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Preparation of this document

This technical paper was prepared by a group of experts under the leadership of
Dr Mohammad R. Hasan as a part of the Food and Agriculture Organization of
the United Nations (FAO) Aquaculture Service’s (FIRA) ongoing regular work
programme on “Studies, reviews, guidelines and manuals on use of feed and nutrient in
sustainable aquaculture development”, under the organizational output “Aquaculture
practices and technologies that comply with the Code of Conduct for Responsible
Fisheries (CCRF) are developed and promoted”.

This technical paper reviews the current status of on-farm feeding and feed
management in aquaculture. It contains a) ten case studies on feeding and feed
management practices carried out in seven selected countries of Asia (i.e., Bangladesh,
China, India, Thailand, Viet Nam) and Africa (i.e., Egypt, Ghana) for eight species
belonging to four major farmed species of freshwater finfish and shellfish: shrimp
and prawns, Nile tilapia, striped catfish and Indian major carps; b) an analysis of the
findings of these ten case studies and a case study for Indian major carps in India
(published separately?); c) ten invited specialist reviews on feed management practices
from regional and global perspectives and d) an overview of the current status of
feed management practices with information drawn from the case studies, the invited
reviews and other related publications. In addition, a targeted workshop entitled
“On-farm feeding and feed management in aquaculture” was convened in Manila,
the Philippines, from 13-15 September 2010 where all the above case study reports,
analysis of case studies and invited review papers were presented. The workshop was
organized by the Fisheries and Aquaculture Department Aquaculture Service (FIRA)
and was hosted by the Southeast Asian Fisheries Development Center Aquaculture
Department (SEAFDEC/AQD), Iloilo, the Philippines. The report of the workshop was
published as a FAO Fisheries Report (www.fao.org/docrep/013/i1915€/i1915€00.pdf).

Before editorial work, the manuscripts in this technical paper were reviewed for
technical content, FAO house style and linguistic quality by Dr Richard Arthur for
the invited reviews and synthesis paper and by Dr Thomas Shipton for the case studies.
For consistency and conformity, scientific and English common names of fish species
were used from FishBase (www.fishbase.org/search.php).

Much gratitude is due to the authors of the invited reviews and case studies, who
faced an enormous task and showed tremendous patience with the editors. Ms Tina
Farmer and Ms Marianne Guyonnet are acknowledged for their assistance in quality
control and FAO house style. Mr Koen Ivens prepared the layout design for printing,
and Ms Danielle Rizcallah provided miscellaneous assistance. The publishing and
distribution of the document were undertaken by FAO, Rome. Finally, Jiansan Jia,
Chief of the Aquaculture Branch of the FAO Fisheries and Aquaculture Department
is acknowledged for providing the necessary support, advice and insight to initiate the
study and to complete the publication.

This publication is organized in three sections: a) Overview and Synthesis,
b) Case Studies, and ¢) Invited Reviews. The publication is printed with the first
section “overview and synthesis” while the whole volume is available on a CD-ROM
accompanying the printed part of this publication.

! Ramakrishna, R., Shipton, T. & Hasan, M.R. 2013. Feeding and feed management of Indian major carps in
Andhra Pradesh, India. FAO Fisheries and Aquaculture Technical Paper No. 578. Rome, FAO. 90 pp.



Abstract

This technical paper provides a comprehensive review of on-farm feeding and feed
management practices in aquaculture. It comprises of a) ten case studies on feeding and
feed management practices carried out in seven selected countries of Asia and Africa for
eight species that belong to four major farmed species of freshwater finfish and shellfish;
b) an analysis of the findings of the above ten case studies and a separately published case
study for Indian major carps carried out in India; c) ten invited specialist reviews on feed
management practices from regional and global perspectives; and d) an overview of the
current status of feed management practices. The country-specific case studies were carried
out for Nile tilapia (Oreochromis niloticus) in China, Thailand, the Philippines, Egypt and
Ghana; Indian major carps [rohu (Labeo rohita), catla (Catla catla) and mrigal (Cirrhinus
cirrhosus)] in India and Bangladesh, giant river prawns (Macrobrachium rosenbergii)
in Bangladesh, striped catfish (Pangasianodon hypophthalmus) and whiteleg shrimp
(Litopenaeus vannamei) in Viet Nam and black tiger shrimp (Penaeus monodon) in India.
The broad thematic areas that were addressed in these case studies and invited reviews are:
i) current feed types (including fertilizers) and their use in semi-intensive and intensive
farming systems; ii) on-farm feed production and management; iii) feeding and feed
management strategies, feed procurement, transportation and storage; iv) environmental,
economic, regulatory and legal frameworks of feeding and feed management practices;
and iv) identification of research needs. Based on the information presented in the eleven
case studies, ten specialist reviews and from other relevant publications, an overview paper
presents concluding remarks and recommendations on some of the major issues and
constraints in optimizing feed production, use and management.

Hasan, M.R. & New, M.B., eds. 2013.

On-farm feeding and feed management in aquaculture.

FAO Fisheries and Aquaculture Technical Paper No. 583. Rome, FAO. 67 pp.
Includes a CD-ROM containing the full document (585 pp.).
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An overview of the current status
of feed management practices

Thomas A. Shipton' and Mohammad R. Hasan?
'FAO Consultant

Grahamstown, South Africa

?Aguaculture Officer

Agquaculture Branch

FAO Fisheries and Aquaculture Department
Rome, Italy

Shipton, T.A. and Hasan, M.R. 2013. An overview of the current status of feed
management practices. [z M.R. Hasan and M.B. New, eds. On-farm feeding and feed
management in aquaculture. FAO Fisheries and Aquaculture Technical Paper No. 583.
Rome, FAO. pp. 3-20.

ABSTRACT
This paper presents an overview of the current status of feed production and
on-farm feed management practices. It reviews some of the major issues and
constraints in optimizing feeds and on-farm feed management practices. The
analysis is based on the findings of the country- and species-specific case studies,
regional, and specialist subject reviews that are presented in this technical
paper. Providing farmers with well-balanced feed at cost-effective prices is a
prerequisite to profitable production. Formulation issues, and in particular the
provision of species-specific feeds that address the nutritional requirements of
the different life stages of the farmed animal (larval, fry, grower, finisher and
broodstock) remain important topics for both commercial and farm-made feed
production sectors. Much of the aquafeeds used in Asia and Africa are either
produced on-farm or by small-scale semi-commercial feed manufacturers, and
improvements to the quality and preparation of these feeds are likely to bring
about improved productivity and cost savings. The small-scale production sector
is currently constrained by a number of factors including inadequate access to
finance, a lack of technical innovations, an absence of feed formulation and
processing knowledge, and training. The potential to develop public-private
partnerships with farmer groups or associations to share resources and improve
access to improved manufacturing capacity should be considered. The majority
of the case studies revealed that farmers across many countries and sectors were
unaware of the importance of appropriate feed handllng and storage techniques.
The importance of feed management practices in optimizing production
parameters needs to be conveyed to farmers. The use and efficacy of automated
feeding systems needs to be established, and the use of feed tables, feed and
production records needs to be promoted. Farmers need to be provided with
simple tools to monitor farm production indices (e.g. feed conversion efficiency
and growth rate) and training on how to take corrective actions. In extensive and
semi-intensive production systems, there is a need to establish the qualitative
and quantitative relationships between natural pond productivity and the impact
that the use of supplemental and farm-made feeds have on nutrient cycling and

* Present address: Department of Ichthyology and Fisheries Science, Rhodes University, Grahamstown,
South Africa.
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retention in the farmed species. Developing a better understanding of these
dynamics is central to optimizing feed formulations and reducing feed costs. The
implications of feed type, formulation and feed management practices on the
environmental footprint and economics of the farming operation are important
issues that farmers need to take into consideration when planning their farming
activities. If farmers understand and can quantify the economic interrelationships
between feed type and costs, performance and feed management, they can
significantly improve their profitability. Economic tools for this purpose to
assist farmers need to be developed. Poor regulatory control and a lack of
standards throughout the aquafeed value chain are constraints to feed supply,
quality and use. Appropriate aquafeed policy, regulatory frameworks, and feed
standards need to be developed in those countries that do not already have them,
and institutional capacity needs to be strengthened in those agencies responsible
for monitoring and compliance. Training and the dissemination of information
to farmers, particularly small-scale farmers that have limited access to the
latest technological and management developments, are issues that need to be
addressed. Weak extension and information dissemination networks result in low
adoption rates of new feed production technologies and management practices.
Consideration should be given to promoting programs that use the local media
to provide farmers with extension messages, including, amongst others, up-to-
date feed ingredient availability, quality, price and supplier information, feed
formulation and ingredient inclusion rates.

1. INTRODUCTION

In semi-intensive and intensive aquaculture systems, feed costs typically account for
between 40 and 60 percent of production costs (De Silva and Hasan, 2007). In order
to ensure profitability, it is imperative that farmers have access to good quality feeds
at reasonable prices, and that they optimize their feed use by instituting appropriate
on-farm feed management practices. This paper presents an overview of the current
status of feed production and on-farm feed management practices, and provides a
review of some of the major issues and constraints to optimizing them. The analysis
is based on the findings of the species-specific country case studies, regional reviews,
and specialist subject reviews that are presented in this technical paper.

These case studies and regional reviews focused on feed and feed management practices
forNiletilapia(Oreochromisniloticus)in China, Egypt, Ghana, the Philippines, Thailand,
‘and sub-Saharan Africa, the Indian major carps (Catla catla, Labeo robita, Cirrhinus
cirrhosus) in Bangladesh and India, striped catfish (Pangasianodon hypophthalmus) in
Viet Nam, North African catfish (Clarias gariepinus) in sub-Saharan Africa, whiteleg
shrimp (Litopenaeus vannamei) in Viet Nam, black tiger shrimp (Penaeus monodon) in
India and giant river prawns (Macrobrachium rosenbergii) in Bangladesh. The analysis
also draws on selected reviews that focused on specific aspects of feed management,
including environmental, economic, regulatory and manufacturing perspectives.
Finally, it considers the outcomes of an FAO Expert Workshop on on-farm feed
and feed management in aquaculture that was held in Manila, the Philippines, on the
13-15 September 2010 (FAO, 2010)%

2 SYNOPTIC REVIEW OF FARM-MADE AND COMMERCIAL FEED USE

As feed represents one of the highest operating costs in aquaculture systems (Hasan,
2007; Hasan et al., 2007), feed choice and feed management practices have a significant
impact on the economic performance of a production system. The type and value
of feed inputs that farmers select is dependent upon a number of factors including

2 http://www.fao.org/docrep/013/i1915e/i1915e00.pdf
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the market (local, export) and the value of the fish, the financial resources available to the
farmer, the species, the culture system and intensity of production. In general, inputs for
low-value species that are grown for local consumption are usually limited to fertilizers,
farm-made feeds or locally produced small-scale commercial feeds comprising one or
more ingredient sources. Examples of these systems would include the Indian major
carps cultured under extensive or semi-intensive conditions in India and Bangladesh
(Ramakrishna, Shipton and Hasan, 2012; Sarder, 2013). In contrast, commercially
manufactured pelleted feed inputs are used for high-value species that are cultured in
intensive systems. Examples would include the salmonids in Europe and the Americas
(Kaushik,2013),and, increasingly, the high-value marinefinfish (e.g. groupers,barramundi
and snappers) that are increasingly produced across southeast Asia (Hasan, 2012a).

Rising competition for land and water resources is increasing pressures to improve
productively through intensification. A move towards intensification of farming systems
requires the adoption nutritionally complete feeds and is increasing the demand for
both farm-made and commercially produced feeds (De Silva and Hasan, 2007; Rana,
Siriwardena and Hasan, 2009). The case studies revealed this gradual shift towards
intensification. For example in Egypt, the intensification of pond culture practices for
Nile tilapia (Oreochromis niloticus) and the adoption of intensive cage culture technology
have manifested as increased demand for commercially manufactured feeds, which now
account for 60 percent and 100 percent of the feed used in these sectors respectively. This
increase in demand has seen commercial feed manufacturing capacity in the country
grow from 20 000 tonnes/annum in 1999 to 420 000 tonnes/annum in 2010 (El-Sayed,
2013). Likewise, a move towards intensification in black tiger shrimp (Penaeus monodon)
production in India (Ramaswamy Mohan and Metian, 2013), Nile tilapia (Oreochromis
niloticus) in the Philippines (Romana-Eguia, Laron and Catacutan, 2013), and striped
catfish (Pangasianodon hypophthalmus) in Viet Nam (Nguyen, 2013) have also resulted
in increases in the demand for commercially manufactured feeds.

Commercially manufactured feeds were reported to be available in all eight
countries (Bangladesh, China, Egypt, Ghana, India, the Philippines, Thailand, and
Viet Nam) where case studies were conducted and, with the exception of Ghana, all the
countries reported commercial manufacturing capacity. Hecht (2007) noted that locally
produced commercially manufactured feeds were only available in five sub-Saharan
countries indicating that, in contrast with other producer regions (Europe, Asia and the
Americas), sub-Saharan Africa generally lacks access to locally manufacturing capacity,
and primarily relies on farm-made feeds or imported commercially produced feeds.

While commercially manufactured feeds are usually formulated to satisfy the
nutritional requirements of specific species and their life stages, farm-made feeds
typically comprise simple ingredients that, depending on the culture systems, are
fed as simple mixtures, doughs or compressed pellets. While the quality of the farm-
made feeds is dependent upon the formulation applied, the quality and availability
of ingredients and the manufacturing processes, they are generally more affordable
than commercially manufactured feeds, and remain the primary feed source for many
semi-intensive farmers. For resource poor farmers, the relatively low cost of farm-
made feeds enable them to procure small amounts of feed at any one time, promoting
affordability and enabling them to better manage their on-farm cash flows.

The intensification of farming systems and the concomitant growth in demand
for good quality, cost-effective farm-made feeds makes them increasingly important
to sustaining sectorial growth, and it has been noted that one of the ways to improve
aquaculture production is to improve the quality of farm-made feeds (De Silva and
Davy, 1992; De Silva and Hasan, 2007).

Some production sectors have already seen significant improvements to the quality
of farm-made feeds. For example, farmers in Viet Nam that use farm-made feeds for
striped catfish production have improved their feed formulations and manufacturing



