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Abstract

A STRATEGY FOR ESTABLISHING DIAGNOSTIC AND RELATED SERVICES TO DAIRY FARMERS
IN DEVELOPING COUNTRIES BASED ON RADIOIMMUNOASSAY OF PROGESTERONE IN MILK.

The radioimmunoassay (RIA) for progesterone in milk samples collected from cattle has been used for
monitoring ovarian activity, diagnosis of pregnancy and non-pregnancy, assessment of the accuracy of oestrus
detection and for surveying efficiency of artificial insemination services. The establishment of a service to dairy
farmers in developing countries based on this technique has not been previously reported but there are clear
potential benefits in such a service. A strategy was therefore developed for the establishment of diagnostic and
related services to dairy farmers in Morocco on a pilot basis, using RIA of progesterone in milk for possible
adoption as a model for other developing countries.

1. INTRODUCTION

Radioimmunoassay (RIA) of progesterone in milk has been used extensively for investigations
of reproductive processes in cattle in many countries [1 to 20]. In developing countries monitoring
ovarian activity, diagnosing non-pregnancy and pregnancy, assessing the accuracy of oestrus
detection, surveying the efficiency of Artificial Insemination (AI) services, and studying the
effectiveness of interventions such as feed supplements [21, 22] are amongst the recent uses of
assaying progesterone in milk.

Well developed, cost effective veterinary and AI services and a high level of farmer education
combine in many developed countries to provide a system for monitoring ovarian activity and oestrus
postpartum and the diagnosis of pregnancy, non-pregnancy and infertility. In developing countries,
especially where there are small farms with poor communication and accessibility, such support
activities related to herd reproduction are often unavailable or too expensive. To alleviate poverty and
to increase productivity on small farms it is essential to improve the efficiency of livestock
production. An RIA service for milk progesterone has potential for providing information to farmers
in developing countries about the reproductive events in their herds as a basis for improving
reproductive management and thereby the efficiency of production.

In Germany [12], Finland [11] and France [8, 23] such services have been established. No
references have been found describing similar services in developing countries.

The results obtained under a Co-ordinated Research Project of the Joint FAO/IAEA Division of
the International Atomic Energy Agency (IAEA), Vienna, conducted in 14 Asian and Latin American
countries [this publication] have shown the value of the progesterone assay in monitoring AI services
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and identifying lapses in reproductive management by smallholder farmers in developing countries.
The IAEA is therefore initiating programmes for introduction of this technology as a service to
farmers, through a regional approach under the framework of its Technical Co-operation programme.
In Africa, Morocco was selected as a starting point for the development of an appropriate model
which could be followed also by other countries. Prerequisites for such services were considered to be
the presence of a well-organised and sustainable AI service and a willingness on the part of
Government and the industry to support the new initiative. These conditions were met in Morocco,
which was chosen for an initial trial and as a model for African countries. RIA of progesterone in milk
had also been used previously in Morocco for some investigation work [24, 25, 26].

The objective of the present work was to develop a strategy for establishing a service to farmers
in Morocco based on the RIA of progesterone in milk samples.

2. METHODS

Initially, a planning meeting was organized by the IAEA in Rabat (Perera), at which staff of the
Ministry of Agriculture (Manar) and the National Association of Cattle Breeders participated,
together with livestock personnel from four selected African countries. Following site visits to the
main AI centres and discussions, a project plan was developed for support by IAEA under the
framework of the Regional Co-operative Agreement for Africa (AFRA), during 1999-2000. The
major part of the work was conducted during the planning meeting, meetings with officials and
inspection of AI facilities in Morocco (Perera, Manar). Thereafter, a two-week expert mission was
carried out in Morocco in December 1998 (Galloway, Manar), followed by a two-day discussion
session at the IAEA headquarters in Vienna (Galloway, Perera).

Observation, interview, discussion and the review of Government documentation were used to
assess the status of the cattle industry and AI, to define the constraints to further development of cattle
production and AI services and to determine willingness of government and industry to establish and
sustain a service. The functions of AI centres and technicians were assessed against documented good
practice [27-41] and experience of it. Cost effectiveness could not be evaluated until more
preliminary work was carried out. This aspect was therefore dealt with by proposing it as part of a
research project (Section 3.2.4.7.)

3. RESULTS AND STRATEGY

3.1. Assessment

3.1.1. The cattle industry in Morocco
Milk production has been the first priority with the objective of making the country self

sufficient in dairy produce. The programme of development set out by the Ministry of Agriculture and
Rural and Maritime Industry Development has included import of improved breeds, improvement of
forage crops, disease control, marketing and the support and encouragement of professional
organisations within the industry. The programme aims at an increase in milk production of 6.3% per
annum (present rate 2.3%) to meet the estimated demand of 3.8 million tonnes in 2020. The
proportion of cattle of improved pure dairy breeds (Pie Noire, Holstein) and their crosses increased
from 10% of the population in 1970 to 37% in 1996. The aim is to increase this to 70%, principally
through AI.

The Ministry of Agriculture provides services to the industry in the areas of health and hygiene,
animal breeding, management and production through regional Ministry offices (ORMVA, Offices
Regionaux de Mise en Valeur Agricole). There is a progressive policy of transferring AI services and
responsibility for milk recording and milk quality control to the private sector in the form of the
strong and active co-operative organisations, specifically the National Association of Cattle Breeders
(ANEB, Association Nationale des Eleveurs de Bovins Races Pures, created in 1990) and the milk co-
operatives. Eighty five percent of farms are small with 3 - 4 cows. These plus larger farms of around
20 cows are organised to deliver milk to collection centres which serve 30 to 70 farms each. The
centres are managed in a co-operative system which sell milk to the milk factories. This system
provided the infrastructure necessary for the development of AI.
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3.1.2. AI services in Morocco
There are two AI centres in Morocco, Ain Jemaa established in 1968, and Fouarat established

in 1976. Both produce and dispatch frozen semen to areas throughout Morocco and train
inseminators. They import animals from Europe and semen from Canada and Europe and have begun
to undertake progeny testing locally. They also have training courses for young farmers.

At the provincial level the Centres are supported by regional sub-centres for AI, supervised by
the Provincial Livestock Services (DPA, Services d'Elevage des Directions Provinciales
d'Agriculture) and the ORMVA as well as the milk co-operatives and the ANEB organisation. ANEB
has now created 16 regions, each with a regional office and encompassing a total of 64 AI circuits of
approximately 100 km in length and a minimum of 2000 cows eligible for insemination. An
insemination technician travels the circuit each day equipped with a vehicle, liquid nitrogen tank and
insemination equipment. Farms close to the roads of the circuit are visited. Many farmers bring their
cows on foot to the roadside to meet the inseminator. These circuits are termed the "mobile circuits"
(Postes Mobiles). Approximately 10% of the total services are provided at "fixed stations" (Postes
Fixes) where the inseminator is stationary and to which farmers bring their animals.

In 1996 ANEB and the milk co-operatives had taken the responsibility for 85% of the AI
circuits. In 1997 the number of inseminations carried out was 128 000 which is a three fold increase
since 1990 when privatisation began. They provide assistance and services to farmers in genetic
improvement, AI, nutrition, administration and record keeping. ANEB is very active and with the co-
operation of the Government it is gradually taking over the responsibility for a number of service
areas in the dairy industry. Recently some ANEB regional associations have begun to establish
laboratories for milk quality control.

The results of AI were difficult to determine. Estimates from the available records suggest that
calving interval is 410 days and the services per conception index are 2.4. These figures probably
represent the better and bigger farms which have contributed most to the records. Overall estimates
await improvement of record keeping and analysis of records.

Similarly, nutrition, management, especially heat detection and infectious disease will certainly
be contributing to poor reproductive efficiency to AI on farms but their relative contribution is not
clear at present. Private veterinary services are expensive and not readily available, especially to the
small farmers and the involvement of private veterinarians in routine reproductive efficiency control
appears to be minimal.

3.1.3. The AI Centres and insemination technicians
The AI centres had a high standard of professional and technical competence and management

(Fig.l). Minor criticism could be made concerning the handling of bulls before and at service. The
main area requiring improvement was in the exploitation of data collected from the centres, the
farmers and the AI technicians for the benefit of the industry.

The AI technicians were impressive with a very high standard of technical competence and
conscientiousness for maintaining a high standard and a high conception rate (Fig.2). Some, but not
all technicians have telephones at home, none have mobile phones. In any case relatively few small
farmers have telephones.

The inseminators relate to the farmer community very well. They attend regular refresher
courses. Their main problems are in assisting the farmer with detection of oestrus, early repeat
inseminations, early pregnancy diagnosis, and offering advice about how to improve reproductive
efficiency under the environmental and economic circumstances prevailing. Too many cows had lost
ear tags. Too many cows were in condition score of 2.5 or lower (0-5 scale). Some records arriving at
the ANEB centre were not legible.

3.1.4. Constraints to improvement and development
The constraints to the development of the dairy industry and to AI services were associated

with identification of cattle, reliability of data, education of farmers, nutrition and disease control,
availability of finance for improvements in management and nutrition, especially for small farmers,
transport and communication and lower than desirable membership of co-operatives. These are
widespread problems in developing countries and some activities of both Government and co-
operatives are directed towards improvement in Morocco.
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The other main constraint was the difficulty in using the present data collection and analysis
system to obtain a meaningful basis for planning improvements and innovations. Improved definition
of inefficiencies at the cow, herd, farmer, inseminator, bull and centre levels is needed. The
information about AI is good as far as it goes. But it is insufficient and difficult to exploit for the
benefit of the centres, the AI technicians and the farmers (Figs.l and 2).

3.2. Strategy

The strategy is set out in terms of the recommendations that were made for the project.

3.2.1 Objective of the service
This was defined as the provision of a cost effective RIA service on milk samples to farmers to

give them information about AI timing, cyclicity, non-pregnancy and pregnancy. The main
components of the service were considered to be equipment and training, identification of cows,
collection of milk samples, labelling, preservation and transport of samples, washing and re-use of
sample tubes, routine RIA, feedback to farmers of results and their interpretation, follow up with
professional advice and assistance, and transfer of financial support from research and development
funds to a sustainable, user-pays system.

3.2.2. National AI Development Committee and staffing
It was considered necessary that a National AI Development Committee (NAEDC) be formed,

to be responsible for the implementation and monitoring of the project in Morocco and for later
activities associated with the wider AFRA project. Composition of the committee was proposed as
follows: Chairman, Head of the Ministry for Agriculture, Co-Chairman, the official responsible for AI
in ANEB (CANEB), AI co-ordinator (AIC) from the Ministry of Agriculture, the two heads of the AI
Centres, and the Head of the RIA laboratory and professor in animal reproduction at the University.
Essential staff for implementing the project were considered to be (a) two people to plan and
implement the project and to take part in training programmes (CANEB and AIC), (b) the heads of
each AI centre and one deputy each, a technical person at each centre responsible for the day to day
running of the service, (c) two field veterinarians familiar with AI centres, AI circuits and farms to
advise on extension and training and provide clinical backup services, (d) two people from outlying
centres likely to be involved in running laboratories in the future, (e) two AI technicians to be
involved in training others in all aspects of the project, and (f) the professor from the University
School of Agriculture and Veterinary Science responsible for research projects and some training and
his technical assistant competent in RIA.

3.2.3. Establishing the laboratories and equipment
The existing laboratory spaces at the two AI centres were examined and the refurbishments

necessary for them to function as RIA laboratories were identified. Equipment and disposable
materials were to be obtained where possible, from local suppliers and with service contracts for
major items. The major equipment included the Gamma counter with on line data processing using a
computer which also had the capacity to run a database application for field and laboratory data
analysis, a refrigerated centrifuge, a refrigerator with freezer, an analytical balance and a radioactive
contamination detector. Other items included laboratory instruments such as micropipettes, hand-held
repeater pipette multi dispenser unit, magnetic starrer, vortex mixer, pH meter and foam decantation
racks. Sample tubes, ear tags and ear tag applicators, labels and forms for data collection were to be
obtained locally.
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FIG. 1. Assessment of Artificial Insemination Centres at Ain Jemaa and Fouarat in Morocco
Scoring system: Poor = 0, Fair = +, Good = ++, Very Good = +++.

Reasons for not scoring +++: Bulls, handling before and during collection - halter and nose ring is preferred; early and
continuous training helps control of bulls; more sexual preparation and stimulation before collection is preferred; Exploiting
Records and results - analysis of records was only undertaken to know how many AI were carried out; problems of obtaining
reliable results from many farms and low level of veterinary control of reproductive efficiency prevent analysis of heat
detection efficiency, and performance of individual cows, herds, inseminators, semen batches and bulls, embryonic death,
abortion, still births and normal births.
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FIG.2 Assessment of artificial insemination technicians and procedures in AI circuits of
Doukkala and Settat, Morocco

Scoring system: Poor = 0, Fair = +, Good = ++, Very Good = +++.
Reasons for not scoring +++: Heat detection, and timing ofAI could not be thoroughly assessed since cows were presented at
the roadside for AI (Circuit Doukkala) on the basis of mucus appearance and accepted after inspection of the vulva by the
technician. There was considerable confidence in this system but there was no way of checking its efficiency. A positive
feature was the good extension service and the training courses that are held in Morocco for young farmers. These would be
having a beneficial effect on the efficiency of AI. Results and exploitation of results. Record keeping was meticulous as far as
it could be. Too many cows had lost ear tags. Cows were not always brought back for pregnancy diagnosis and when they
were it was generally between 3 and 5 months after AI. Detailed, reliable and early results of AI were not sufficiently
available to the inseminator to form the basis of interventions.
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3.2.4. Establishing the service to farmers

3.2.4.1. Exploratory work and development of techniques
There were facilities and expertise already in Morocco to begin immediately to collect some

milk samples and assay them for progesterone. This activity was to be based at the AI centres with
progesterone being assayed at the central University RIA laboratory. It was recommended that the
team of people responsible for undertaking the work and for training others, start immediately to
explore ways of collecting samples, labelling, washing and re-use of sample tubes, transport, assaying
and providing feedback to farmers. It was to be understood by inseminators and farmers that this is a
phase for developing techniques and their co-operation should be sought on that basis. Farmers for
example in the Doukkala co-operative were keen to participate. This exploratory work could be
planned as a mini-trial and survey as a forerunner to the next step.

3.2.4.2. Trial and survey based on three milk samples
It was recommended that an initial survey be planned to obtain complete data on at least 500

cows at each AI centre based on three milk samples and where possible clinical follow up. The milk
samples should be collected on day 0 (day of insemination), day 10-12 and day 22-24.

3.2.4.3. Diagnosis of non-pregnancy based on one or two milk samples
Starting at the same time as the survey it was considered appropriate to offer farmers a trial

service for diagnosis of non-pregnancy on a cost-free basis for one year. The service could be based
on one sample of milk submitted at day 22—24 after AI. It is preferable and adds information if the AI
technician takes a sample from the cow at the time of AI and the result is based on the two samples.
Milk samples would be accepted from cows with a record of AI 22-24 days previously and which
were clearly labelled with the cow's identification, the date of AI and the date of sampling.

3.2.4.4. Pilot project for outlying centres
It was recommended that activities specified in 3.2.4.2.and 3.2.4.3. be initiated also at one

outlying centre (Doukkala), to demonstrate the cost effectiveness and sustainability of a service to
farmers. This is likely to be able to start in the second year of the programme and would be of benefit
by the experience gained in the first year. The aim is to charge the farmers for the service from the
outset, with perhaps some incentive for small farmers to participate.

3.2.4.5. Long-term development
Other outlying centres should adopt the progesterone assay service to farmers when its cost

effectiveness has been demonstrated and as numbers of samples increase to the point where the two
AI centres and the single regional centre can no longer cope with them.

3.2.4.6. Training
Specific training activities needed in support of the project were identified as scientific visits to

France for the AIC and CANEB and the heads of the two AI Centres to study the use of the RIA as a
service to farmers, and a training course for the four technical people selected to be responsible for
the assay and the service at the two AI centres. Ideally the latter would have three components: i)
training at the University in all aspects of RIA and the use and care of equipment; ii) training under
supervision at the AI centres using the new equipment as soon as it is installed; iii) the National
Training Workshop recommended below.

It was recommended that a National Training Workshop on "Establishing a sustainable service
to farmers for diagnosis of non-pregnancy and infertility in dairy cattle" be held. All staff, some of
them functioning as instructors, and others including farmer representatives and AI technician
representatives should be involved. The workshop should live up to its name and not be seen as a
lecture forum for "experts" to tell people how to do things or expound on irrelevant topics. The
Committee should plan a draft schedule for the workshop to be modified in the light of experience.
Contributors should be drawn as far as possible from Moroccan sources. This will give experience to
people who will later be involved in similar workshops in the AFRA programme.
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Subjects suggested for the workshop included physiology of reproduction, the constraints to AI
development listed in 3.1.4. and each step in the process from proper collection of the milk samples to
the mechanism of feedback of results and interpretation to farmers. Discussion of research priorities
and postgraduate training in the context of the service was considered important.

As a general policy, it was considered appropriate that AI technicians be given training in all
aspects of the project in their regular refresher courses, and that training courses for farmers be held
regularly at the AI centres introducing them to the assay service and giving emphasis to the
importance of identification, good records, oestrus detection, the meaning of assay results and the
implication of early non-pregnancy diagnosis, in terms of management. Such training of farmers and
AI technicians should begin immediately, be under the initiative of local counterparts and organised
and conducted by them using local resources.

3.2.4.7. Research
The project provides a useful vehicle for postgraduate research and training. Important areas

include assessing reproductive wastage in the AI Centres and circuits through the survey and
assessing the economic cost/benefit ratio of the assay service under Moroccan conditions. Disease
control using the infrastructure of the project as a basis could also be the subject of a postgraduate
research project.

3.2.5. Addressing constraints to improvement and development
When AI was originally introduced in many countries, it resulted in a new phase of education

of farmers, a new interest in record keeping and better management as a result of the better animals
being produced and the perceived benefits in looking after them. The project should be used as a
similar stimulus for improvement.

The project provides the opportunity to introduce new ear tags for cows if they have not already
got yellow plastic ear tags. It was recommended that all cows in the survey as well as all cows
submitted for milk sampling and pregnancy diagnosis should be tagged in this way. The idea was to
build confidence in a standardised method of identification associated with the project.

Farmer and AI technician education associated with the project could emphasise the importance
of standardised and accurate identification and the need for clear legible records and certificates,
thereby building confidence in the method. Cows entering the survey and being identified for that
purpose could form a nucleus for testing for infectious diseases, especially Brucellosis and
Tuberculosis.

The idea of providing incentives to farmers to submit cows and milk samples properly labelled
and at the correct time is attractive. Pregnancy diagnosis at no extra charge than previously was
recommended for the first year. The co-operatives could consider a points system for discounts on
feed supplements or services supplied by them. A calving to conception interval below 100 days could
be rewarded in a similar manner, for example with discounted concentrates for the cow as she
approaches the next calving. These initiatives would also make membership of the co-operatives
attractive to farmers.

4. DISCUSSION

4.1. Assessment

The rationale for this project arose from the findings from an FAO/LAEA Co-ordinated
Research Project where 14 participants in Asia and Latin America used the progesterone assay as a
tool to monitor AI services provided to smallholder dairy farmers and thereby identify the causes for
low reproductive efficiency. In order to develop a strategy for using this technique to provide a
diagnostic service to farmers, Morocco was selected by IAEA as an ideal country in which to conduct
a pilot project, which could be used to establish a progesterone assay service to farmers as a model for
other African states. The co-operative system was well developed and progressive privatisation has
helped secure the sustainability of AI and will continue to do so. Morocco has a strong incentive to
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improve efficiency in the cattle industry because of imminent trade liberalisation with the European
Economic Community in 2000.

The reasons for selecting Morocco included the presence of a well-organised and successful AI
programme with good infrastructure, training programmes and support from industry and
Government. AI technology was of a high standard. Minor improvements only could be suggested, but
it was considered important that the project be used to improve and develop recording and analysis of
results and their exploitation for improvement in reproductive efficiency.

4.2. Strategy

The composition of the NAIDC was designed to co-ordinate the roles of the Co-operatives and
the Government and to ensure that their joint efforts in improving the dairy industry continues. It was
considered important that representatives of these bodies have advice available on the Committee
from each aspect and level of the project.

Under-used laboratory space was available in the locations proposed for RIA laboratories.
Hence refurbishment rather than construction could be recommended. Equipment for the RIA is
standard, but three aspects were considered important. The first was to incorporate service contracts
into the purchase price where possible. The second was to obtain items locally when feasible to
ensure a back up service and to retain as much of the economic input within the country as possible.
The third was that adequate training on the use of equipment be provided to more than one person at
each location (3.2.4.6.).

The way to gain experience and identify difficulties in a new system with new techniques is to
start doing it: hence the recommendation for exploratory work to begin immediately. Trials with new
equipment should start as soon as it is installed. In this way the National Training Workshop
recommended in section 3.2.4.6. would be given more of a focus and be made very relevant, dealing
with real difficulties already encountered under Moroccan conditions.

The trial and survey has been an important first step in experimental work in other countries
[22] and is recommended for all AFRA states. Starting in this way enables considerable information
about pregnancy/non-pregnancy and infertility to be accumulated at the outset. It provides a means by
which the assay service can be established and monitored, and problems can be identified and
corrected.

Diagnosis of non-pregnancy is highly accurate using the RIA for progesterone at the time of the
next oestrus following AI, e.g. 92.4% [11], 95% [8], 97% [24]. Records of dates are essential for
interpretation. In Morocco farmers depend very much on the AI technicians for advice and assistance.
It was considered important to train inseminators in all aspects of the project to assist them in this
work. The two veterinarians proposed for the NAIDC would be involved in developing the way in
which results were interpreted and a strategy for a back up advisory service to farmers. The heads of
the two AI centres, also veterinarians, would need to be involved in these aspects as well as in training
others in all aspects of the project. How to handle equivocal results under routine service conditions is
an important aspect. For the service to be effective in improving reproductive efficiency it is
important that the farmer receives the result within two weeks. It is also important that the farmers are
educated in the significance of negative, positive and doubtful results and the managerial activities
that should follow each possibility. If necessary, educated and co-operative farmers could be selected
to take part initially. But the system must be made user friendly for the uneducated small farmer.

Some co-operatives in the ANEB organisation were keen to introduce the service to members
and a pilot project for one of the co-operatives was proposed. This was the most appropriate place for
a research project to establish the economics of the service under Moroccan conditions.

Adequate training for all concerned in the project was considered essential. Apart from formal
training, the workshop proposed could have sessions devoted to short reports of "progress and
problems" in the exploratory phase (3.2.4.1.) by the people engaged in the work.

The use of RIA will certainly not solve all the problems of AI but it can be used as a vehicle to
introduce remedial measures. Proper identification of cows and good record keeping are important
elements in making the AI service work and must be addressed. A gamma counter with on line data
processing and AI data analysis capacity would provide the means to collate AI records and to exploit
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them to improve reproductive efficiency. The training programmes recommended will have benefits
beyond the immediate project. Disease control projects could be implemented using the infrastructure
of the project.

One of the most valuable assets in developing countries are young graduates interested in
undertaking postgraduate training in the agricultural industries. Aspects of the project should be made
vehicles for postgraduate training to Masters and Doctorate levels. Funds for training may be more
readily available than funds for research projects for established staff of universities, Government and
co-operatives. Other international and bilateral donors should be sought for such support.

Reasons for difficulty or failure in implementing the project must include the motivational
factors that lead to development and change in a community. Consideration needs to be given to the
social template, identity and status [41]. Benefits must be evident to individuals and groups involved.
Where an important component of the social template is economic then the most obvious benefit is a
financial one. Where improved productivity and increased profit over additional costs are clearly
present farmers are likely to adopt a new procedure. Other benefits are concerned with identity and
status of individuals associated with the project. Many people involved, especially employees of
organisations may not gain economically from the new scheme. Hence it is necessary for individuals
to be motivated by a demonstrable increase in status and upgrading of identity within the organisation
and the community. This in part is achieved in improvement in job satisfaction, knowledge of
involvement in something new and worthwhile. The respect from others is another component. This
suggests that such a project has to be "sold" to the community in terms of its tangible and intangible
benefits and the community must take it over, own it and drive it forward.
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