small-scale aquaculture in Cam-
bodia. Often, the topsoil is sandy and has
a high-water permeability. When digging
the ponds, these soils are often used to
build the dykes. These dykes are rather
unstable and need a flatter slope rate to
better protect them from erosion. Addi-
tional care needs to be taken to plant sta-
bilizing vegetation on both the inside and
outside of such dykes to enhance their
stability.

Figure22 Slope rate 1:1 with an example 5@ mpond
Source: GFA

A pond of the size of 15m * 10m and a depth of 3m with a slope
rate of 1:1 will thus be 9m * 4m at the bottom.

This can be o0drawno
ground of the training venue.

by parti

If the training site is near a proposed pond location, this can be
used to outline the proposed pond in its real dimension scale
1.1

If the excavated soil is used as dykes, a good practice i4o pile
the soil around the pond at some distance from the main pond
border, creating a step between the dyke and pond.

-54-



Figure23 Simple pond schematics where soil from pond digging is t
for dykes
Source: FAO

Figure24 Dugo u t
Photo Credit: Ngeu€h/GFAAFRroject

2.2.3

For ponds that are built on sloping
land, gravitational water flow should
be used to regulate the water level in
the pond, fill and drain the pond.

Water inlets are used to take water
into the pond, connecting the pond
to nearby water bodies that are at a
higher elevation and used as the
main water source.

Inlets will be placed at the shallow
end of the pond, which is higher on
the slope, while outlets will be built at
the deeper end of the pond, which is
lower on the slope.

Pond outlets are used to :

1. Keep the water in the pond at its
optimum level, which should be

pond with

0 f Ist prétectzagathst érasiore ppe d 6

slope

WATER INLETS AND OUTLETS

In many local situations, it is not possible to build ponds that have
an inlet and an outlet because of the local topography. Typically,
these are dug-out ponds, which are either fed by rainwater or
groundwater seepage or a combination of both.

These ponds cannot be drained d except by pumping & to prepare
the pond for a new production cycle.

If there are no outlets and water needs to be pumped out, either
for drying the pond or partial drainage to replenish the water and
improve its quality, the cost of pumping needs to be considered in
planning farm operations.

This is true for filling the pond as well. If the surrounding topogra-
phy cannot be used to channel water from a natural water body
such as a lake or river to the pond and needs to be pumped, these
costs need to be considered as well

When designing and constructing an inlet

1. Place the inlet at the shallow end of the pond;
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the maximum water level de- | 2. Make sure that the bottom level of the inlet is at the same

signed for the pond ; level as the bottom of the water feeder canal and at least 10cm
2. Allow for the complete draining above the maximum level of the water in the pond .

of the pond and harvesting ofthe 3. Design the inlet structure to be horizontal, without a slope .

fish when necessary 4. Make it sothat water splashes and mixes as much as possible

when entering the pond, provide a screen to keep unwanted
fish and other organisms out.

When constructing an outlet, ensure that

1. The flow of the draining water is as uniform as possible to
avoid disturbing the fish excessively.

Fish are not lost even during the draining period.

Water can be drained from any pond levels.

Overflow of excess wateris possible.

The pond can be cleaned and serviced easily

Construction and maintenance costs are kept at a minimum.
Suitable materials are usedto construct pond outlets and in-
lets, e.g., mmboo, PVC pipes, wood, bricks, cement blocks or
concrete.

No ook~ owd

§H let
Grasson N Hookiet

the dykes

et pipe Elbow joint

Core trench

Concrete Drainage

filled with collar canal
compacted

clay

4 cross sectionofac

ompleted pond showing the position of various structures.

Figure25 A crosssection of a completed pond showing the position of various elements
Source: The FishSite

224 SITE SELECTION MAPPING EXERCISE

1. Divide the participants into small groups of 4 -5 members, if possible, based on geographic neighbor-
hoods/proximity of their respective HH/farms.

2. Provide each group with a flipchart and color pens.

3. Instruct the groups to draw maps of their respective neighborhoods/locations, including the following
(30 min).

a.

b.
C.
d

The general outline of the location

Their HHs location and the land/plots they own

The location they are considering for their ponds

Water bodies (streams, rivers, lakes, community ponds, CFRS), if no water bodies, availability
of ground water and depth of water table

Soil types
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If the proposed pond location is not on their own plot/near the house, indicate means of access such as
roads/pathways to the pond .

Ask the groups to present their maps (each group 10 min). Use the following guide questions for assessing
the suitability of each proposed pond location:

1. I'f the pond is |l ocated away from your house, O0OWhat i
2. How do you go there? Can you take a motorbike, or walking only?

3. How long does it take to go there?

4. How do you secure the pond against theft of fish?

5. What are the estimated costs of commuting/measures?

All ponds:

1. For how many months does the proposed pond hold water?
2. What is the water source?
3. What is the proposed size of the pond?

Using these guide questions, group the proposed ponds according to their suitability based on their proposed
location and water availability.

For this group exercise, the site selection workshees below will be distributed to participants for individual
site mapping and assessment.
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2.2.5 SITE SELECTI®@ WORKSHEET:MY HOUSEHOLD POND
LOCATION

Please use symbols similar to the ones below to drawa map of your pond location  in relation to your house.

Symbol:

1-House  2- Home garden 3- Stream 4- Foot Path 5-Pond 6- Road

Pleasedraw the map of your pond location in the green frame.
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2.2.6 POND LOCATION ASSESSMENT
Water supply
12 months
PN
Very good Not so good
Pond close Pond far
4 'Y
to house ¢ »  from house
I — ——
Not so good Not good
v
Water supply
5 months
Very good Not so good Not good
= More time for production = Shorter production cycles = Shorter production cycles
= No cost for transport = Need cost for transportation  (potential higher
= Easy to monitor investment feed)
= Low cost production = Lead to high cost production = Need cost for transportation

= Note easy to monitor/ need
cost for protection (Risk)
= Lead to high cost production

Figure26 Pond location assessment matrix
Source: GFA
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Tablel5 Sample plan outline for site selection and pond construction

TIME ACTIVITIES/ METHODOLOGIES MATERIALS
ALLOCATION TOPICS
POND SITE SELECTION
30 min Clarification of Brainstorming and note on colored papers/meta cards.
training objectives
ning 0] i V Marker pen and
and expectations color paper. fi
Course Objectives paper, fip
chart
and expected out-
come
120 min Soil characteristics | 20 min: Input presentation
Water sources 15 min: Soil testing exercise
Whole and sur- 15 min; Plenary: review and brainstorming about pond site selection | FliP chart,
rounding fish criteria. Guide questions: marker pen, pa-
pond and foot A What are the consequences of inappropriate soil? per tape.
path connect A What are the consequences of distance of pond location from farm- | Photos/ Poster,
ersd home? Samples of dif-
A What are the advantages and disadvantages of different water ferent soils
’ sources? (C|ay’ Sandy’
A What are the respective costimplications? sandy-loam)
60 min: Site selection mapping exercise
10 min: Summary and conclusion
POND CONSTRUCTION
1008130 min | Pond size and 45 min: Input presentation: present photos/posters of pond schematics

depth
Slope rates and
dykes,
Water inlet and
outlet

Present photos/ posters

30-60 min: Group exercise(s) calculating slope rates andirawing pond
with slopes from top view; if proposed pond location nearby stake out
and outline pond scale 1.1 (requires more time)

15 min: Brain storming & how to make filters for inlets/outlets with lo-
cal materials

15 min: Sample calculations oncosts of pond digging based on locally
relevant costs for using excavator

15 min: Brainstorming 8 how high is the risk of theft and how can the
ponds be better secured against theft?

10 min: Plenaryd review and conclusions

Flip chart, color
paper, marker
pen, paper
tape, measuring
tape
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MODULE 3

3 MODULE 3: CREATING AND MAINTAINING A HEALTHY
POND ECOSYSTEM

After pond construction, it is important to prepare the pond for stocking. Pond preparation aims to create
conditions that provide a healthy environment with natural feed for the fish to grow without much risk from
being infected by diseases.Fsh farms thus need to take measures that reducestress for the fish and thus the
risk of disease and create a pond environment that ensures productivity and well-balanced microbiology in
the water.

Physical measures such as nets and netted fencing, filters at water gates help to prevent the intrusion of po-
tential carriers of disease, such as wild fish, household animals and wild animalsMeasures such as the appli-
cation of lime, are used to clean the pond area from potentially harmful organisms and to improve the soil of
the pond to create better conditions for a productive pond system that contributes to the growth of natural
feed in the pond. This natural productivity is further enhanced by pond fe rtilization, i.e., the application of
organic or inorganic fertilizer to the pond. Both fertilization and the application of lime are also important
interventions to maintain a well -balanced pond ecosystem that produces natural feed during the culture pe-
riod. The pond ecosystem is a balance of fish, bacteria and plants that all support each other. The components
of a pond ecosystem include both biotic (living) and abiotic non -living elements. Biotic (living) fish, aquatic
animals, microbes, plants, phytoplankton follow a food chain interaction. Abiotic (non-living) components in-
clude physical and chemical interactions. Thesecomponents create a food chain (or food-web) in which larger
organisms feed on smaller organisms.

Learning Goal : In the following sessions, participants learn how to create such a pond eco-system through
some basic measures to be taken during the pond preparation phase.

Decomposer:

bacteria, microbes, etc. INESR SRR R

Figure27 Pond ecosystem
Source: GFA

-61-



giz

The pond preparation process outlined in this manual starts with a dry pond. For a newly excavated and con-
structed pond as per the pond construction techniques describe in module 2 of this manual, pond preparation
can start, when the excavation is completed. For old ponds that need to be prepared for a new production
cycle, the process begins with emptying the pond of all water and drying the pond bottom. The following
measures, such as the application of quicklime and fertilizer are the same for both new and existing ponds.

3.1 PREDATOR AND PEST CONTROL MEASURES

For old ponds, all the water must be
pumped out and the pond dried to eradi-
cate wild predators that may have entered
the pond, such as snakehead fish, water )
snakes, frogs, eels, and crabs. The ponc
bottom needs to be cleaned by removing  *
the mud. Dykes and slopes repaired and
reconstructed as needed and any holes in
dykes such as from crabs or rats need to
be filled.

Ponds should be fenced with small mesh
nets and barriers to prevent livestock and
predators from entering the pond area as

they_ .destroy the vegetation planted to Figure28 Pond in farmland with dykes damaged by cattle
stabilize the dykes and erode the dykes ppotqredit: Nget Touch/GSAFRProject
which makes it more difficult get in and

out of the water. They also can contami-
nate the water and carry diseases. If nec-
essary, other physical barriers that prevent
livestock from entering the pond should = The picture below shows a simple fence that prevents larger
be constructed. livestock from entering the pond area. The pond itself is af-
fected by erosion, because the slope is not covered with grass
0 see module 2 on site selection and pond construction for
measures to prevent or reduce dyke erosmn

If ponds are not protected by fences, animals such as buffalos
may easily enter. They not onlydisturb and pollute the pond
ecosystem, they also cause physical damage to pond dykes

F|gure29 Slmple fenog to prevent cattle and otHargeammaIsfrbm
entering the pond
Photo credit: Nget Touch/SRAR Project
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The photo on the right shows predator
fish (Walking Catfish) being prevented
from entering the pond by a net fence.

Figure30 Fencing a pond withsmall mesh net
Photccredit: Nget Touch/GBAFRProject

Figure3r Moni toring and checking a pondds mesh net
Photo Credit: Nget Touch/SRRRProject
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3.2 LIMING THE POND

After fencing the ponds, lime should be ap-
plied. Liming of earth ponds reduces toxicity
of harmful compounds inc luding disinfecting
the environment. Thus, after pond construc-
tion and between production cycles, the ap-
plication of lime in the dry pond is one of the
main interventions for controlling pests and
disinfecting the pond area. Animals like birds,
snails, frogs and snakes need to be kept ait
of the pond as they can carry diseases or are
predators, which consume fish. Fence the
ponds with small mesh nets and cover inlets
with nets.

More than eradicating pests, application of
lime on dried earthen ponds has important
benefits for creating a productive pond eco-
system.

Treating the ponds with various substances
rich in calcium (Ca), such as quick lime (CaO)
slaked lime (Ca(OH}), agricultural lime CaCQ

or dolomitic lime CaMg(COs3)2

has three important benefits:

A Liming can enhance the effect of fertiliza-
tion;

Liming helps prevent wide swings in pH;

Liming also adds calcium and magne-
sium, which are important in animal

physiology.

Liming accelerates decomposition of organic
matter and increases pH levels. It will result in
faster and more efficient exchange of miner-
als and nutrients between the soil at the bot-

tom of the pond and the water as well as re-

duced demand for dissolved oxygen.

A
A

Application of lime is also an important tool
during fish cultivation to buffer pH -level fluc-
tuations.

Waterds total alkalin
the total concentration of substances like cal-
cium (Ca) and magnesium (Mg), which are
typically alkaline, in carbonates and bicar-
bonates.

UG

¥l

< O T TN e S o )

| Kampong Syay, Kapipong Thom Proyince
’ } 1

Figure32 Liming ponds and poraykes
Photo Credit: Nget Touch/SRBRProject

Liming

A Improves the structure of the soil in the pond

A Improves and stabilizes water quality

A Facilitates manureds abil
availability of natural food

A Helps to unlock nutrients from soils

A Reduces toxicity of harmful compounds including dis-
infecting the environment

A Modifies the total alkalinity of water in a pond

A Supplies calcium (as Ca') and carbonates helping to
buffer carbon dioxide in water, thus stabilizing pH

A Prevents wide fluctuation of pH by establishing a buffer
of COz -CHO- CaCG

A Counteracts toxic effect of excess magnesium, sodium
and potassium ions

A Acts asa prophylactic by killing unwanted fish, bacteria
and other fish parasites

A s justified If the pH of the soil at the bottom of the
pond is lower than 6.5

A Wil improve soil conditions if the bottom of the pond
is very muddy because it has not been emptied and
drained regularly

A Can help in drained ponds if there is a risk of conta-
gious disease or if you need to fight enemies of fish

A 1s advised f there is too much organic matter, either in
the soil at the bottom, or in the water

A lsjustifiedif the waterds total

25mg/l CaCOz
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For liming a dried pond, quicklime can be When using quicklime, it is important to at least wear
used for liming the pond during the produc- | gloves and a facemask to protect your skin from exposure
tion cycle to improve water quality and en- = and breathing in the quicklime dust .

hance natural feed production. Agricultural e
lime should be used.

s ‘ <!
e Y @

<3 SR\ 2 A
Figure33 Protective measures before liming: Wearing gloves at
face masks

Photacredit: Theo Ebbers/GEARRProject

Tablel@ Liming requirements

pH OF POND SOIL | LIME REQUIREMENTS KG/HA (KG/M?)
Calcium Carbonate Agricultural Lime Quick lime

4.0 1,500 (0.15) 1,660 (0.166) 1,380 (0.138)

45 1,250 (0.25) 1,390 (0.139) 1,150 (0.115)

5.0 1,000 (0.1) 1,110 (0.11) 920 (0.092)

55 750 (0.075) 830 (0.083) 690 (0.69)

6.0 500 (0.05) 550 (0.055) 460 (0.046)

6.5 250 (0.025) 280 (0.028) 230 (0.030)
Soil and water pH -levels can be tested with eas- II I IIII
ily available pH-test kits. e

For soil testing before pond preparation and as-

2 4 6
sessing lime requirements, pH test strips are the IIIIII
easiest method. !

8 10 12 14

For testing pH levels of pond water, pls. refer to v,
module 6 on water quality and fish health . y //yyll
7

Source: Flipchart
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Gently dip part of the paper into a soil. Wait for
sometime and you will notice the color change in the
pH paper strip.

Compare the color obtained on the pH strip with the
pH chart to measure the pH.

Figure34 pHlevel testing exercises
Photo Credit: Nget Touch/SRRRProject
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3.3 FILLING THE POND WITH SAFE WATER SUPPLY

After the application of lime, leave the pond for about one week
to allow the lime to take effect. Then fill the pond to about 30%.
Not filling the pond completely speeds -up the production of
natural feed after the application of fertilizer in the next ste p (see
below).

When filling the pond ensure that no fish from the wild, any
predators, plants and rotting organisms enter the pond. Itis thus
important to protect the water inlets with screens to filter out
unwanted organisms that may impact the fish and the pond eco-
system negatively. Such filterscan be made from local materials Figure35 Simple inlet screen to filter water
such as bamboo, screen or wire mesh,a clay pot or a bucket with ' source: FAO

holes punched in it, a basket, a net strung over a bamboo frame,

etc.

Make sure to check the screens for damage and trapped debris
on a regular basisto avoid damage and blockage.

3.4 POND FERTILIZATION

With the pond partially filled, apply fertilizer. The application of fertilizer will help to create and boost the
production of natural feed in the pond.

The purpose of fertilization is to create a food chain that will increase the productivity of the pond. Nutrients
are added to ponds to stimulate the natural production of phytoplankton, zooplankton and bacteria that serve
as food for the cultured fish (e.g., Tilapia) or for natural prey that in turn serve as food for the fish.

Smallsize fishes
and Insects

Znomplankton

Phytoplankton

Sourcehttps://www.researchgate.net/figurefiogachhirnFreshwatgyond fig6 317641556
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There are different types of fertilizers. Fertilizers act by enhancing the primary production of the pond. The
success of a pond fertilization strategy depends on the initial drying and liming of the pond bottom. The
fertilization strategy used to enhance fish production will depend on the manageme nt system (extensive versus
semi-intensive), stocking density and type of fertilizers used (organic, inorganic or a combination). Dung from
livestock such as cows and buffaloes are a cheap and efficient source obrganic fertilizer that can be collected
by the farmer and spread or stirred into the water. Suspending a fertilizer bag into the pond is a common
practice but not really recommended as it is not efficient due to the anoxic conditions inside the bag, leading
to denitrification.

Adjust fertilization rate and frequency to maintain light -green pond water with a 30 cm Secchidisk reading 0
seewater quality section. If the water is green enough, no additional fertilizer should be added.

Do not exchange the water in fertilized ponds or reduce the exchange rate to the lowest level unless there is
an emergency. If water is not kept in the pond, the fertilizer is washed out and lost for the production of
phytoplankton.

341 TYPES OF FERTILIZER
There are two basic types of fertilizers:

Mineral or inorganic fertilizers

These fertilizers are composed of mineral nutrients only and contain no organic matter; they are produced
industrially and used in agriculture for enhancing production. Organic fertilizers, which contain a mixture of
organic matter and mineral nutrients; t hey are produced locally, for example as wastes from farm animals or
as agricultural wastes.

Organic fertilizers

They are a mixture of organic matter and mineral nutrients and can be produced by the farmer from animal
manure, plant material residues from harvested crops and vegetables, leaves etc. They provide relatively low
levels of plant nutrients as compared to inorganic fertilizers but serve as a bust rate for the growth of bacteria,
protozoans and zoo plankton.

Both types have advantages and disadvantages that the farmers should consider.

Tablel? Inorganic fertilized advantages and disadvantages

ADVANTAGE DISADVANTAGE

Easy to store, long storage possible, easy to apply and distrib-| Cannot be directly consumed by the fish, no improvement of
ute, consistent mineral content, no decomposition soil structure only commercially available, high price

Inorganic fertilizer often is composed of several important nutrients, i.e., nitrogen (N), phosphorus (P) and
potassium (K). The composition is usually indicated on the fertilizer bag by its NPK grading.

A For good growth of planktonic algae in fishponds, phosphate fertilizers are often the most effective, as
naturally supplied water often lacks phosphorus.

A Sometimes nitrogen fertilizers  are useful, especially for avoiding blue-green algae blooms caused by a
high P:N ratio. In the tropics, however, they are less needed, as fixation of nitrogen by bacteria and algae
is much higher. In older ponds with a good layer of mud, they are usually unnecessary. Nitrogen fertilizers
such as ammonium and ureabased fertilizers are not recommended as they are acid forming and can
impact the water pH negatively and additional liming might be required.
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A Potassium fertilizers are usually not necessary, they may be helpful in in ponds with a hard bottom and
little aquatic vegetation.

As inorganic fertilizers can be expensive most farmers may prefer to use organic fertilizer, as they can produce
them from easily available ingredients on their own farm.

Tablel8 Organic fertilized advantages and disadvantages

ADVANTAGE DISADVANTAGE

Low price, can be produced by farmer, can improve the soil, | Difficult to store, only short time, difficult distribution and ap-
can serve as food for fish plication, low and variable mineral content, decomposes con-
suming oxygen in the pond

34.2 PRODUCTION OF ORGANIC FERTILIZER AND ITS
APPLICATION

The farmer can use Preparation of organic fertilizers and compost
chicken, cow or pig ma-
nure or produce compost
from organic waste availa-
ble at the farms.

Often green manure is put in the water to decompose in the water and create
compost to fertilize the pond. This is NOT recommended as it consumes oxy-
gen in the water. INSTEAD compost should be prepared on land and consume
the oxygen from the air. After decomposition, the compost can be applied as
fertilizer to the pond without the negative effect on oxygen consumption.

For animal manure application:

a) Stir and spread over pond water (wet
manure)

For wet manure, put manure into a bucket with
pond water and stir into liquid solution;

Distribute evenly over pond water surface.

Figure36 Compost
Sourcewww.bing.com

Figure37. Animal manure
Sourcewww.bing.com
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The application of fertilizers depends on its type. For
liquid fertilizer it is recommended to spread it evenly
on the entire pond surface to avoid overconcentration
in certain parts of the pond, which can be toxic to fish.

If fertilizer or compost is solid, it can be put in porous
bag and suspended from the pole into the water, just
below the water surface. e e e

If the farmer uses chemical fertilizer, it should be dis- T =0 o::-%
solved in a water bucket before applying to the pond.
Never apply solid fertilizers to the pond since they will
fall to the bottom and will not be available for the
plankton.

\ y

Aquatic plants are competing with the phytoplankton = Figure38 Preparatiorapplication of liquid organic ferti-
for the nutrients provided by the fertilizer. Thus, lizer

. . Source: FAO
generally it is recommended to remove aquatic plants
to maintain the effectiveness of the fertilizer and b)
phytoplankton growth. However, if there are too many
nutrients and the water is too green or too dark, _
floating aquatic plant s could be added to cover 10 - = Fordry manure,crushinto powder and spread over

15% of pond water surface. the entire pond surface.

Fertilizers are usually less active and effective on
cloudy and rainy days because there is less
photosynthesis activity by algae to absorb nutrients.

Pulverize animal manure into manure
powder for dry manure

c) Organic fertilizer can also be applied before water is filled into the pond

This will support a long-term fertilization effect. Fertilizer isspread across the pond and mixed with the soil.
The nutrients are released by the soil, depending on the concentration of the water.

VD s ‘vw . ?
"o

~:,»,;~u;s ‘3} Qav
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-

. '.: - QQ@\T}?{;[:W;% 5% VJ .

Figure39 Application of fertilizer before pond filling
Source: FAO
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Tablel9 Application of fertilizer for fish pond

Fertilizer Application for fishpond per (kg/100m

Fertilizer Type KG/100sgm
Wet cow/buffalo manure 40-60kg
Wet pig manure 25-40kg
Wet chicken/duck dung 15-20kg
Compost 40-60kg
Green manure 30-40kg

3.5 ASSES3ING AND MONITOR ING AVAILABILITY OF NATURAL FEED IN

THE POND: WATER COLOR AND TURBIDITY

After the first application of fertilizer
during the pond preparation process,
wait about one week to let the fertilizer
work and get natural feed production
started. After about one week, fill the
water to the level it was designed for
and let fertilization and natural feed
production continue for another 3to 7
days.

For herbivorous species, the farmer
can add floating wooden or bamboo
sticks or tree branches to the pond. ' FiguredQ Fertilized pond with green water indicating good water qualit
They provide an additional substrate = Photaredit: Nget Touch/GEAFR Project

for algae growth creating a biofilm for
the fish to feed.

A light-green water color indicates sufficient amounts of

phytoplankton, which forms the basis of the natural food chain in
Turbidity and watercolor can be used | the pond.

as representations to assess, whether
the pond is ready for stocking and the
number of phytoplankton and micro -
algae, which are key components of
the natural food chain that we want to
create in the pond. This is, becawse the
natural food in the pond (small insects,
phytoplankton and zooplankton) is
very small and hard to see.

Since color and turbidity of the water are caused by various
factors, such as sediment, algae, chemicals, they can be used a
approximations of the levels of natural feed available in the pond.
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3.6

Turbidity is the measure of the clarity or transpar-
ency of the water. It is caused by small particles of
organic and inorganic matter in the water and can
severelyaffect fish growth.

The particles may originate from soil erosion, agri-
cultural runoff, industrial or sewage discharge, pres-
ence of other fish species. They may have a direct
toxic effect, or induce pH fluctuations, or may cause
physical harm to the gills that trigger stress and sec-
ondary diseases. Prevailing high levels of turbidity
can cause gill damage and prevent the fish from
breathing. Turbidity levels below 100mg/ L will cause
little effect to most species.

High levels of turbidity reduce light penetration and
thus the production of oxygen through photosyn-
thesis by phytoplankton.

Turbidity can be measured using aSecchidisk or just
by dipping your hand and arm into the water.

The Secchidisc transparency can be used as a simple
method for measuring water transparency or turbid-
ity in a fishpond. A Secchi disc can easily be made
(please see figure below) by cutting out a circle of
diameter 20 cm from a piece of wooden board or
metal. Paint it white and black in equal quadrants. In
the center, drill a small hole and pass a string or
piece of wood through. Attach a small weight like a
stone below the disk and graduate the piece of
string or wood at 10 cm intervals.

Turbidity can be controlled by

1. Clearing the pond bottoms of excess mud as
when fish moves around in the pond, they stir
the water thereby bringing about turbidity.

2. Applying right quantities of manureffertilizer
to avoid algal bloom that can also bring about
turbidity.

3. Screening water from inlet canals and making
settling tanks can help in minimizing turbidity
brought about by water.

4. Pond liming before fish stocking helps to con-
trol turbidity in the pond water.

ASSESING AND MONITORING WATER QUALITY: TURBIDITY

Measuring t urbidity using a Secchi disk:

Step 1. Take Secchidisc readings during the day at
about mid -day when there is no shadow.

Step 2: Position yourself such that there is the least
amount of shadow falling over the Secchidisc. Hold
the rope or board from which the Secchidisc is sus-
pended upright and release the Secchidisc into the
water, so that it is lying flat.

Step 3: Slowly lower the Secchidisc into the water
to the point where it starts becoming invisible and

you cannot clearly see it. Read from the measure-
ment.

Step 4: Slowly raise the Secchidisc out of the water
until it just starts to become visible. Measure this
depth.

Step 5: Get the averages of these two readings. This
will give you the Secchidepth.

Hand method
Stretch one arm and immerse it vertically into the
water until your hand disappears from sight.

Note the water level along your arm:

If it Is well below your elbow
very high;

, plankton turbidity is

If it reaches to about your elbow
ity is high;

, plankton turbid-

If it reaches well above your elbow
bidity is low.

, plankton tur-

Check an guantity
of phytoplankton
using a secchi disk
OF your arm

Figuredl Assessing water turbidity usiSgcchidisk and
hand method

Source: FAO
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5. Adding fresh and clean water can clear turbid-
ity brought about by fertilizers applied in the
pond water.

Figure42 Fish farmer checking water transparency

Photccredit: Nget Touch/GEAFRProject

Exercise: Making a Secchi disk

A Secchidisk can easily be made from a
piece of wood or white plastic (e.qg., bot-
tom of a bucket) and a rope. Cut the
wood/plastic in a circle of 20 cm. Paint it
black and white in equal quadrants. In
the center, drill a small hole and pass the
rope through, securing it with a big knot.
Mark the rope in centimeters. A small
weight should be attached to the bot-
tom.

v B B D B D B D

Materi als needed

Wood or plastic pieces
Weight

Paint (white and black)
Thick rope

Marker pens

Tape measure

Drill

Saw

Paint brush

Table2Q Assessing water transparency vgrcchidisk and arm method

SECCHIDISK READING ARM METHOD ‘ MEANING

(CM™)

Less than 2@&m Well below elbow

Pond too turbid. If pond is turbid with phytoplankton, there will be
problems with low dissolved oxygen concentrations especially at
night. Do not add more fertilizer or manure. When the turbidity is
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SECCHIDISK READING
(CM)

ARM METHOD ‘

MEANING

from suspended solids (e.g, clay) productivity will be low. If there is
a foul smell, flush the pond.

20-30cm

Turbidity is good for tilapia production. Do not add more fertilizer

30-45cm

Reaches about elbow

Turbidity (from phytoplankton) is in a good condition, but tilapia
growth will improve if more plankton can be produced so continue
fertilizer applications. In addition, a simple glass filled with pond
water can be used. When looking closely (if available with a magni-
fying glass), zooplankton can be seen, indicating good availability
of natural feed.

45-60cm

Phytoplankton is becoming scarce. Add more fertilizer to you pond.
If you do not get a bloom, you may have to check your pH. Also,
make sure the pond is not leaking and being flushed.

More than 60cm

Reaches well above elbow

Water is too clear. Inadequate productivity and danger of aquatic
weed problems. If there are aquatic weeds growing in the pond, re-
move them before fertilizing the pond.

Table21 Sample session plan outline for pond preparation

TIME ALLOCATION
30 min

| ACTIVITIES/ TOPICS \

Introduction

METHODOLOGIES ‘ MATERIALS

Training objectives and expectations

120-180 min depending on
location of training venue

The Pond eco-system

Steps in pond preparation
(drying, liming, fertiliza-
tion, repairs

Check parameters: pH,
transparency,turbidity
and watercolor before the
best stocking time.

30 min : Input presentation and group
discussion d The importance to create
an ecosystem in the pond that supports
fish growth.

Flip chart, color paper,
marker pen, paper tape,
Posters/Photos

Water samples, quicklime
and animal manure/com-
post/ liquid compost

60 min : Input presentation and plenary
group discussion.

Show different water samples in clear | Secchidisk
bottles/glasses (clear, light green, dark
green, brown).

Ask participants what they observe
(light penetration) and what they think
is good for fish farming .

Explain, what color and turbidity (which
sample) represents suitable water qual-

ity.

30 min : Introduction of Secchidisk for
water turbidity assessment and how to
make a Secchidisk from local material.

If pond nearby for demonstration.

60 min for demonstration of water
quality assessment. Ask participants to
assess the water quality by color and
turbidity. Demonstrate the use of Secchi
disk. Discuss and explain measures suc
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as fertilization. Use plain, transparent
drinking glasses to take water samples
and let participants look at the sampled
water through magnifying glasses (x 30
magnification).
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MODULE 4

4 MODULE 4: SEED AND FINGERLING SELECTION,
STOCKING AND NURSING

In Module 3, farmers learned how to properly prepare their pond for culturing fish. Following the outline of
their farm plans developed in module 1, they already know what species they want to culture and how many
fish they want to raise.

While preparing their ponds for farming, they should start exploring where to source the fish seed o r finger-
lings of the species they want to stock.

Module 4 is about selecting good quality seeds and fingerlings. At the end of the training, the farmers will
know how to identify good quality seeds; they are familiar with the requirements of safe transportation of seed
and fingerlings and the process of stocking, i.e, releasing the fish into their ponds. They will learn what to look
for if they inten d to buy directly from a hatchery . As fish procured directly from a hatchery usually is very small
(around 1 gram) they will learn to raise such small fish n nursery ponds until they have reached a size at which
they can safely be transferred to grow-out production ponds.

Seed should be bought from a reliable source. It should be uniform in size, free from disease and healthy. By
observing the movement, color, shape, size and responses to feed the quality can be assessed, as detailed
below. Transport of seed from the hatchery to grow -out farms should be carefully planned. Constant vigilance
is necessary to ensure that good water quality is maintained and that the fish reach their destination in time.
Accessibility and road infrastructure are important when locating a hatchery to ensure easy movement of fish.
Usually, seed are transported using polyethylene bags in insulated polystyrene boxes or in openair containers.
During transportation, live fish can face stress resulting from the decrease in water quality if fish are not han-
dled properly. They should be purged before transport and provided with clean water and oxygen throughout
the journey. In cool water, fish are less active and thus consume less oxygen and produce less ammonia and
CQ». Temperatures and pH should be adpsted slowly as not to expose fish to sudden temperature and pH
changes.

Fish production will normally increase with the number of fish stocked per unit area until the optimum stocking

density is reached.Choosing the optimal stocking rate for a pond results in the highest quantity and quality

of fish production and thus the most profit. The carrying capacity of a fishpond is largely determined by man-

agement practices. When stocking fish in the ponds, they need to be dowly acclimatized to their new environ-
ment to avoid stress.

4.1 KEY PRINCIPLES OF SEED SELECTION AND STOCKING

411 OBTAIN GOOD QUALITY SEEDS AND FINGERLINGS

Hatcheries usually sell their fish seed at very small Fingerlings should be healthy, about the same age
sizes of about 1g. As this poses several challenges for and size and free of injuries and deformities.
farming, the farmer should seek to buy larger finger- = What to look for when selecting fin gerlings:
lings of at least 5g average bodyweight or even larger
that are more suitable for stocking . For larger finger-

lings, there are specialized nurseries, which procure A Inconsistent, spotted skin color, red spots
A Bulging eyes on some fish, ora swollen belly

Indicators of poor health:
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fish seeds from hatcheries and raise (nurse) these to A Deformed bodies such as crooked spines

a size appropriate for stocking. A Injuries
Farmers should check and explore whether such A Thin .and'long bOd,'eS,
A Inactive; just hanging in the water.

nurseries are operating in the vicinity of their farms
and contact them one to two months before they in-
tend to stock their ponds so that the nursery farmers
have sufficient time to procure fish seed and nurse
them to an appropriate outgrow bodyweight of at
least 5g.

Looking for and buying larger fingerlings is better, as
they are more robust:

A Survival rates of smaller fish often is 50% or less
compared to 90% for the larger fish and thus re-
quires higher management effort .

A Smaller fish are more sensitive to poor water
quality and changes to water quality such as tem- Figure43 Deformed fingerling

) perature and pH. Sourcewww.forbes.com

A Smaller fingerlings of air breathing species can-
not yet breathe air and suffer when transferred
into the new pond environment.

A Fish that are comparatively old for their size, i.e,
still small (e.g, 2g) at an age of 3 months will have
a slower growth rate than fish that are younger
but are of the same size.

A If smaller fish is stocked, it will take longer to
reach the desired size for selling and consump-
tion. This means higher production costs for the
farmer.

A Itis more difficult for the farmer to monitor and
observe mortality of small fish, as they are harder
to see when they are dead, and the farmer may
not be aware that there are fewer fish in the pond

than expected. This may lead to excesive feed- W
6 1:

ing with negative impacts on the water quality .

Figured4 Fingerlings with thin and lobgdy
Source: www.researchgate.net

Figure45 Fingerlings with bulging eyes, swollen abdomens and red spots

Source: www.vibo.com.vn
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Indicators of good health

A Proper skin color, no injuries and no missing scales (if
scaled species)

A Body proportions are normal, no body deformations or
swollen bellies

A Fish are active, not just floating passively in the water

Examples of healthy fingerlings

Fingerlings with size: 5g about 6 weeks
and 8g for 8 weeks.

Figure46 Good quality and healthy Silver Barb fingerlings
Photo credit: Keo Kimsean/FARDeC

Fingerlings with size: 5g about 5 weeks '
and 10g for 8 weeks. "

Figure47 Good quality and healthy Tilapia fingerlings
Photaredit: Keo Kimsean/FARDeC
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Fingerlings with size: 5g about 6 weeks
and 10g for 8 weeks.

' ,‘.2 %

5

Figure48 Good quality, healthy Striped Catfish fingerlings
Photaredit: Keo Kimsean/FARDeC

Fingerlings with size: 3g about 4 weeks
and 7g for 7 weeks.

Figure49 Good quality and healthy Climbing Perch fingerlings
Photaredit: Ke&Kimsean/FARDeC

Not all hatcheries and nurseries have high | Ideally, the farmer or nursery operator should visit the hatch-
quality production standards and appropri- | ery before deciding to buy fingerlings. To get a realistic im-
ate hiosecurity measures to ensure good | pression of the hatchery, the farmer should not announce his
genetic quality. Seeds or fingerlings should | visit. Observe the hatchery facilities and surroundings.

be purchased only from a reliable source. A Are they kept clean?

Seed should not be bought from another ' A How are waste and effluents disposed?
production farmer or caught from the wild. = A Look for production schedules and tables, probably on
white boards. If no white boards ask for breeding plans

Catching seeds from the wild is a common
and schedules

practice among small-scale farmers in Cam-
bodia. Ask questions such as :

A How old (how many weeks) are these fingerlings? (Are
they at a size that is to be expected at this age?)
Examples
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Walking Catfish, Pangasius, Silver Barb around 1g
after 4 weeks, 59 after 8 weeks.

With Tilapia, male fish are usually bigger than fe-
male fish. With Silver Barb the growth rate of fe-
males is faster than that of males. If the hatchery
produces mono-sex fingerlings, farmers will get ad-
ditional advantage in term of growth rate.

How many family lines are maintained by the hatchery?

(More family lines reflect higher genetic diversity and
quality, i.e,, no inbreeding.

What are the sources of the brood stock?
How often is the brood stock changed?
Brood stock should not be recruited from their own fish

production to avoid inbreeding

4.1.2
FARM

Getting the fish seed or fingerlings from the hatch-
ery to the farm safely and without losses poses sev-
eral challenges.

Transportation can cause a lot of stress to the fish
and even mortality, particularly on some rural
roads.

Make arrangements with the hatchery a couple of
days before the planned stocking date, so that the
hatchery can prepare and condition the fish for
transportation. If possible, ensure that fish are pre-
pared and transported during the cooler times of
the day 0 after sunset until early morning. If finger-
lings are transported during the daytime, try to use
and air-conditioned vehicle or keep the container
in which the fingerlings are transported cool by sur-
rounding with ice.

Fish can be transported in polybags, Styrofoam
boxes, and plastic containers and tanks , which
can be mounted on a pick-up truck or even fixed to
a motorbike.

Whichever method is chosen, sufficient oxygen
supply is the most critical factor during transporta-
tion. Air breathing species such as Walking Catfish
and Striped Catfish (Trey Pra) can be more easily
transported in open containers, while species such
as Tilapia and Silver Barbneed oxygenated poly-
bags.

TRANSPORTATION OF SEED AND FINGERLINGS TO THE

To reduce mortality during transportation

1. Fish must conditioned for travel for 24 to 36 hrs.
before actual travel. This includesproviding good
water quality and sufficient oxygen as well asno
feeding and allowing fish to defecate during this
period before packing and transportation. Fsh
with full stomachs need larger amounts of oxygen
for digestion.

2. Fishfecescan also contaminate the water leading
to high levels of ammonia, which in turn reduces
the oxygen level in the water and causes stress for
the fish.

3. Sufficient levels of oxygen need to be provided.

4. Water temperature must be kept low (18-22°C).
The higher the temperature, the higher the oxy-
gen demand. Make sure that the containers or
bags used for transportation are shaded and
transport the fish at night or early morning or
with shade and cool transport during the day-
time.

5. You can cool the boxes by putting Ice around
them or on their top.

Tanks

1. Rectangular, circular or elliptical tanks can be
mounted on a vehicle and supplied with air or ox-
ygen.

2. Insulation materials can be used as filler between
tank walls as a jacket covering the tank.
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In Cambodia fingerlings are usually transported in | Plastic bags
10L-water plastic bags (0.4cm x 0.7cm size) or 15
30L-water open containers (gasoline cars). The
quantity of fingerlings per bag or container is re-
lated to the size of seeds:

1. Common method to transport post larvae, fry and
fingerlings
Normally pure oxygen is used to fill the bags
3. Corners of bags should be rounded to avoid cre-
For plastic bag s (0.4 x0.7cm; 10L -water): ating traps
Fry: 2000030000 head/bag 4. Standardize the numbers pgt in each bag .
5. Gradually release oxygen into the bag to avoid

N

Size 0.5cm:2500-3000 head/bag shock caused by high pressure
Size11.5cm: 1000 1500 head/bag 6. QVOi|d sh:rp objects wherever plastic bags are to
e placed.

Size 2.53cm: 200-500 head/bag
For open container s (30L-water) ——
Fry: 100000120000 head/container
Size 0.5cm: 30083500 head/container
Sizel:1.5cm: 15002000 head/container

=

Size 2.53cm: 300-350 head/container

Figure53 Gasoline canister with eotit prepared for fingel
ling transportation
Photccredit: Nen Phanna/GIEAFR Project

Figure5Q Using plastic containers for fingerling transpo
tion
Photaredit: FARDeC

Figure54 Preparing oxygenated plastic bag transport
Photaredit: Krich Songly/NARDI

Figure5L Open container transport (3gdsoline can)
Photaredit: FARDeC
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Figure52 Oxygenated and filled poly bag
Photccredit: Nen Phanna/GFAFR Project

413
THE POND

Ensure that seed is transported at a cool
time such as early morning, night time,
evening or at daytime but without direct
sun. |tds better to

ing the cool time of the day for stocking.
Fingerlings should be released into the
pond in the morning between 8am to 10am
or in the late afternoon or early evening.

The fingerlings need time to adjust to their
new environment. A sudden release can
cause shock and lead to mortality. If the
mode of transportation is bags, let the bags
with the seed or fingerlings float on the
pond for at least 15 minutes before releas-
ing them into the pond to avoid shocks and
sothe fingerlings can adjust to the new tem-
perature and the water chemistry.

Allow fish to recover from the stress of
transport and start feeding only 1 -2 days af-
ter stocking depending on duration of
transportation from nursery to farm .

STOCKING AND

Figure55 Shortdistance transport of fingerlings by smi
scale householdased farm
Photacredit: Nen Phanna/GIBSAFRProject

RELEASING SEEDS AND FINGERLINGS TO

EXERCISEDemonstration of stocking

At the pond, show the trainees how to acclimatize the fish.
Use a plastic bag with cold water and air and some floating
objects inside (if actual seed is not available, wood or plastic
objects can be used so they can be easily removed from the
pond afterward). Ideally use a thermometer to verify the
temperature.

Ensure to point out the difference in the bags and the pond

before floating the bags in the pond. Float the bags in the
pond for at least 15 minutes and do not expose them to di-

rect sunlight. Mix pond water into the bag slowly. Let the fish
get used to the pond water. Once the temperature and pH
of the water in the bag is the same as in the pond, the fish
can be released into the pond with care. Open the bag and
sink the open side into the water so the fish can swim out by
themselves. Observe how the fish svim. If they lie on the
pond bottom, this is a sign of being over -stressed from
transport, to the point where they might die.
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Figure56 Accl|mat|zat|on and releas&ingerlings
Photaredit: Theo Ebbers/GIBAFRProject

4.2 NURSING

Fish are often supplied to farms at very small sizes of around 1g or smaller. Releasing such small seed into
ponds can cause high rates of mortality and is inefficient. To ensure efficient feeding, small seeds should be
reared in nursery ponds or hapas for several weeks, until they reach a size of 5g when they should be moved
to grow -out ponds.

Nursery ponds are usually fertilized ponds. The principal objective of rearing juvenile fish in fertilized ponds is
to provide an environment in which fish survive and grow rapidly. This relies on the maintenance of an appro-
priate size and abundance of food organisms (phytoplankton, zooplankton and macro invertebrates), while
simultaneously maintaining water quality suitable for survival and growth. It is important to time preparation
and filling of ponds to coincide with stocking to ensure that when juveni le fish are ready to be stocked into
the ponds, there has been sufficient time for the ponds to develop suitable blooms of plankton. See section
on fertilization later in this module.

4.2.1 NURSING FISH IN HAPAS

To increase the survival rate, hapas can be §
placed in ponds to nurse fry for a few weeks
before releasing them into open pond water.
Hapas can be setup in grow-out ponds, as a
hapa of around 90cm to 120cm water depth. A
hapa with that water depth can accommodate
around 100 Tilapia seed/sgm.

Another advantage of the hapa is that you can
easily count the number of fingerlings. As ha-
pas are often fouled by uneaten feed, fish feces
and attached microbial growth, they should be

cleaned with a brush weekly.

Figure57 Rearing fingerlings in hapas
Photo Credit: Theo Ebbers/GR&RProject
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422 FISH GRADING

If fingerlings are not graded according to

their size, the bigger fingerlings will consume
most of the feed and the smaller fish cannot
get sufficient feed. For carnivorous species,
there also is the danger of cannibalism, with
the bigger fish eating smaller fish (e.g, Walk-
ing Catfish and Snakehead).

Grading also is important as the farmers
should stock their ponds with uniformly sized
fingerlings to ensure consistent growth
across the cohort.

Grading fry by size is achieved by sieving fish
through netting of different mesh sizes, e.g.,
using scoop nets or plastic mesh. Several
sizes of graders will be necessary depending
on the species and size of fish that will be
graded.

After grading, the stocking density should be
adjusted to the fish size.

For example, fry of non-air breathing species
can be stocked at a density of 200 to 250
head per m?, e.g. Tilapia, SilverBarb, Carp,
etc., and for air breathing species. The stock-
ing density can be 500 to 1000 /m? for Walk-
ing Catfish, Striped Catfish, Shakehead, etc.

Figure58 Grading equipment
Photaredit: NeRhanna/GFSAFRProject

Figureb9 Using grading equipment
PhotareditNARDI
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Photaredit: Keo Rathada

Grading fingerlings can be done by using scoop nets or
screen buckets with 3 or 4 different mesh sizes This hastwo
main purposes.

a. Grading fingerling during rearing from fry larvae to fin-
gerling stage ensures rearing of same or nearly same
size fingerlings.

< 1g fingerling

1g - < 3g fingerling
39 - 5g fingerling
6g - 10g fingerling

MR

Grading can be done every two weeks and graded finger-
lings moved to different hapas according to the size for fur-
ther rearing.

b. Grading of fingerlings is equally important to meet the
requirements of the customers and their order. Some
may want to order smaller fingerlings; others may pre-
fer larger fingerlings and the nursery should be able to
meet that respective requirement of the farmer.
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Counting fingerling _s:

Step 1: Farmers can use a balance or scale for weighing
fingerlings without water . Weigh 3 separate groups of fish
fingerlings each weighing about 1 kg.

Step 2: Count the number of head for each sample. For ex-
ample, fingerling of Pangasius with size 8 18mm or 6-10g:

Sample 1: 1kg = 110 fingerlings
Sample 2: 1kg = 120 fingerlings
Sample 3: 1kg = 130 fingerlings

Calculation

Average per 1kg

Formula:

Samplel+Sample 2+Sample 3)/3

Example

= (110+120+130/3) = 120 fingerlings per kg.

Example If total weight of fingerling in the hapa is 100 kg

So, total number of fingerlings = average number of
fish per kg x total weight of fingerlings in hapa

=120 fingerling x 100kg
= 12,000 fingerlings

Table22 Sample session plan foodule4

DURATION ACTIVITIES/TOPICS METHODOLOGIES MATERIALS
15 min Courseobjectives and ex- | Speech, presentation
pected outcome
90 min FISH SEED SELECTION | A Brainstorming
TRANSPORTATION AND | A Interactive presentation of good fingerling s, transpor-
STOCKING tation, and release of fingerlings Marker pen and
A Introduction to A Question linking with pictures o r poster color paper.,
farmer on how to A Game of training (small fish & big fish ) PowerPoint o
Er?;esc;t goodfnger poster presentation
A How to transport Plastic bag for re-
fingerlings; lease of flngerllng S
. . demonstration
A How to release fin-
gerlings into the
pond
60 min Field practice on fiIIir_1g A Feld practice and demonstration at pond Plastic bags for
P°|yb3_‘95 and releasing A Distribute empty polybag s to participants practice
fingerling s
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DURATION‘ ACTIVITIES/TOPICS I

METHODOLOGIES

A Demonstrate preparation of bags (filling with water
and air) and ask participants to follow your demon-
stration

A Take polybags to the pond and demonstrate release
of fingerlings (floating the bag, open the bag and mix-
ing pond water into the bag and release fingerling s
into the pond).

A Ask participant to follow your demonstration s

‘ MATERIALS

30 min Training evaluation Participatory plenary Training evaluation
questionnaire
forms
Flipcharts

15 min Summary: What did we | Invite one participant to summarize

learn today?

Give a speech
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MODULE 5

5 MODULE 5: FISH FEEDING AND FEED PRODUCTION

Feed is the most critical cost factor in aquaculture operations.  The higher the stocking density and targeted
production, the greater the dependence on commercial feed. Thus, feed needs to be cost-effective to meet
the economic objectives of farming. High productivity requires high quality feed that is formulated for t he
cultured species. High quality feed also contributes to good fish health. With lower feed conversion rates than
home-made feed, commercial feed offers faster growth, lower mortality and better water quality, as less feed
is wasted.

In this module, participants will be familiarized with basic principles of fish feeding. They learn how to optimize
their feeding regimes for achieving desired growth rates of fish at minimum costs. This requires the under-
standing of basic feed components and their importance. For small-scale fish farmers who are operating semk
intensive culture systems, it is important to understand and to be able to provide an inexpensive, balanced
diet for their fish. Participants will learn to use and process a variety of farm by-products available at their
households and farms as nutritionally valuable ingredients in home-made fish feed for their farm operations.

As the sample calculations of production costs in Module 1 have shown, feeding is the largest cost component
in semi-intensive and intensive production systems and farmers need to understand the cost s and eco-
nomic implications of different feeding systems and feed compositions

At the end of this module, participants will understand :

A Nutritional requirements of fish and how to meet them with different production systems
A Advantages and disadvantages of different types of feed

A Importance of different key ingredients

A Different ways of feed administration

They will be able to:

A Apply various feed formulations and produce feed at home
A Apply feed at appropriate rates and have practiced feed formulations
A Analyze the economics and costefficiency of their feeding system

5.1 NUTRITIONAL REQUIREMENTS OF FISH

Food availability is the most critical factor for fish growth and yield in a fish farm . This is closely related
to stocking density and fish size. In a natural eco-system, fish depend on food produced by this ecosystem.
This food is called natural feed and it is an important basis on which to build a farming system. The nutritional

value of the natural food supply in ponds is important, even when fish are cultured intensively, especially in

outdoor systems.

As natural feed production alone would allow only for a low stocking density, the farmer needs to provide
additional feed, if the stocking density exceeds the natural carrying capacity of the pond.

In fertilized ponds with a good production of natural feed, the protein content can be as high as 80% or

more, while for species such as Tilapia andCarps 30% would be more than sufficient. The farmer can bring

down the overall protein content of the feed in the pond
carbo-hydrate rich agricultural by products like rice bran, oil cake, broken rice, etc., which arecheap and not

normally utilized for human consumption .
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We call this feed supplementary feed, as it complements the available natural food in the pond.

Such supplementary feed is not to be confused with home-made feed. When stocking densities are getting
too high for natural and supplementary feed to provide sufficient protein, carbohydrates and fats to the fish,
formulated feeds are needed to meet these nutritional requirements of the fish. Such formulated feeds can

be produced by the farmers (home-made feed) or bought as ready-made commercial feed from the market.

Often home-made feed is recommended, as commercial feeds are considered expensive and ingredients
such as rice, soya beans, maize and other agricultural products commonly used for homemade feed are
considered cheap and easily available.

As compared to commercial feeds, home-made feeds have a low digestibility, even when cooked. The milling
of the feed is important to improve its digestibility . Thecomposition is also important because fish can only
grow as fast as the most limiting factor in the feed. Furthermore, home-made feeds take time for preparation
and cooking.

The alternative to making home-made fish feed is to purchase commercial pelleted feed. Commercial feeds
come with different protein content to match the need of the species under culture. Commercial feeds also
come in different qualities. Pelletized feeds can be differentiated from extruded feeds. The process of extru-

sion improves digestibility and also makes the pellets float, so consumption by the fish can easily be ob-

served.

While different fish species have different nutritional requirements, they all depend on the following key nu-

trients:

Table23 Key nutrients

NUTRIENT DETAILS REQUIREMENT SOURCES
(% BY DRY DIET)
Proteins areimportant building blocks of fish tissues. Fish meal and meat
. Proteins in fish nutrition are needed for the growth and based meal (from ani-
Proteins . . . 32-45%
regeneration of tissues. Proteins can be plant based or mal scraps), soy bean,
animal based. rapeseed
. 4-28% (shoul i ish oi i
Used as a source of energy. There are different types of S vl conE | HED e, S0yl
. ) . least 1-2% of the w-6 or
Fat fatty acids, and generally freshwater fish fatty acids of . .
Y . w-3 essential fatty acid
the so-called linoleic (w-3) and (w-6) series. .
series)
Carbohydrates areenergy-providing feed components Rice bran, wheat
composed of carbon, hydrogen, and oxygen. The en- flour, cassava meal
Carbohydrates P . yarog g 10-30% ! v
ergy they provide powers muscular movements. A local
source of carbohydrates is rice
Minerals are inorganic nutritional elements, such as cal- Mineral pre-mix
Minerals cium, phosphorous, magnesium, iron, copper, manga- | 1.0-2.5% fed as amulti-
nese, zinc, iodine, and selenium. Minerals are important | mineral premix
for the blood and tissue composition
These are inorganic substances required in trace 1.082.5% fed primarily as | Vitamin pre-mix
amounts. Vitamins are important for a balanced fish nu- | a multi-vitamin premix.
Vitamins trition. They are essential, irreplaceable micronutrients | Vitamin C and choline are
that are required for normal physiological functions in- | added separately from
cluding growth, body development and rep roduction, | the premix because of
as well as animal weltbeing and general health status | their chemical instability.
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To know the feed type a fish species requires, the farmer also needs to understand the feeding behavior of the
fish. For example, omnivorous fish require different feed types and nutrient levels than carnivores. Pelagic fish
that are living in the water column require floating feed while benthic fish, living and feeding at the pond
bottom require sinking feed . For further details on nutritional requirements and feeding behavior or different
fish species,see Talle 24: Overview of popular fish species in Cambodia

5.2 PRODUCING NATURAL FEED THROUGH POND FERTILIZATION

Fertilization as the key element to creating a natural food chain in the pond was introduced in Module 3. If the
natural productivity of the pond declines, it is necessary to continue fertilizing the pond . The purpose of ferti-
lization is to create a food chain that will increase the productivity of the pond. Nutrients are added to ponds
to stimulate the natural production of phytoplankton, zooplankton and bacteria that all serve as food for fish
such as Tilapia orSilver Barb as well asomnivorous fish such as Striped Catfish or Walking Catfish.

In a natural ecosystens there are far fewer carnivorous fish on the 4th trophic level than herbivorous fish on
the 2" trophic level. Pure phytoplankton feeders have 10 times more food available than pure zooplankton
feeders. Fishthat feed on small fish, which feed on zooplankton, already have only 1/100 of the primary pro-
duction available. For this reason, carnivorous fish on the 4" trophic level depend much more on protein and
are more costly to feed.

To support the growth of phytoplankton on the 1 * trophic level, fertilization of the ponds is required. This is
particularly important for culturing fish that feed on phytoplankton, such as carps and Tilapi a. There are dif-
ferent types of fertilizers; inorganic fertilizers that enhance the primary production of the pond and organic
manures that can also act as an immediate source of food for the fish. The success of a pond fertilization
strategy depends on the initial drying, tilling and liming of the pond bottom . The fertilization strategy used to
enhance fish production will depend on the management system (extensive versus semi-intensive), stocking
density and type of fertilizers used (organic, inorganic or a combination). Use of chemical fertilizers is not
recommended as it is more costly than manure. However, it is a good method of enhancing phytoplankton in

the fishpond since they are nutrient dense and easy to handle.

It is recommended to use organic manure produced by the
household, such as cow dung or chicken manure or compost, as commercial inorganic fertilizer usually is
expensive.

5.2.1 KEY PRINCIPLES OF POND FERTILIZATION

Adjust fertilization rate and frequency to maintain | The natural food in the pond (small insects, phyto-
light-green pond water with a 30cm Secchi disk plankton and zooplankton) is too small to see.
reading, see Module 3. ‘ 8

If the water is green enough, no additional ferti-
lizer should be added.

Figure61 Green pond water indicating high l@f@hytoplank-
ton/algae as natural feed
Photaredit: Theo Ebbers/GFA, SABjJect

-90-



SDeCd;]i Management Response EOL‘” Light green pond water as an indication of good
EpL Sl water quality during culturing fish.

> 60 cm Water is too clear. Inadequate algae

production. Danger of aquatic weed L p! eGrf
problem. Increase fertilizer use. ‘f
r 0(!‘

60-45 cm Algae becoming too scarce. Increase '

fertilizer use a little. j

o

45-30 cm Ideal algae density. '0{ Q";b o 'v
20-30 cm Algae becoming too dense. Reduce 6f :d

fertilizer use a little.

<20cm Algae too dense. Risk D.O. problems
every night. Stop fertilizer use.

Figure62 Secchi disk reading and management re-
sponse
SourceUSAILHARVESroject Figure61: Microscopic algae

Photo Credit: Bimgn Xi/FFRCAFS
Normally pond water is green, brown, reddish or

transparent. Muddy brown water is usually
caused by soil particles suspended in the water; it
is often a sign that the pond is not fertile.

The photo above shows green algae (right) and brown
algae (left) and below indicating good green water
color.

Liming application can help to reduce the clay
turbidity. Brownish green indicates that the
bloom has more zooplankton while dark brown

indicates the presence of phytoplankton (brown

algae mainly diatoms). Green colors indicate
plankton productivity (green algae mainly Chlo-

rella sp.) Green can range from light green indi-
cation of good fertilization) and dark green (indi-

cation of over-fertilization). Some plankton turn-

ing too green and red floating as scum on water
surface at some periods in the day indicates the
presence of blue-green algae (Cyancbacteria
(green scum) or Euglena sp (red scum).This isbe-
cause the pond is rich of nutrient loads for long | Figure2 zooplankton Cladocera and Copepod
periodswithout cleaning. It canhappen most eas- | Source: www.dosenpendidikan.co.id

ily during very sustained, hot weather.
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Figure63 Determiring the presence of zooplankton
Photo credit: Nget Touch S&éjact

The pictures above show farmers collecting and con-
centrating zooplankton and phytoplankton from their
pond by using a cloth and a transparent glass to ob-
serve the presence of natural foods available in the
pond water.

Indications of unhealthy ponds

The pond with muddy clay, green scum or red scum will
prevent light penetration into the pond water leading
to lower productivity of natural food for zooplankton

Figure64 Muddy pondue to pond wadrosion
Photo credit: Nget Touch S%6jRct
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Figure65 Pond water with green scrum
Photo credit: Nget Touch S%éjact

Figure66 Red algae in pond
Photo credit: Nget ToB8RRProject

Table25 Observatios of water color antequiredmanagement actisn

POND COLOR, STATUS‘ MANAGEMENT ACTION

Muddy Use lime or organic fertilizer, or Alum (depending on the availability and cost of materials)

Dark green Reduce fertilizer,reduce feeding. If external water source exists,exchange 20-30% of the water
with clear, save (no pesticides)unfertilized water

Red Reduce fertilizer, if possible, exchange 20-30% of the water with clear, unfertilized water
Clear Add more fertilizer. If a pond with well fertilized water is nearby, add fertilized water from this
pond.
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5.3 SUPPLEMENTARYAND FORMULATED FEEDS

If the stocking density of a fertilized pond exceeds carrying capacity, i.e, it cannot produce sufficient natural

feed for the stocked fish, the farmer needs to add additional feed to ensure appropriate fish growth rates. At

low stocking densities in a well-fertilized pond, the farmer can add carbohydrate rich agricultural byprodu cts
to enhance fish growth. In such ponds, the natural feed can contain up to 80% of protein, whereas many
herbivorous species need only about 30% or less. Feeding carbohydraterich agricultural byproducts such as
rice bran can bring down the protein proportion of the available feed to desired levels.

At higher stocking densities, this approach will not be sufficient, and the farmer need sto add formulated feed
to the pond which must also contain sufficient protein . Formulated feed is a feed-mixture of various ingredi-
ents based on the nutrient requirements of fish. Such formulated feed can be made by farmers at home (home-
made feed) or commercially produced pelleted feed.

By choosing between home-made feed and commercial feed, the farmer needs to carefully consider the costs.

An important factor to consider before making home-made feed is the feed conversion rate (FCR). The FCR is
the amount of feed required to produce 1kg of fish. E.g., a FCR of 15 means that the farmer needs 1,5kg of
feed to produce 1kg of fish ; with a FCR of 2.5, growing 1kg of fish would require 2.5kg of feed. Home-made
feed often has a FCR of 3.5 or higher, i.e.the amount of feed to produce 1kg of fish is much higher than with
commercial feed. Thus the farmer needs to consider the costs of producing home -made feed vs. the cost of
buying commercial feed. Unlessingredients for home-made feed are cheaply or even freely available at the
farm, home-made feed may be more expensive than commercial pelleted feed just because of the high amount
of feed needed to meet the feeding requirements of the fish. Production of home -made feed also requires a
lot of time and effort as the ingredients need to be prepared and well -cooked to increase the feed uptake
capacity of the fish. For a good uptake of the nutrients provided in the feed the ingredients must be inp owder
form. The finer the grinding the better the uptake. Also , the composition is important because the fish can
only grow as fast as the most limiting factor in the feed.

It is important to ensure that the fish are not underfed, as underfeeding will lead to slower growth.

Excess feeding on the other hand, can reduce water quality through biological and chemical contamination.
More than that, it also is a waste of money, as unused costly feed will sink to the pond bottom wit hout being
consumed by the fish.

Feeding frequency should be adjusted to the fish size, with smaller fish requiring higher feeding frequencies
than larger fish. When feeding, fish behavior should be observed to ensure fish are eating and to avoid under-
or over-feeding. Low appetite is a sign of distress and is a reason to test water quality, check fish health,
stocking densities and feeding practices. Feeding is normally performed manually. Feed should be given at
least two times a day. Feeding frames for floating feeds and feeding traysfor sinking or home -made feeds can
be used to confine feed in a certain area and minimize loss. The places and times of feeding should be kept
constant, and thus fish will become accustomed very quickly and consume feed efficiently.

Proper feeding practices can reduce the FCR, reduce feed usage and waste due to overfeeding, and
prevent pond bottom and water quality deterioration due to excess feed accumulation.

5.3.1 SUPPLEMENTARY FEEDS

Supplementing natural feed in the pond with carbohydrate rich agricultural by products, e.g., kitchen left-
overs, etc., works best for herbivorous species at low stocking densities, such asCarp, Tilapia, andSilver Barb.
In addition to agricultural byproducts, ingredients can be collected from the wild. Grass and leafy vegetables
should be cut, but generally can be added to the pond without processing.
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For omnivorous species such as catfish, which require more protein, grass, leafy vegetables, Adla are less
useful; for these fish insects, termites and worms can be added.

Table26 Examples of supplementary feed

0 D FRO D A RAL PROD OR AGR RAL B OVER
AN CO PTIO PROD
Azolla Fruits Maize bran Kitchen leftovers
Termites Leafy vegetables Ricebran
Grass, leaves Soya bean flour
53.2 HOME-MADE FEED

Farmers can formulate his/her own feed using locally available ingredients such as agricultural products or
their by-products.

These home-made feeds, which consist of a simple combination of locally available inputs, contain some key
nutrients fish require for a healthy growth.

Local feeds are what a farmer can easily find within his or her locality to feed fish. These feeds can be used
either as single feed or combined with several feedstuffs. The following should be considered as it relates to
feedstuffs:

A When selecting ingredients for making fish feed, the farmer needs to consider the feeding preference of
the fish. Ingredients should be selected according to fish feeding habits in their natural habitat. If the fish
are omnivorous, ingredients can be selected from both plant and animal origin, if they are herbivorous,
ingredients should only be of plant origin.

A For omnivorous and carnivorous species, animal protein is important, but also more costly than plant-
based protein, if purchased.

A Good alternatives to fishmeal and other animal-based protein are leaves of plants such as moringa
(Moringa oleifera) or cassava (Manihot esculenta).

A Easily available in Cambodia are aquatic plants such as aquatic ferns (Azolla spp.), duckweed (Lemnoideae
spp.) and water lettuce (Pistia stratiotes). These ingredients have a good nutrient profile with respect to
protein, vitamins and minerals.

A Home-made feeds can be in powder, crumble or dough form and they sink in water. As mentioned above,
farmers should use a feeding tray so that feed does not stick to the mud at the bottom and farmers can
monitor whether fish are eating the particular type of feed or not.

MAKING CRUMBLES/FLAKES

Mix the ingredients according to the chosen formula

Add a binder e.g., cassava meal or flour as a proportion of the total ingredients
Add water to the mixture

Make sure every part is thoroughly wet

Make flat chunks

Spread them out in the sun to dry

> DD D >

Table27 Homemade feed mix basic formulas with locally available ingredients

INGREDIENT FORMULA FOR MAKING HOME-MADE FISH FEED- 100 KG
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FORMULA| FORMULA| FORMULA| FORMULA| FORMULA| FORMULA| FORMULA| FORMULA| FORMULA| FORMULA
1 2 3 4 5 6 7 8 9 10
25 50 25 10 30 40 26 25

1 |Rice bran
2 |Cornmeal 25 20 32 29
3 | Soybean 30 30 60 40 30
4 | Greens 50
5 |Azolla 20 15
6 | Trash fish/pel- 10 20 20 20
leted feed
(protein 40%)
7 | Brokenrice 10 10 10
8 | Leucaena leaf 57 63
meal
9 |Cassaa 10 10 10 10
10 | Taro leaf meal 60 64
11 |Salt (Nacl) 1 1 1 1
. Total (Kg) 100 100 100 100 100 100 100 100 100 100

Figure67. Ingredients for hormaade feed

Rice Bran 25 %
A A 1

) o

Source: FIASAIDHARVESE WorldFish

Figure68 Making homeade feed
Source: FIAISAIHARVEST & WorldFish

Home-made feeds should not be put directly into the pond, and tools such feeding trays are recommended.

These allow the farmer to observe the uptake of the feed by the fish.
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Figure69 Example of feeding tools
SourceFAO
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5.3.3 COMMERCIAL PELLETED FEED

At higher stocking densities, the use of commercial, pelleted feed becomes cheaper than home-made feed,
simply because more home-made feed than commercial feed is needed per kg of fish.

If the farmer applies commercial feed, the following key principles should be followed:

Feed should be purchased from a reputable man-
ufacturer

Use high quality commercial feeds and buy directly
from the feed mill or trusted dealers.

Floating pellets are recommended, as they remain
on the surface until consumed and hence it is easier
to monitor the fish and track their growth .

Figure7Q Pangasius floating pelleted feed
Photo credit: Keat SocheattHURREDCRSEER

Feed should be fresh

While this also applies for home-made feed, it is im-
portant for the farmer to check the production and
expiry date of the purchased feed.

Before feeding, check whether the feed is freshwith
uniform size and color and not moldy.

Figure7L Dry fresh pellets, not moldy
Sourcehttps://www.dreamstime.com/ghwigss/pellet
feed.html

-08-


https://www.dreamstime.com/photos-images/pellet-feed.html
https://www.dreamstime.com/photos-images/pellet-feed.html

Pellets should be of the right size

Use the right size of pellets for your fish at each life
stage. If the pellets are too big, the fish cannot eat
them, since fish swallow feed whole. If the pellets are
too small, the fish require much effort to eat enough
and this will decrease the growth rate.

Also, the protein requirements are different for dif-
ferent live stages of the fish. Fingerling feed is always
much more expensive than grow out feeds because
fingerling feed has a higher protein content. Feeding
fish feed for early stages during grow out increases
your production cost significantly.

Use the right feed for your species

Different fish species have different protein require-
ments. Since protein is the most expensiveingredi-
entin fish food, you should not feed herbivorous fish
with food intended for carnivorous fish (high protein

content), otherwise you will lose money.

Feed the right amount

Do not overfeed : Uneaten feed will go to waste and de-
crease the water quality. It is also a waste of financial re-
sources, as the farmer spends a significant amount of
money on feed that is not used by the fish.

Do not underfeed : Insufficient feeding will lead to poor
growth. When using floating feeds, a floating hose ring or
pipes can be used to contain the feed and stop it floating
away to the pond margins where it attracts birds and is
harder for the fish to consume.

In the absence of a weighing scale, it is hard to calculate
feeding quantities. Therefore, smallholders can opt to feed
to satiation. Use of floating feed enables the monitoring of
fish during feeding; feed should be consumed within 20
minutes of being off ered to the fish. If fish do not consume
all the pellets within 20 minutes, the quantity should be re-
duced.

However, this method leads to a higher feed conversion
rate, increasing the total amount of feed needed to pro-
duce each kg of fish. Hsh will consume much more of the
expensive feedthan needed for maximal growth. Therefore,
this should be done maximum once a week to observe the
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Figure72 Various sizes of pelleted feed
Source: www.afrimash.com

Use feeding instructions provided by the
feed producer

When using commercial feed, information of
how much feed should be given to the fish,
based on the percentage of average body
weight, is provided by the feed producer
(printed on the bag)

These instructions are based on optimum
production parameters, which in reality usu-
ally are not achieved. Also, commercial feed
often contains attractors, that make the fish
feed more than they actually need. Following
these instructions thus often leads to over-
feeding, with feed not being consumed by
the fish and thus wasting money.

Following the recommendations on the left
for observing feeding, is a first good ap-
proach to determine the appropriate amount
of feed without determining average weight
of fish through sampling.

However, for better feeding results monitor-
ing growth rate and average body weight of
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maximum uptake. For normal feeding, you reduce the | fish through regular monthly sampling of fish
amount of maximum uptake feed by at least 20%.

Figure74 Indicator of oveieedingdfloating pellets not consumed |

fish
Photo creditheo EbbefSFASAFRProject
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Figure73 Observing fish feeding behaior and feed uptake
Photo credit: Nget Touch/GBRARProject

should be done.
Sampling:

A Use small cast net to quickly catch around
20 to 30 fish asa sample, avoiding fish
getting stressed

A Weigh the caught fish on the scale with a
bucket and note the total weight .

A Count the sampled fish in the bucket and
return back to the pond and note the
number of fish counted and the weight of
empty bucket.

A Weight of sampled fishes = weight of fish
and bucket - weight of empty b ucket.

A Average weight per fish= weight of
sampled fish/number of fish counted .

A Total weight of fish in the pond = average
weight per fish x total number of fish in
the pond.

Note: Must have a good estimate total

number of fish and fish mortality in the pond

Figure75 Weighing fish sample
Photo credit: Loeung Sannva/HURBBEBRProject
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5.34 CALCULATION OF THE FEED COST

Whenever fish are sampled the farmer can also control the efficiency of the feeding. As mentioned under 5.3. the
FCRgives the ratio of the kg of feed needed to produce one kg of fish. Commercial feeds are well formulated to
achieve the lowest FCR possiblebut they also come at the highest price per kg. To understand the efficiency of your
feed, you can calculate the feed cost. The feed cost is different from the price per kg of feed. The feed cost tells you
how much Riel you pay for feed to grow 1 kg of fish. For example, a feed-cost of 4.000 riel/kg fish means, that you
have fed your fish with feed worth 4000 riel while your fish has grown by 1 kilogram.

To calculate the o0feed costdé you need the total money spent
weight at the time of stocking. Feed cost should be calculated every time you sample and weigh your fish.

Example how to calculate feed cost :

Supplementary feeds are usually very cheap, because they are byproducts from agriculture At low stocking densities
the contribution of natural feed is high and therefore the feed cost sare low. Usually between 1,000 and 2,000 Riel/kg
fish or even less.Homemade feeds are more expensive, because they contain quality products from agriculture. At
higher stocking densities contribution of natural feed is less and feed cost increases to about 3,000 or 6,000 Riel per
kg of fish. For formulated feeds you pay more Riel per kg (approx. 3500 Riel/kg) because formulated feeds contain
everything a fish needs and they are wellprocessed. Although the price per kg is high, formulated feeds are usually
more efficient than home -made feeds. Feedcost per kg of fish usually ranges between 3,500-4,500 Riel/kg fish,
depending greatly on your feed management.

Table27: Samplesession plan for module 5

TIME ALLOCATION l ACTIVITIES/ TOPICS l METHODOLOGIES ’ MATERIALS
20 min Session objectives and expected | Interactive plenary with brainstorming | Marker pen, flip chart,
outcome of participant expectations and color paper.
180-200 min Fish feed and Feeding
A (45-60 minutes) Introduction A Interactive brainstorming on 3key |A Flip chart and
to farmers on key nutritional nutrients important for fish: 1. Devel- marker
components of feed for fish opment, 2. Energy, and 3.Protection
(protein, carbohydrate, fat, mix (protein, carbohydrate, fat, vitamins,
vitamin and mineral) and mineral)
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