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Generally speaking, from time immemorial breeding and cross-breeding
of yaks have been practised with two main goals:

1) To have a type of improved or cross-bred animal which suits the harsh
climate. With the expansion of yak from the original area, pure-breeding
and cross-breeding began to be practised. For example, in order to suit
the environments in mountainous regions, such as apparently vertical
difference (steep gradients), diverse foodstuff (different herbaceous
plants and feedings in different seasons), transhumance systems and
inaccessibility, the ‘Jiulong breed’ was selected around the Jiulong
County which is called ‘valley type’. In the north-western Sichuan the
plateau has many morasses or semi-boggy areas, hill-shaped highlands
with gentle slopes and broad valleys present in an open kind of
topography. A little higher precipitation and humidity make the alpine
and subalpine meadows predominated by dense grasses and sedges.
Due to the open topography, the seasonal migration of nomads is more
horizontal and yak tends to migrate freely. Bulls (even wild yak bulls
at the beginning of this century) move from one area to another and
mate with individual cows or even whole herds in neighbouring areas.
In geo-ecological background and nomadic conditions, the ‘Maiwa
breed’ (plateau type) was selected.

2) To enhance the productivity of yak to meet the subsistent or marketing
requirements. Owing to the difference of life-style, the purposes of
breeding or cross-breeding are varied in different groups of pastoralists.
For example, the yaks of the Maiwa breed are of relatively good milking
capacity with high butterfat content of milk. These yaks are clearly
multipurpose, being mainly used for milk and meat. On the contrary,
the yaks of the Jiulong breed have good productivity in meat and hair
and have been selected with meat, hair and draught in mind (Table 1).
Presently, marketing requirements always dominate the objectives of
breeding or cross-breeding. In the last few decades, owing to its big
body size, high productivity and ideal adaptability to the mountain
environment, the Jiulong Yak has been introduced to many yak-raising
regions, such as Yunnan, TAR, Gansu and Qinghai, for
straight-breeding or cross-breeding.

In the regions where yak products are in great demand and sought after
in the market place, it seems that herdsmen have acquired both the
knowledge and skill to improve production traits. In Sichuan the
indigenous knowledge of traditional yak breeding can be found popularly
in pastoral societies, but most of them have not been described
systematically. The system of selection in Jiulong is an exception, which
has been sifted out and discussed in some literature (Cai, 1989; 1992; Cai
and Wiener, 1995; Wu, 1998). Here only the traditional selection procedure
used by herdsmen in the Jiulong area is reviewed briefly.

Breeding goals
and traits included

Approaches
adopted for breed
selections
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1) Selection of male yak (bull)
In the Jiulong area, the choice of male yak is stricter than that of the female.
The guiding principle for the herdsmen is to check the ancestors (parents)
first and the bull second. The criteria of selection are summarised in table 2.

The selection of male yaks (bulls) in the Jiulong area is carried out in three
stages. The first is pre-selection at the age of one-year olds. There is a
second selection from among the first group at the age of two years and a
final selection at the age of three or four years. Culled bulls are castrated
and used for meat or draught purpose.

2) Selection of female yak (cow)
The criteria for female yak are simpler and mainly concentrate on
reproduction. To summarise, the indigenous knowledge of herdsmen, can
be expressed as “three elimination”, namely:

Table 1. Comparison of Typical Traits between Jiulong Yak and Maiwa Yak.

Items Jiulong yak Maiwa yak
Centre of distribution Jiulong, southern Kangding

(including Muli, Yanyuan,
Mianning and Shimian)

Hongyuan, southern
Zoige (including Aba,

Songpan, Nanping and
Zamtang)

No. of heads 50 000 700 000
History of selection 130 years about 100 years
Colour of hair black (most), black-white

(a few)
black (most), as well as

black-white, grey, brown
and white

Horn occurring in all yak occurring in most yak
Body weight (kg) 400 - 700 (M);

200 - 400 (F)*
300 - 500 (M);
150 - 350 (F)

Height (cm) 130 - 140 (M);
110 - 120 (F)

120 - 130 (M);
100 - 110 (F)

Selecting purpose meat, milk and hair milk and meat
Dressing percentage (%) 50 – 60 50 - 60
Dressed carcass (%) 40 – 50 40 - 50
Milk yield during lactation
(kg)

200 – 500 200 - 400

Butter-fat content (%) 5 – 8 6 -7
Hair yield (kg) 13 - 20 (M); 1 - 3 (F) 2 - 12 (M); 1 - 3 (F)
Packing capacity (kg) 60 - 75 ** 70 - 100
Travelling distance with
burden (km)

20 - 25 30

Source: Cai, 1990.
Note:   * M = male yak; F = female yak.
** This number was measured with castrated yak (bullock).
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• eliminating the female yaks when they reach the age that should give
the first-birth (four to five years old), but no calves are born;

• eliminating the barren or non-pregnant female yaks through three to
four years;

• eliminating the female yaks that have not enough maternal instinct to
look after the growth of their babies.

Table 2. Traditional criteria for the selection of Jiulong yak.

Ancestors (parents) Bulls (themselves)
Female (mother) Male (father)

• high milk
yield;

• good
conformation

• (big body);
• tame and

gentle;
• given birth

twice to
• calves

• rich and thick
hair;

• numerous
descendants

• rough bases of horns and long
distances

• between them;
• horns stretching outwards and

widely;
• broad forehead, muzzle and mouth;
• thin and long lips;
• thick neck, high withers and wide

brisket;
• wide and flat back, loin and rump;
• straight forelimbs and curved hind-

legs;
• hairy tail and shrunken scrotum;
• black coat or black with some white

specks
• on the forehead and at the extremities

of the
• body (e.g. legs, tail).

 Source: Cai, 1989; Cai and Wiener, 1995.

The defined purposes of selection in China aim at accelerating the speed
of individual maturing and increasing growth rate. Strictly speaking, there
was no systematic selection scheme carried out for yak to date (Cai, 1992).
In order to promote the identification of yak breed, the selection criteria
were drafted out at the end of the 1970s and perfected in the 1980s. In
Sichuan the selection of Jiulong yak is concentrated on meat and hair (or
downhair) and in Maiwa yak milk and beef (Table 3).

Selection criteria
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Whether a pastoral community opts for pure breeding and/or cross-
breeding depends not only on the actual environmental circumstances,
but also on their cultural traditions. It is interesting that the distribution of
the valley-type yak and the Plateau-type yak mirrors the traditional
distribution of the Kham Tibetan and the Amdo Tibetan (Wu, 1998). The
central area of Jiulong yak distribution has for many centuries been the
homeland of the Kham Tibetan people. Traditionally, they chose pure
breeding as the main method for selection and even today cross-breeding
is rarely practised. This has to do with the topography of the area: high
mountains with deeply incised valleys restrict the exchange of yaks. Only
in the adjacent area where the altitude is lower and cultivated fields spread,
some hybrids between yak and cattle (“Pian Niu’ in Chinese), making up
ten percent of total heads of yak herd, can be found which are cross-bred
with the purpose of draught.

The region of the plateau-type yak distribution is inhabited by Amdo
Tibetan who are thought to be the descendants of the ancient Qiang people
of northern China. Owing to its geographical accessibility, cross-border
exchange or trading of yaks existed not only in the Amdo area itself but
also between different ethnic groups. Moreover, bulls for breeding could
easily be introduced from the adjacent areas suitable for crop cultivation.

Table 3.  Selection criteria for Jiulong yak and Maiwa yak in Sichuan.

Items
Jiulong yak

(Valley type)
Maiwa yak

(Plateau
type)

Purpose Meat and
milk

Meat and
hair

Meat and
milk

Height (cm) 125 – 145 120 - 135 120 - 140
Body size Length (cm) 140 – 170 140 - 170
(cm) Heart girth (cm) 190 – 225 200 - 230

New birth 18 – 20 18 - 20
Body
weight

180 days (stop
suckling)

100 – 120 100 - 120 115

(kg) 1.5 years old 200 – 250 210 -260 135 - 155
Adult 350 – 600 370 - 630 350 - 600
Dressing percentage above 58 % above 60 % 60 %

Productive Dressed carcass (%) 50
properties Milk yield (kg) above 1 000 above 1 000 306*

Butter-fat
content (%)

6.2 6.0 above 6.5

Hair yield (kg) 1.5 - 2.0 4 - 12 2 - 3
Source: Cai, 1992.
Note: milking once a day for 153 days.
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The historical migration of nomadic tribes, including the Qiang, Tibetan
and Mongolians, also introduced new yak breeds and promoted genetic
exchanges (Wu, 1999). As a result, it is cross-breeding which is most often
practised in this Region and hybrids are very common. In Zoige County,
for example, the hybrids represent 20-30 percent of total head of yaks.
Even so, in the original home of the Maiwa breed, the number of hybrids
is still kept below six percent and straight-breeding is the principle mean
for yak improvement.

The traditional selection methods for breeding appear to have produced,
over a period of many centuries, an improved breed of yak which is highly
regarded (Cai and Wiener, 1995). However, the development of
pastoralism would need to encourage the herdsmen to pay more attention
to the productive characteristics of yaks. In Sichuan the strengthening of
yak productive potential usually entails genetic up-grading of indigenous
breeds with high yielding exotic stock.

In the yak-raising area, the cross-breeding between yak and cattle (Bos
taurus) can be dated back historically to at least 3 000 years ago, when
Qiang people adopted these methods to reproduce ‘Pian Niu’ (including
‘Dzo’ and ‘Dzomo’). With the development of cultivation in the adjacent
mountainous regions, the cross-breeding was increased and a wealth of
experience accumulated. Through numerous tests and practices, the cross-
breeding between cattle bull and yak cow is identified as the ideal method
by herdsmen. Meanwhile, it is also found that male sterility exists within
the hybrids (F1), but the female hybrids (Dzomo) are able to reproduce. In
Aba Prefecture cross-breeding is only carried out for two generations. The
F1 animals are called ‘Pian Niu’ and F2 ‘Za Niu’. The F2 can be further
divided into two kinds: ‘Mao Za’, the progeny between male yak and
Dzomo; ‘Huang Za’, the progeny between male cattle and Dzomo.

In the last three decades many improvement schemes have been used to
improve breeds of cattle of dairy, beef and/or dual-purpose type. The
work has been facilitated with the introduction of artificial insemination
(AI) and the use of frozen semen. The name given to the first cross between
yak and exotic breed is ‘Improved Pian Niu’. Viewing the improvement
activities in yak cross-breeding, the results that have been obtained in
Sichuan and the opportunities created for improvement are described as
follows:

1) Eliminating backcrosses ‘Za Niu’. This is a traditional method to
maintain the development of stock. Only the F1 animals (‘Pian Niu’)
are used for production (for example, not for breeding), and all of their
progenies (‘Za Niu’) are eliminated. This practice aims at harvesting
all milk from the F1 cross-breed (Dzomo in Tibetan), strengthening the
availability of hybrid vigour and preventing the degradation of hybrid

Brief history of
cross-breeding
plan
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quality. The problem of this practice is that it is not appropriate for the
poor herdsmen who only own a small stock of animals and thus refuse
to cull out any backcrosses.

2) Culling out ‘Huang Za’ (progenies of backcrosses with cattle) and
developing ‘Mao Za’ (progenies of backcrosses with yaks). In order to
restore and develop the yak husbandry, in the 1950s and 1960s the
Government encouraged pastoralists to adopt this method instead of
killing all of the backcrosses. This plan was based on the fact that the
progenies of backcrosses with yaks can keep the productivity of yak
better than that of the progenies of backcrosses with cattle and the
hybrid vigour degrades more slowly. This improvement activity
stimulated the development of yak husbandry in Sichuan and the
hybridisation and utilisation of hybrid vigour made further progress.
Until the middle of the 1970s the number of yaks (including cross-
bred progenies) in Sichuan increased from 1.34 in 1950 to 2.7 million in
1974. This strategy was accepted and widely adopted in the north-
western plateau where there is a tradition for hybridisation. It should
be mentioned that this method is also combined with the selection
and culling of F2 hybrids in order to control their proportion in stock.
Only the strong progenies of backcrosses with yaks are kept for draught
and also culled out when they are old. The yak bulls for cross-breeding
are also used for straight-breeding in yak stock. The progenies of
backcrosses with yaks are mainly used for draught or trading with
farmers, the number is very limited in such a high altitude area. Pure
breeding is still the main method for herders.

3) Introducing improved cattle breeds (bulls) and cross-breeding with
yak. In order to further utilise the hybrid vigour, it is necessary to
remove the defects of local cattle and increase the economic return of
hybridisation. In the 1960s eight breeds of cattle, such as Simmental,
Holstein Friesian, Charolais, Hereford and Shorthorn, were introduced.
They were raised in some pastoral counties, such as Zoige, Aba,
Hongyuan and Sertar, and further crossed with yak. In this way some
F1 hybrids (‘Improved Cross-breeds’, ‘Pian Niu” in Chinese) were
obtained, whose properties were apparently better than those of local
cross-breeds (‘Pian Niu’ in Chinese) (Table 4). Even so, however, the
actual socio-economic benefits were not as high as it was hoped because
the introduced cattle breeds could not adapt totally to the high-altitude
conditions and nomadic grazing systems and lost their mating ability
gradually. In Sichuan there were no more than 1 000 cross-bred
progenies of the introduced improved sire (bulls) after 20 years and
until the 1970s the ‘Improved Cross-breeds’ obtained this way were
less than 500 head. Finally, the improved sires for cross-breeding
purpose were almost extinct until the end of the 1980s.
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4) First cross-bred generation (“Pian Niu’) for dairy purpose and backcross
(“Za Niu’) for meat purpose. From the beginning of the 1980s this
improvement scheme has been implemented in western Sichuan. Its
purpose was to raise the yield of milk with the cross-breeding between
female yak and improved bulls of dairy types (e.g. Holstein Friesians),
and the yield of meat with the cross-breeding between cross-bred F1
and improved bulls of meat types. In this way all backcrosses were
used for meat purpose which accelerated the turnover of bovine
population. Owing to the increase in milk yield and economic return,
this plan has been disseminated to a certain extent in pastoral areas.
Until 1985 the number of ‘Improved Cross-breed’ for dairy purpose in
this plan was about 3 000 head (Cai, 1989). However, it should be
mentioned that this work was facilitated by the introduction of AI.
The use of AI is and has been inevitably restricted to more accessible
areas. Moreover, the expense to herdsmen, of using AI or having bulls
of the improved breeds of cattle (as well as their poor survival) means
that, except in a few localities, this plan cannot be carried out effectively
without relatively high input from governments or development
agencies. So far no herdsmen in case study areas have engaged in this
practice with their own investment.

With the privatisation of rangeland in the 1990s, an integrated development
programme was initiated. Combined with the infrastructural construction,
such as the construction of settlements for nomads, sheds for animals and

Table 4. Comparison of the properties among Yak, ‘Local Cross-breed’ and ‘Improved Cross-breed’.

Items Yak
Local cross-breed

Yak (f) × cattle
(m)

Improved
cross-breed

Yak (f) × HF (m)
Height at withers (cm) 109.7 (f); 123.9 (s) 118.3 (f); 128.7 (s) 121.8 (f); 144.0 (s)
Body length (cm) 138.1 (f); 161.5 (s) 148.0 (f); 173.0 (s) 152.3 (f); 178.3 (s)
Heart girth (cm) 160.3 (f); 198.0 (s) 167.9 (f); 197.3 (s) 182.7 (f); 215.6 (s)
Cannon bone
circumference (cm)

16.9 (f); 20.6 (s) 17.0 (f); 20.3 (s) 18.5 (f); 21.3 (s)

Adult weight (kg) 249.0 (f); 443.0 (s) 292.0 (f); 476.6 (s) 356.5 (f); 580.0 (s)
Weight of new-born (kg) 18.7 (7.5 - 27.5) 17.5 22.5 (14.5 - 25.5)
Dressing percentage (%) 53.7 52.7 52.0
Carcass percentage (%) 42.0 40.0 41.0
Daily milk yield during
lactation (kg)

2.0 3.0 8.0

Butter-fat content (%) 6.3 6.0 5.3 - 5.5
Source: 1) CAI, 1989; 2) Annual report of Longri, Hongyuan County.
Note:  f = female; m = male; s = steer (castrated male).
cattle = local cattle; HF = Holstein Friesian or (75 percent HF + 25 percent local cattle).

On-going
cross-breeding
programme
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cultivation of hay meadows, the improvement of yak and increasing the
economic benefits of animal husbandry have also been included in the
framework. After considering the various methods adopted during the
last few decades, a more practicable method was suggested and
implemented. As the improvement of cattle has been largely carried out
in adjacent mountainous farming areas for some years, the F1 male cattle
that are always culled and used only for beef may be used in pastoral
areas for yak improvement. This kind of bull is more adaptable to high
altitude and harsh environment than its present father, on one hand and
on the other hand, has higher potentiality in dairy production than local
cattle did. Furthermore, in this way, bulls for cross-breeding are easier to
obtain, the expense is acceptable for pastoral households, economic return
is higher and the offspring are more adaptable. The detailed process is
shown in figure 1.

The geographic location of pastoral western Sichuan naturally provides
the accessibility to the exchange of animals and their products among
pastoralists in plateau and farmers in mountainous regions. Traditionally,
the original cross-breeding activities were carried out by yak herders along
the eastern fringe of the Tibetan Plateau, for example, the agro-pastoral
areas. The introduction of cattle for cross-breeding with yaks, therefore, is
in line with the traditional practice of yak herders. However, the difference

Female yak

Improved bulls
(introduced cattle of dairy type)

Male ‘Pian Niu’
(eliminated for beef)

Female ‘Pian Niu’
(kept for dairy purpose)

Male cattle
(introduced for  meat purpose)

Male and female ‘Za Niu’
(eliminated for beef purpose)

×

×

P

F1

F2

Local female cattle
×

Female cattle (F1)
(for dairy production)

Male cattle
(introduced from farming area to pastoral area)

Farming area

Pastoral area

Figure 1. On-going cross-breeding plan.

Dissemination
and breeding
structure
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between the on-going programme with traditional activities is that the
introduced bull is an improvement on the pure local cattle, which may
have greater potential for dairy production. On the other hand, it has
stronger adaptability than the improved bull (such as Holstein Friesians)
used in the last improvement schemes. Although the improvement
programmes in both farming and pastoral areas are promoted by
Government and development agencies, the local herders willingly accept
this method due to its traditional and low expense. At the beginning of
the 1990s a few bulls were introduced by institutions responsible for the
technical support in the integrated development programme. With the
demonstration in a few nomadic households, more and more nomads
recognise the advantages of this practice. The introduction of bulls from
farming areas is operated occasionally by individual herders themselves,
step by step with the support of technicians and Government. Generally,
an introduced bull is shared by a number of households having a joint
investment.

Although the cross-breeds can provide more dairy products for the
nomadic family, they still need more supplementary feeding during winter
and spring. If herders want to keep the high productivity of hybrids, more
attention should be paid to management. In general, the introduced cattle
bull is raised separately in an enclosed pasture, which is close to a winter
settlement of pastoralists and the hybrids are always separated from the
yak herd. As the labour input is relatively high and the duration of the
programme is short, the number of cross-breeds obtained in this way is
only about 1 200 head in Hongyuan, the demonstration county and only
make up 0.34 percent of the total yak stock.

Since the improvement of yak has been tested and carried out in western
Sichuan for a few decades, abundant experiences both positive and
negative have been accumulated. In the 1990s when the integrated
development programme was implemented in pastoral areas, the
Government was still the organizer, but experts from institutes, such as
the Sichuan Rangeland Institute and Southwest Nationality College, gave
technical support. At the beginning of the programme, the investment in
the introduction of cattle bulls (male progenies of pure-bred foreign bulls
with local cattle cow) from neighbouring mountain areas, was afforded
by the programme, for example, from the Government. The experts are
responsible for the demonstration in ten to twelve selected households in
Hongyuan County. A series of training courses were conducted by
technicians and herders from demonstrated families also worked as
interpreters. Owing to its operational techniques, low investment and high
economic benefits from milk selling, about 40-45 households were involved
in this improvement scheme.

Participation and
technical support
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Together with the traditional breeding goals mentioned above, looking
for a breed with stronger adaptability to harsh environment and the
marketing value are two major driving-forces for yak improvement. The
purpose of cross-breeding initiated by the Government is, therefore, to
combine some of the good qualities of the breeds being crossed and to
anticipate the possibility that the performance of the crosses will exceed
the average of the two parental types (in terms of heterosis or hybrid
vigour).

Recent changes in production orientation from subsistence to more
marketing in China drive the implementation of yak improvement. In
Hongyuan County, one of the demonstrating counties for the integrated
development programme, for example, in order to sell the surplus milk to
the milk-powder factory located in the town, herdsmen need to have a
breed with higher milk production. Traditionally, selling of dairy products
is one of the most important sources for the income of local households
including revenue for the Government, which has been reflected from the
selection criteria of Maiwa Yak. Furthermore, one of the aims of the on-going
integrated development programme is to promote the transformation of
pastoralism from subsistence to marketing. With this original intention,
the Government also needed to push forward the implementation of the
yak improvement scheme in pastoral areas. Officials think that the situation
of rangeland degradation could be changed through the increase of animal
productivity, turnover rate of animal stock as well as the cultivation of
artificial pastures. The development of hay meadows by every household
provides the possibility to raise ‘improved’ yak hybrids individually. The
limits of foodstuff in winter, labour in most households and seasonal
migration of herds, however, still hinder the expansion of yak hybrids on
a larger scale. Although the privatisation of the rangeland among nomadic
households reduces the mobility of yak keepers, most households still
adopt the traditional way for animal husbandry. The sparse and higher
summer pasture cannot always provide enough foodstuffs to keep the
high yield of lactating hybrids. The remote summer pasture is also far
from the main road where the milk-powder factory collects milk from
nomads. After the ‘settling down’ of nomads through the integrated
development programme, the old people and children in the family always
stay in their winter settlement all year round. They become the main labour
responsible for hybrid raising with the help of women in the family during
the lactation season.

Ways of improving yak productivity by selection, as contrasted to
cross-breeding, might be thought to be of great importance to the people
who depend on yak for their livelihood. Yak is an integral component of
the socio-economic system of people in these remote areas. However, in
the past and even in present times, several factors work against systematic
breeding programmes.

Main reasons
for
introducing
the scheme
and significant
activities

Major
challenging
issues and
future
directions
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At first, it was believed that yaks are still widely regarded, especially among
Tibetan people, as a symbol of wealth, which is the main constraint for
the genetic selection of yak (Cai and Wiener, 1995). Since the transformation
from subsistence to marketing orientation is a slow process, the
improvement of yak cannot be accepted widely in a short time, especially
in remote areas. Furthermore, it is also impossible for the remote pastoral
area to implement the cross-breeding programme where there is no
effective market system for animal products and not enough foodstuff for
animals.

Secondly, it was emphasised that an important reason why genetic
selection by herdsmen or extension officers acting on their behalf, is
hindered, is the absence of the necessary performance and pedigree
records, although herdsmen will often claim to know the parents of the
animal, especially bulls. In fact, the indigenous knowledge about breeding
and cross-breeding has existed in pastoral societies for a long time and
has functioned in a rational way. The only reason why it cannot be
systematised and understood is that there is not enough technical capacity
in these societies.

Thirdly, survival of yaks in a harsh, even hostile environment is of
paramount importance, perhaps of higher priority than any single
performance trait. In terms of selection for survival in these conditions,
natural selection is almost certainly more effective than any current
procedure devised by man (Cai and Wiener, 1995; Wu, 1997a). In addition,
owing to the lack of sufficient knowledge on practical conditions including
ecological, socio-economic and cultural, the activities or outcome of most
projects for yak improvement which were coordinated by governments
in the last three decades, cannot be sustainable.

The improvement of yak in the high-frigid plateau is or will be inevitable
and necessary, but it should also not be forgotten that yaks are reared in
range systems and never housed even during the worst climatic conditions.
The sustainable viewpoints cannot be omitted in any projects related to
the development of the yak industry and all of the ‘modern’ techniques
for breeding and cross-breeding cannot be introduced simply or directly
without any practical evaluation (Wu, 1997b). Although the on-going cross-
breeding scheme is relatively more successful than that carried out before
(including the schemes mentioned in Section "Brief history of
cross-breeding plan" such as eliminating backcrosses, culling out progenies
of backcrosses with cattle and developing progenies of backcrosses with
yaks, introducing foreign bulls to cross-breed with yak, and first cross-
bred generation for dairy and backcross for meat), some aspects should
also be improved if a sustainable approach is to be established, namely to:

• establish a small herd of pure yaks to carry out observations on
performances in different systems of management. In this way the

Major challenging
issues within Yak
breeding and
cross-breeding

Future directions
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steady genetic features of different breeds may be characterised. It has
to be admitted that yak to date, has better adaptability than any other
hybrids in this harsh environment. The cross-breeding scheme cannot
be expanded and/or it is not necessary to expand to the whole plateau.
The systematic selection of yak breed and the in-situ conservation of a
yak gene pool, therefore, must be carried out immediately, which will
become an important basis for the sustainable development of yak
husbandry;

• explore in depth the traditional strategies and indigenous knowledge
of yak herders so that the best aspects of the traditional practices can
be incorporated into modern improvement plans. Both cross-breeding
and straight-breeding are important for pastoral development on the
Tibetan Plateau. Technical support and investment should not only
be limited to the field of cross-breeding, as the first purpose of the
pastoralism in these remote areas should be subsistence rather than
marketing in the forecasting future;

• conduct research on fodder and development of hay meadows for
yak winter-feeding. If there is not enough foodstuff provided to yaks
and/or their hybrids, the potential of milk, meat and hair production
which is hoped for by development agencies, cannot be really
elaborated;

• conduct research on the impacts of the marketing force on the
improvement practices, breeding orientation and management
systems. The forecast for the change of the marketing force and outlets
is necessary for the steady and sustainable improvement scheme
during the next five to ten years;

• raise the level of technical capacity through training and technical
exchange in pastoral areas and to survey socio-economic problems
associated with production or reproduction. The on-going privatisation
in China has an impact not only on management of yak and land use
patterns but also on the infrastructure and the direction of pastoral
development. Any improvement scheme on livestock must be
environmentally sustainable as well as politically sustainable
(politically steady).

In the Tibetan Plateau many cross-breeding methods have been conducted
in the last few decades, but few systematic schemes were implemented
on the straight-breeding of yaks. Although the national selection criteria
for yak breeds were set up in the 1980s, cross-breeding between yaks and
cattle is still the only content involved in the most developed programmes.
In operational opinions, straight-breeding should be largely promoted and
the indigenous knowledge of herdsmen on yak selection should be
combined into the future yak breeding programmes. Cross-breeding
schemes should be limited to more favourable areas, such as agro-pastoral
areas or the areas neighbouring in consideration of ecological adaptability
of hybrids. The remote pastoral area should be dominated by yak stock
when forecasting in the future. Even so, a cross-breeding scheme should

Conclusion
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not be expanded on a large scale until the technical capacity of local
communities is enhanced so much so that they can master the techniques
for more intensive management, more fodder could be provided to winter
raising and enough market outlets could be made available for animal
products.
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Natural Science Foundation (49601018) and Chinese Academy of Science
(Western Bright Plan) for my studies in the pastoral western Sichuan.
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People always associate the high and frigid range on the Tibetan Plateau
with the yak (Bos grunniens), because it is one of the most important species
of livestock found in the Himalayas and on the Tibetan Plateau, as well as
in pastoral areas of north-western China, Mongolia and southern Russia.
Yak is the multipurpose high altitude large mammal belonging to the
Bovidae family under the tribe ruminantia, and the only one species of
bovines that can adapt itself to the physical environment of the Plateau.
Man said: “Without yak it is difficult to imagine the situation of animal
husbandry in the Qinghai-Tibetan Plateau.” This implies that it is
impossible to separate the yak production with the climate of the Plateau,
alpine pastures and the daily life of the Tibetan.

Nomadic yak breeding sprang up in the Tibetan Plateau as a result of the
adaptation of the pastoral communities with a producing economy to
specific ecological niches created by the simultaneous effects of various
natural geographic, socio-economic and historical factors. Traditionally
yak breeding patterns can be interpreted as the result of adaptive responses
of organisms and societies to current pressures and specific historical
processes. Archaeological evidence indicates that the earliest domestication
of yak, sheep and goats occurred in various locations in the Tibetan Plateau
about 5 000 years ago (Cai, 1989). Originally an aspect of broad spectrum
village subsistence and then specialisation in its own right, this technology
becomes prevalent in the Tibetan Plateau and its adjacent territories.

In the Tibetan Plateau most of the places lower than 4 500 m are unsuitable
for cropping, except for the few river valleys in the south and east.
Therefore, the extensive areas of rangeland, with the area of 167 million
hectares are available for yak grazing. In 1996, it was estimated that there
were about 14.5 million yaks in Chinese territories (including yak-cattle
hybrids).

Yak enjoys the rare distinction of being the only large mammal that dwells
in-between 2 500 to 6 000 m with ease and simultaneously produces work
and products. The natural habitat of yaks has some distinct characteristics,
such as rarefied air and scanty grass resources. The diurnal temperature
fluctuation is very wide at high altitude. High altitude pastures above
4 000 m almost remain inaccessible in the winter season due to snowfall.
During this period the yak herds descend down to a lower altitude (always
below 3 500 m) for the winter grazing, where few sunny days occur in the

Appendix 1

A brief
introduction to
Yak
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melting of snow and the grasses or shrubs are available for grazing by
yaks. During the peak winters these areas also experience heavy snowfall
but never remain under snow for a long period. Therefore, the features of
the living area of yak are summarised as follows:
· high altitude (2 500-6 000 m);
· low temperature (annual mean temperature around and even below

0°C);
· great difference of diurnal temperature (above 15°C);
· low atmospheric pressure (below 110 mm mercury high); and
· alpine meadow, with dwarf shrubs but in good quality.

Yaks are endowed to live in the cold regions as they have some
physiological and anatomical ramifications in comparison to other
members of the bovine group. Since the result of natural selection of the
special and harsh ecological environment, yaks have a very strong survival
ability and form a serious function against the hard environment (Cai,
1989; 1992). Generally speaking, temperature is the single most important
factor determining the distribution and stocking density of yak (Wu, 1997a).
Yaks survive and perform adequately if the annual mean temperature is
below 5°C and the average in the hottest month is not above 13°C. Subject
to the availability of adequate grazing, the distribution and stock density
of yak increases with altitude. However, altitude is of lesser importance
than air temperature, because the relationship between altitude and latitude
can be mediated through air temperature.

With the extensive rangeland, yak breeding remains important both for
the subsistence of the majority of the rural population and for the entire
economic system. In the absence of alternative opportunities for local
employment of any significance, most people, mainly Tibetan, earn their
livelihood from yak husbandry. For example, in western Sichuan the
output value of pastoral livestock production approaches 54 percent of
the Gross Agricultural Output Value (GAOV) as a whole. As extensive
technical and economic reports mention, purchasing of animal products
has generated no less than half the income since 1975. According to the
statistics of the Provincial Animal Husbandry Bureau, 72 percent of milk,
45 percent of beef, 42 percent of bovines’ skin and 34 percent of hair
(including downhair) in 1995 came from the production of yak. Although
the composition of livestock herds in different ecological regions are varied,
yak is always an important means of subsistence and of productivity in
all pastoral societies of western Sichuan, which contribute more than meat,
milk and clothing materials. When associated with cropland they often
contribute manure and traction. It is also common for yak to be used for
transport and as a form of capital and security. In pastoral societies it may
contribute blood to the diet and invariably it is used to build and maintain
social relationships. Hides and skins are used for housing and water
containers as well as for clothing and dung may be also used as fuel instead
of manure. Different species perform different functions in different
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livestock production systems. The functions which yak fulfills in a given
situation derive from interaction between environment, human need and
custom.

Over the centuries, yak herders have bred yaks and developed numerous
local yak types, often recognised as distinct breeds with different
characteristics. In China ten types have been identified, which include
Jiulong Yak and Maiwa Yak in Sichuan, Zhongdian Yak in Yunnan, Tianzu
Yak and Gannan Yak in Gansu, Plateau Yak and Huanghu Yak in Qinghai,
Alpine Yak and Yadong Yak in TAR (Tibetan Autonomous Region), and
Bazhou Yak in Xinjiang (Cai, 1992). However, there is little scientific
evidence available on the genetic variation that exists between these
different breeds. The existence of different breeds may be the solution to
developing a yak genetic conservation policy and new genetic programme
for commercial yak raising

Different yak breeds exist, for the most part, in different areas where yaks
are raised. To date, no proper genetic comparison has ever been made
between these different breeds in terms of their performance and general
attributes (Miller et al, 1997). It is not known to what extent the breeds
differ genetically. All that is known is that they appear to differ in their
general appearance. It is necessary, therefore, to measure performance,
survival and reproductive capacities among the different breeds to
determine how much one breed differs from another. Yak breed
comparisons and the crossing of yak breeds could be very valuable for
identifying yak genetic diversity and would provide a scientific basis for
yak genetic conservation plans and, probably more importantly, for the
development of improved breeding plans for yak herders to follow
(Wiener, 1997). This could eventually lead to improvements in yak
performance and hopefully even ensure the long-term survival of the yak
and the unique yak-herding culture which it supports.
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The case study of the Kyrgyz Republic in Central Asia is based on a very
recent start to reintroduce systematic breeding in cattle after the
transformation from large collective farms to small private farms. Some
of the large farms have managed to transform themselves into collectively
owned private farms. These farms have also managed to maintain valuable
breeding stock which now becomes the basis to start systematic breed
improvement in order to produce high quality semen to be used in the
large number of small family farms throughout Kyrgyzstan.

The Alatoo cattle breed is the main breed in the Republic. It was developed
by complex cross-breeding schemes of local Kyrgyz cattle with Brown
Swiss (BS) and Kostromskaya.  Animals of this type are very similar to
Brown Swiss, have a shorter body, deeper chest and lower implantation
of the legs. The udder is well developed and the yield is in the range of
ten to 15 kg of milk per day. Thanks to their productivity and their
adaptation to the hot dry summers and severe winters of Central Asia,
the breed is widely used in the Republic as well as in neighbouring
countries. During the period of breed perfection, the Kyrgyz Republic
exported 59 500 heads of young animals to other Republics of Central
Asia, the Caucasus, Mongolia, Korea, China and Afghanistan. The level
of improved (American) BS blood has probably decreased during the past
seven years, as in this period there has been little use of BS semen. The
population of Alatoo cattle in 1997 was estimated at 680 000 heads. The
Alatoo breed is kept throughout Kyrgyzstan.

The Kyrgyz Black and White cattle (KBW) is considered to consist of three
sub-populations: the original Aulieatinska breed, “holsteinized” Alatoo
and “holsteinized” Aulieatinska. The highest density is in peri-urban areas
of Chui oblast and Talas oblast. Kyrgyz Black and White cattle, though

Cattle improvement project in the
Kyrgyz Republic1

A.  Jumaliev & A. Kretov

Kyrgyz Swiss Enterprise Development and Kyrgyz
Swiss Agricultural Projects, Bishkek, Kyrgyzstan

1Supported by Kyrgyz Swiss Enterprise Development
and Kyrgyz-Swiss Agricultural Project
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not yet officially recognised, can be defined as a new breed group of dairy
animals. Its genetic improvement can be pursued in a breeding programme
similar to the one for Alatoo. The Aulieatinska breed was created in 1974
after cross-breeding of local Kyrgyz cattle with Friesian bulls. At dairy
farm “Jergetalsky” (Talas oblast) productivity of cows was 3 900 kg of
milk per lactation. From 1980 onwards “holsteinization” of Alatoo started
in 26 collective farms with the purpose of increasing milk production. The
population of KBW in 1997 was estimated at 170 000 heads.

In principle, there are two types of cattle keeping systems in Kyrgyzstan:
• systems where the animals are housed year round. This is the more

intensive system with normally large herds (500 to 3 000 animals,
former collective farms) and located around larger industrial and urban
centres;

• mixed systems with alternate stall-feeding and grazing in summer, or
grazing altogether in summer on summer pastures and stall-feeding
in winter. This system can be found in the newly established private
farms as well as in some former collective farms.

The inputs for milk production vary from low to high. The sharp inflation
which started in August 1998 put milk producers into difficulty: fuel prices
went up drastically and milk prices remained approximately at the same
level. The situation for medium scale farmers was similar. Small farmers
do not use a lot of machinery in the production process. Fodder
procurement is made manually which makes production costs lower.

In 1997 the size of the Kyrgyz cattle population was estimated at 850 000
animals (680 000 Alatoo and 170 000 Black and White). Kyrgyzstan is
divided into six oblasts (cantons): Chui, Osh, Jalal-Abad, Naryn, Issyk-Kul
and Talas. Eighty-five percent of the territory is covered with mountains.
Large cooperative milk farms are located only in Chui oblast, medium
and small milk farms established in the process of reforms from 1991 are
located in all oblasts. The cattle populations of the large cooperative farms
amount to 3 000 heads.

The Cattle Improvement Project was started on 1 January 1999. The Project
activity involves six large farms, medium size private farm and 300 small
scale farmers, cattle-keepers. The total number of cows is 7 000. Two
thousand are involved in the “Animal Performance Recording System”.
The best breeding animals of the country are kept on the large farms,
therefore the project aims at maintaining and improving the quality of the
animals in these farms in order to use them afterwards as reproducers of
genetic material for other regions of the country. All these farms have
operational Artificial Insemination facilities. The project imports progeny
tested bull semen for the insemination of the best cows with the purpose

Input levels
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Improvement
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431

Jumaliev & Kretov

ICAR Technical Series - No 3

of producing good quality breeding bulls for the production of frozen
semen or direct use in natural service. It is planned to initiate the
improvement activity in the first stage in two oblasts of the country and
to spread it afterwards over the whole country.

The main purpose of cattle-keeping is milk production. Some farms
produce up to 18 tons of milk per day and sell it to milk processing units.
The majority of small and medium farms sell milk on markets and use it
for home consumption. Improvement of milk productivity is the most
important aim. Imported Brown Swiss semen is used for the improvement
of milk production of the Alatoo breed and imported Holstein semen for
improvement of milk production of the Black and White breed. For the
time being, real breeding work, performance recording, selection and
nominated services, are carried out only on collective farms. These farms
will produce the genetic material to be used by the small farmers. The
majority of small farms, having 90 percent of the country’s cattle
population, at present do not improve the quality of their cattle through
breeding at all. The breeding aims for milk traits for Alatoo and Kyrgyz
Black and White are listed in Table 1.

Main purpose
and breeding
goal

Table 1. Breeding aims for milk traits for Alatoo and Kyrgyz Black
and White cattle.

Trait Alatoo Black and White
Lactation yield 4 500 – 5 000 kg 4 500 – 5 000 kg
Fat content 3.8 – 4.0% 3.8 – 4.0%
Live weight 550 – 600 kg 450 – 550 kg
Milking speed 1.6 – 1.8 kg/min 1.6 – 1.8 kg/min
Udder index 42 – 44% 42 – 44%
Age at first calving 27 – 29 months 25 – 27 months

From the 1950s onwards a large-scale programme for improving the local
Kyrgyz cattle breeds has been carried out. Brown Swiss bulls were used
for that purpose through artificial insemination. In the late eighties almost
the entire cattle population was improved with Brown Swiss genetic
material. In the eighties the programme of cross-breeding local Alatoo
cows with Holstein bulls was initiated in Kyrgyzstan with the purpose of
further increasing milk production. This programme involved 26 large
breeding farms.

Today, only two large farms with predominantly Holstein crosses are still
functioning effectively. These farms each keep approximately 1 300 milking
cows which are Holstein cross-bred of different generations. The
production level is approximately 4 000 kg per lactation.

Breeding plans
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Improvement with the Holstein breeding material was made mainly in
the suburbs of the capital Bishkek and the lowlands, whereas
cross-breeding with Brown Swiss was made over the whole of Kyrgyzstan.

The Government breeding policy aimed at large collective farms. In 1990
these farms had more than 85 percent of the cattle population. In 1987-1990
the annual average milk yield per animal on the collective farms was
3 100 kg.

The Central State Breeding Station produced frozen bull semen and had
branches in all oblasts. In addition to the production of semen, the Station
imported and sold high quality progeny tested semen.

The cows in the Government sector were inseminated artificially. Bulls
were progeny tested.

Today the Government breeding system no longer exists. The large farms
in five oblasts were reorganized into small private holdings where, at
present, breed improvement activities in the narrow sense does not take
place.

The Cattle Improvement Project being part of the Kyrgyz Swiss
Agricultural Projects, combines six large cooperative farms, one private
medium size farm and 300 small scale cattle holders. The aim of the project
is to maintain the remaining breeding stock of the country and to improve
its quality as well as to resume the production of bull semen for small
milk producing farms.

The Kyrgyz breeding policy for cattle aimed at dual purpose animals with
emphasis on milk yield next to good daily gains for meat production. The
Kyrgyz winters being long and hard and the summer feeding being based
on high mountain pasture grazing, the fitness traits were important, though
never explicitly bred for. The small scale cattle keeper will opt for an animal
with a good (not maximum) milk production which can produce a
reasonable amount of milk with the farm based fodder. Cultivated fodder
and supplements (concentrates, minerals) will either not be sufficiently
available or too expensive for quite some time to come.

At present the recording system is only geared towards milk yield and fat
content. In addition, a body conformation scoring based on the linear
description method is being developed for potential bull mothers and
potential breeding bulls.

The selection criteria are milk yield and fat content. At present a simple
contemporary comparison method is followed. In addition, body
conformation scoring (linear description for bull mothers and breeding
bulls).

New elements
in the
breeding
programme

Traits
included in the
breeding goal

Selection
criteria
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Sale of bulls from breeding farms to villages for village herds and small
holders. Sale of frozen semen of best bulls to cooperative farms and farmer
associations. Sale of surplus good quality heifers from large farms to small
holders.

Looking at the entire cattle population, its composition can be defined as
follows:
a) pure-bred Alatoo cattle;
b) improved Alaltoo x Brown Swiss;
c) Kyrgyz Black and White.

Farmers invest mostly to improve milk production. Government support
is no longer available. A Government resolution exists on providing
breeding farms with subsidies, but in practice the farmers do not get any
support from the Government.

Milk recording and fat analysis. The Project carries out the milk
performance recording of 2 000 cows. In four villages there are four milk
recorders. Each of them visits 50 to 70 farmers per month. They measure
milk quantity and take samples to determine the milk fat content.

AI services. In three villages AI points have been set up where farmers
can bring their cows for insemination in the morning and in the evening.
The project supplies semen, liquid nitrogen and other material to these
points at cost price. The farmers of the villages have selected a person to
work as an AI technician. The project renders support to the AI points in
the large farms. For this purpose the project has provided new LN
containers.

Training. The Project carries out the training for AI technicians and
organizes exposure trips to Russia and Kazakhstan.

Cattle breeding is a traditional sector in Kyrgyzstan. More than 60 percent
of the human population lives in rural areas. Milk production and sale of
milk and milk products are a main source of income for those living in
rural areas. Milk and milk products are prominently placed in the diet of
the Kyrgyz population even among the poorer people. Meat is the main
traditional protein product for the Kyrgyz population.

In agro-climatic conditions (average rainfall 400 mm/year) and topography
with very large high altitude pastures (2 500 to 4 500 m), livestock
production in Kyrgyzstan has played a major role in the past and will in
the future. In livestock production Kyrgyzstan enjoys a comparative
advantage in Central Asia, based on agro-climatic conditions, tradition
and knowledge.

Dissemination
of improved
genetic
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Government
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At present in Kyrgyzstan, there is a large untapped potential for more
intensive livestock production.

The programme attempts to bundle the still available know-how in breed
development of the erstwhile collective and state farms and to assist the
remaining cooperative farms to make their good quality genetic material
available to a wider public by systematic breeding work. This work has to
be based on principles of private enterprise and market economy.

In the near future the following changes with regard to breeding will be
implemented:
• adoption of  the newly developed breeding policy on a national level;
• establishment of farmer organizations to enable farmers to

independently deal with breeding issues;
• design breeding plans at local level;
• simultaneously make efforts to improve the feed and fodder base and

animal feeding (this issue is acute for farmers as the breed improvement
activity undertaken at the moment will not solve the problem of low
milk productivity alone);

• establish a breeder service company as a limited liability company
based on principles of private enterprise and market economy.

The future of the two existing cattle breeds depends on the farmers
themselves. There are regions in the country where milk sale is difficult.
This hampers the possibility of breed improvement (for example remote
mountainous regions). In contrast, the areas around cities and industrial
centres are characterised by a high demand for milk and milk products.
In such regions farmers will start to combine their efforts and will organize
AI activities using frozen semen of breeding bulls (a demand driven
programme). We are convinced that milk production in the coming five
to ten years will become profitable not only in the suburbs but also in the
rural areas which after all will be the driving force to the overall cattle
breed improvement programme in Kyrgyzstan.

Peculiarities of
the
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Future outlook
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The Nimbkar Agricultural Research Institute (NARI) was established with
a private endowment as a registered public trust in 1968, in Maharashtra,
India, with the objective of undertaking research in a wide range of
agricultural activity to improve the quality and quantity of agricultural
produce. The Animal Husbandry Division of NARI was started in 1990
with the aim of bringing about genetic improvement in local goats and
sheep to increase their productivity and efficiency. A comprehensive
project proposal to enhance the income of rural goat-keeping women in
Phaltan taluka (shire) by improving the productivity of their goats was
submitted in 1991 to a Government of India funding agency, the Council
for Advancement of People’s Action and Rural Technology (CAPART).
This proposal comprised eight modules, out of which, CAPART agreed
to fund two, e.g. cross-breeding of local goats and provision of goat health
care under their scheme ‘voluntary action in rural development.’
The mammalian species involved was goat.

Local goats not recognised as belonging to any particular breed, were
cross-bred with bucks of the Sirohi breed from Rajasthan, Alpine x Sirohi
and Toggenburg x Sirohi bucks.

Goat-keeping in south central Maharashtra where Phaltan taluka is
situated, is a low input production system. The usual practice is for women
to keep small flocks of one to three goats which are tied up in front of the
house. There are some larger flocks of ten or more goats. The women take
the goats out to the fields with them every day, tie them on the boundary
of the field where they work and feed them weeds, grass and acacia or
prosopis pods. Goats also get kitchen scraps and leftovers from family
meals. Concentrates or oilseed cakes are fed occasionally after kidding.
Sometimes goats are vaccinated against enterotoxaemia and haemorrhagic
septicemia in camps specially organized by the Maharashtra Government
department of animal husbandry. In recent times, private veterinarians

A village goat cross-breeding project
in Maharashtra, India

C. Nimbkar

Animal Husbandry Division, Nimbkar Agricultural Research
Institute, P. O. Box 23, Phaltan 415 523, Dist. Satara

Maharashtra, India
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have started practising in a lot of villages and goat-keepers avail of their
services in emergencies. However, on the whole, there is hardly any
expenditure on purchasing feed, medicines or other inputs.

Thirty-four villages within a 15 km radius of Phaltan town formed the
target area for the cross-breeding project. The estimated number of
breeding does in these villages was about 15 000 and about 60 000 in
Phaltan taluka. Thirty-one Sirohi, five Alpine x Sirohi and four Toggenburg
x Sirohi bucks were placed in 34 villages; one per village with 200 to
500 local does and two in each of the six villages with >600 does each.
These bucks had been selected on their own growth rates and their mothers’
milk yields.

The local goats in the 34 project villages were targeted for improvement.

A preliminary survey of goat-keeping practices and economics in the
villages near Phaltan showed that women rear goats for milk for home
consumption and meat for sale. The kidded doe provides a little milk for
the family after kids are weaned and the male kids are sold or slaughtered
at the age of five to six months. Thus both milk yield and growth rates are
economically important traits.

However, the village women goat-keepers generally do not keep a breeding
buck. Most of the goats in the village are mated by the breeding buck
specially reared by one goat owner. Little or no care goes into the selection
of the breeding bucks. There is also a tradition to let buck kids loose as an
offering to God. These bucks roam around and even graze people’s crops
and grow big and hefty. They then dominate the other bucks in the village
and mate with the majority of the goats in the village. It is thus likely that
generations of breeding bucks in a particular village hail from one
individual with the possible consequence of severe accumulated in-
breeding.

NARI thought that supplying breeding bucks of an improved breed for
cross-breeding would reduce in-breeding and lead to genetic improvement.

A cross-breeding programme was preferred as selection would take too
long to be effective and would need substantial facilities and funds that
were not available. Moreover, cross-breeding at village level could be
monitored readily because the cross-bred progeny would be easily
distinguishable.

The
approximate
number of
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The approach
through which
the breeding
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The Sirohi breed from Rajasthan was recommended by “the Central
Advisory Committee for the development of sheep, goat and rabbit” for
use in up-grading non-descript goats. The Indo-Swiss Goat Development
and Fodder Production Project (ISGP), in performance recording of Sirohi
goats from 1988-91, found their production potential to be much higher
than reported earlier. They reported the average milk production of Sirohi
does in village conditions to be 250 kg in 180 days. The average weights of
male and female Sirohi kids at the age of six months were reported to be
19.6 and 18.6 kg respectively. The Sirohi and Sirohi cross bucks also fulfilled
the local goat-keepers’ criterion that the breeding buck should be large,
e.g. weigh at least 40-50 kg. The Sirohi breed is from hot and arid Rajasthan
and was expected to adapt well to a similar climate of the Phaltan area.
Before the start of the village cross-breeding programme in 1991, NARI
purchased 13 Sirohi bucks selected on their individual growth rates and
their mothers’ milk yields, ten Alpine x Sirohi and ten Toggenburg x Sirohi
bucks from the ISGP. CAPART refused to fund the purchase of the cross-
bred bucks which were therefore purchased with NARI’s own funds.
Twenty more Sirohi bucks were purchased from the Central Institute for
Research on Goats of the Indian Council of Agricultural Research. Out of
these 53 bucks, two Sirohi, five Alpine x Sirohi and six Toggenburg x Sirohi
bucks had to be culled due to lack of libido and the remaining 40 bucks
were placed in the villages.

In each village, one or two families willing and able to maintain a breeding
buck (with assistance from NARI in the form of supply of concentrates at
300 g per day per buck and complete free health care of the buck) were
identified and an agreement was entered into between NARI and the head
of the buck-keeper household. A breeding buck was then allotted to each
such family. Each buck-keeper family was provided with chain-link fencing
to make a pen for the buck and specially designed notebooks for recording
the services given by the buck and the details of each goat serviced. Bucks
were insured in the name of NARI to protect the buck-keepers against
financial loss if the bucks were to die. Buck-keepers were allowed to charge
service fees only at the normal rate in each village so as to induce goat-
keepers to get their does bred by that buck. However, if a doe served by
the buck returned to oestrus, another service would be given for free.
Efforts to persuade the villagers to get rid of wandering bucks succeeded
in some villages.

The plan to achieve the breeding goal did not differ from that actually
followed.

Traits included in the breeding goal were liveweights/growth rates of
kids up to six months of age.

The selection criteria followed: no selection was made.

Choice of
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As indicated in the section entitled "The plan designed and followed to
achieve the breeding goal", improved bucks were placed in the villages
for cross-breeding of local goats. No efforts were made for the
dissemination of cross-bred males and females generated in the course of
the project.

Local goats maintained by village goat-keepers were cross-bred under
the project. Breeding bucks were sent out to selected buck-keepers in the
villages at the onset of the breeding season in late May. At the end of the
major breeding season in December-January, when the number of goats
exhibiting oestrus dwindled, if the buck-keepers had a shortage of feed,
the bucks were brought to the NARI farm. In the next breeding season,
these bucks were sent to different villages to eliminate the possibility of
in-breeding even though some buck-keepers had strong personal
preferences for the bucks they had originally kept. The goat-keepers who
were given Sirohi goats (see the chapter "Government support"), were
encouraged to breed these with the project’s Sirohi bucks in their village
and some well-grown Sirohi buck kids from such matings were purchased
by NARI to replace aged bucks and those without adequate libido.

The active participation of a local farmer who cared for the buck in each
village was an important factor in the acceptance of the scheme by
goat-keepers and the success of the programme.

The number of goats mated by the project’s breeding bucks increased
from 1 193 in the first year to 1 814 in the second year (a 52 percent increase)
and 1 990 in the third year, a total of about 5 000 goats in three years.
Increased acceptance of the project by local goat-keepers could also be
attributed to the fact that the goat-keepers did not have to go far to obtain
superior germplasm and they could see the cross-bred kids thriving in
the same conditions as local goats. An important incidental benefit of the
project was that goat-keepers became aware of the importance of weighing
their goat kids and correlating the sale price with the kids’ weights.

CAPART, a Government of India funding agency sanctioned a grant of
Rs. 1 million over three years for the project but did not disburse the last
instalment of Rs. 0.2 million.

The Central Institute for Research on Goats which is a Government
institute, made 20 Sirohi bucks available for the project at a reasonable
price.
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It was a condition of CAPART that part of the funding for the project
come from local Government agencies. NARI, applied accordingly to the
Satara District Rural Development Agency for funds to construct a shed
with feeder and waterer for the breeding buck in each village and to
purchase goat Artificial Insemination (AI) equipment, microscopes for
semen evaluation and veterinary first aid boxes for use in the villages. It
was envisaged that these items would be handed over to the
grampanchayat (village council) for long-term use for the benefit of the
village goat-keepers. It is noteworthy that the Government has financial
provisions to keep veterinary health care kits in villages and to distribute
‘improved’ goats and sheep to beneficiaries. However, in spite of constant
correspondence with Government officers up to the highest level and
frequent visits to the concerned offices, the Government realised its written
financial commitment given to this project. However, the Maharashtra
State Animal Husbandry Department provided enterotoxaemia and
haemorrhagic septicemia vaccines free-of-charge for goat health camps
organized by NARI, every six months in every village where a breeding
buck was kept. Some drug companies provided small quantities of free
dewormers for these camps.

In the third year of the project, NARI implemented a sub-project to provide
additional goats to below-poverty-line families in five of the project villages.
This was to help goat-keepers take advantage of the Central Government
scheme of a 33 percent subsidy (50 percent to backward class households)
on bank loans for income-generating activities to families from the list of
those existing below the poverty line. (An annual income of US$200 per
family is considered to be the poverty line.) Since good goats were not
available in large numbers locally, NARI purchased Sirohi goats from
Rajasthan and 125 goats were distributed to women beneficiaries under
the Government scheme.

Farmer support. Two veterinarians were hired, who visited each project
village one morning a week to deliver a week’s concentrate supply for the
bucks, monitor the health of the bucks and provide free medical treatment
to the bucks, if necessary, and to any sick goats in the village. They also
brought back the records of services given by the bucks and ironed out
any problems encountered by the buck-keeper and goat-keepers. This
regular communication link was necessary and useful;

Research and development. The veterinarians were entrusted with the
task of visiting all the goats served by the NARI bucks in the week in
which they were due to kid and recording the date of kidding, the number
of kids born, sex and birth weights. Thereafter, they recorded the
liveweights of all cross-bred kids every month until they were sold for
slaughter or up to the age of six months. For comparison, liveweights of
contemporary local goat kids were also recorded;

Type and
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involved



440
Breeding Strategy Workshop

Case study: goat in India

Training. Ten groups of ten women goat-keepers each were given a three-
day training course in goat management with funds from a Central
Government scheme. These courses were held at an agricultural science
centre in the adjoining district. Some women clearly benefited a lot while
others, mainly the illiterate ones, did not gain very much from the training.

i) The activity of goat-keeping provides supplementary income to poor
rural families and produces much-needed animal protein. Genetic
improvement of goats has been neglected by the Government;

ii) Breeding bucks were provided to some villages where there were no
breeding bucks and goats had been taken long distances to be mated;

iii) Goats are usually reared in small numbers and individual goat-keepers
do not keep breeding bucks. In most, but not all villages, there may
be one or two breeding bucks. These are not changed for years. There
is, therefore, a high probability of severe accumulated in-breeding.
The cross-breeding scheme was introduced to counter the in-breeding;

iv) Sirohi bucks selected for growth rates and mother’s milk yield and
crosses of Sirohi with the Alpine and Toggenburg breeds, were
introduced into the local goat population under this project. The
expectation was that cross-breeding with these bucks would lead to
increased productivity of the cross-bred progeny through additive
genetic effects and heterosis.

They are:
1) Technical factors:
i) the scheme fulfilled a need of village goat-keepers and they approved

of the physical characteristics of the breeding bucks;

2) Operational factors:
i) NARI was highly motivated to bring the scheme into practice and was

able to ensure active participation of village goat-keepers;

ii) The supply of feed and veterinary care for the bucks, freedom to charge
fees for buck services, vaccination and deworming facilities made
available to the village goats and other incentives including insurance
of the bucks, all played a positive role in the initiation of the scheme as
well as its maintenance over time.

3) Policy factors:
i) In the present goat-keeping scenario in this part of Maharashtra, only

a relatively simple and unsophisticated breeding scheme is practical;
such as the supply of bucks whose offspring can be readily identified.
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There is no sophisticated recording system in place at the goat-keeper
level and a selection programme would be too long-term and would
require funds and facilities which are not available.

1) Economic evaluation
An economic assessment of the activity of goat-rearing comparing the
use of local bucks with improved bucks, should be made. However,
this is difficult to carry out because goat-rearing is a part-time activity
using family labour, inputs and outputs are not quantified and the age
at sale/slaughter of the goat kids produced is not likely to be optimum
because it depends on considerations such as the family’s need for cash
in an emergency;

2) Estimates of heterosis
It is important to know the relative importance of heterosis and additive
effects in order to make a decision about whether to continue
cross-breeding the local goats with bucks of the chosen breed or cross
or to ‘up-grade’ by backcrossing or to create a synthetic. In this project,
no estimates of heterosis could be obtained from the data on the progeny
produced. It was not possible to create a sufficiently large female
population of the buck breed-type in the same (village) conditions.
Efforts should therefore be made to produce sufficient numbers of
backcrosses (both by crossing the cross-bred kids with local bucks and
Sirohi/Sirohi cross bucks) and F2 level crosses by doing inter se mating,
to get an estimate of heterosis for this set-up;

3) The ISGP reports the average litter size of the Sirohi, Alpine x Sirohi
and Toggenburg x Sirohi to be in the range of 1.05 to 1.07 whereas the
local goats have an average litter size of 1.63. It is likely that the
cross-bred female progeny of local goats would have lower prolificacy
than the local goats. Prolificacy is an essential element of an efficient
meat production system and this factor will need to be included in the
choice of the crossing breed. Unfortunately this was not considered a
priority for this project.

There is a serious shortage of goat meat in India which is reflected in the
rising prices of goat meat over the last 15 years. After the experience of
the first cross-breeding project, NARI imported the Boer breed of goat
which is selected for meat production performance in southern Africa, in
order to assess its potential for the improvement of goat production in
this area of India. These trials have started and initial results are promising.
As the number of pure Boer bucks with NARI is small, artificial
insemination has to be used to implement cross-breeding. This adds a
further complication to the system but demand for Boer semen from local
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goat-keepers is good. There is also a large demand for Boer crosses from
all over the State which can be sold for breeding at substantially higher
prices than local goats.

Liveweights of 1 972 local and cross-bred kids were measured on spring
balances and recorded from the age of one month to six months. At six
months, only 805 of these kids were still available for recording due to
continuous sale of kids. These liveweights were analysed by Harvey’s
least squares analysis of variance. Results are shown in Table 1. Liveweights
of kids reared to six months were also analysed separately to see if only
the slow growing kids had been retained to that age. However, this was
found not to be the case. The decision to sell a kid was more a function of
the family’s need for cash rather than the liveweight of the kid.

There was thus a moderate increase in the growth rates of cross-bred kids
with the same feeding and management as the local kids.

Most of the male cross-bred kids were sold or slaughtered while some of
the female cross-bred kids were kept and reared by the goat-keepers. Their
performance was assessed with the help of a questionnaire and it was
found that 64 percent of the goat-keepers surveyed were completely
satisfied with the reproductive and milking performance of cross-bred
does and rated it better than that of local goats while the remaining 36
percent felt the cross-bred females did not come up to their expectations.

Available
estimates of
genetic change
in the
population
due to the
scheme

Table 1. Least square means of liveweight (kg) from one to six months of age of different genetic groups
of village goat kids. (The numbers in brackets denote the number of observations available).

Genetic group One
month

Two
months

Three
months

Four
months

Five
months

Six months

Local 5.2 + 0.2A

(189)
7.4 + 0.4A

(171)
9.4 + 0.5A

(156)
11.5 + 0.6A

(116)
13.0 + 0.8A

(87)
14.7 + 0.9A

(42)

Sirohi x Local 5.4 + 0.2A

(1 337)
7.9 + 0.3A

(1 321)
10.1 + 0.5A

(1 292)
12.4 + 0.6B

(1 088)
14.1 + 0.7B

(878)
15.7 + 0.7A

(580)

(Alpine x
 Sirohi) x Local

5.8 + 0.2B

(335)
8.7 + 0.4B

(337)
11.5 + 0.5B

(321)
13.4 + 0.6C

(275)
15.1 + 0.7C

(242)
15.1 + 0.8A

(160)

(Toggenburg x
Sirohi) x Local

5.2+ 0.2A

(111)
7.5 + 0.4A

(107)
9.9 + 0.6A

(100)
12.5 + 0.7B

(82)
14.2 + 0.8B

(64)
16.5 + 1.1B

(23)

Significance of
the effect of

genetic group

P < 0.01 P < 0.001 P < 0.001 P < 0.001 P < 0.01 Not
Significant

Means with different superscripts differ significantly (P < 0.01).
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The survey was made in the middle of the third year of the project when
data on only the first kidding of the cross-bred does was available. More
than 90 percent of the does surveyed gave birth to single kids. However,
it is difficult to say whether this was an effect of their father’s genotype
since local goats usually have single kids in their first kidding.

1. Absence of libido in some bucks and variation of libido in others were
major problems. It is uncertain whether any treatment is effective in
such cases and the buck-keepers always considered it a prestige issue.
Five of the ten Alpine x Sirohi, six of the ten Toggenburg x Sirohi and
two of the 33 Sirohi bucks bought originally had to be culled at different
stages of the project due to lack of libido.

2. Butchers in the area spread propaganda that the meat of cross-bred
kids is not as tasty as that of local kids and offered lower prices for
cross-bred animals. NARI then suggested to the goat-keepers that they
slaughter a couple of cross-bred kids themselves to see if they could
note any difference in the taste of the meat. Goat-keepers were
convinced that the meat tasted the same and then insisted on getting
the same price for cross-bred kids.

3. Some goat-keepers held a superstitious belief that if a suckling kid
was weighed, the mother’s milk would dry up. Initially this presented
some problems for weighing kids, but this was gradually overcome.

The project was intended for three years with the hope of extension, but
CAPART seemed to have other priorities. NARI kept the project going
for another year with its own resources and with the buck-keepers’ support
but finally the project ended after four years. However, this project has
provided a framework for an effective breeding programme when
individual units are small and spread out over a large area.

Problems
encountered
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Cattle in India were primarily raised for milk and draught. The focus is
currently on improving their milk production potential. This is in view of
reduced requirement of draught animal power due to mechanisation and
the need for more milk due to increasing demand.

Cattle are generally maintained on agricultural by-products and crop
residues with some grazing and little grain supplementation. The average
holding size is one to three animals per household. The majority of the
cattle are still managed under low inputs with only a few being raised
under intensive management. Dairy cooperatives at village level for milk
marketing have been established. In some areas these cooperatives are
being used for delivering inputs and performance recording. Medium to
large sized herds of cross-bred cattle have also arisen in the periphery of
large towns and cities, mainly for supply of milk. Little or no information
on the performance status of cattle breeds in their native environment is
available. AI coverage is less than 20 percent and the AI services are
available mostly at fixed places. Improvement in cattle production is also
directed through feeding, generation of marketing facilities, advisory
services and veterinary aid.

To begin with the cattle breeding policy was to improve the milch and
draught breeds through selection and the local cattle through up-grading.
Herds of pedigreed cattle of various indigenous breeds were established
for production of superior bulls for use in up-grading and improvement
of indigenous breeds in their breeding tracts. The local cattle have poor
growth rate (100-150 g per day), late sexual maturity (age at first calving,
60 months) and low milk production (less than 500 kg per lactation). The
lactation milk yield in some of the breeds like Sahiwal, Red Sindhi,
Tharparkar, Rathi and Gir is about 1 500 litres and in all other breeds is
below 1 000 litres. Although some increase in milk production through
up-grading of local cows with improved indigenous breeds was obtained,
the impact of these programmes was limited because of reluctance from

Cattle breeding programmes in India

V.K. Taneja

Animal Husbandry Commissioner, Department of Animal
Husbandry & Dairying, Krishi Bhawan, New Delhi-110 001
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farmers to castrate scrub bulls and due to non-availability of sufficient
number of good pedigreed bulls of improved indigenous breeds. Other
limitations of the up-grading programme were, the low yield levels of the
improver breed used, long generation interval in indigenous breeds and
five to six generations needed to up-grade the level of improver breed. As
local cows are the core of our action plan, indigenous breeds having
lactation milk yield of more than 2 000 kg, need be to be used in up-grading
programmes. Bulls with such potential are rarely available. Progeny testing
programmes on organized farms for some important indigenous breeds
were also initiated for testing bulls for milk production using 300 cows
and ten bulls in a breeding cycle of 18 months. This system also failed to
make any impact.

Considering the need for rapid increase in milk production, cross-breeding
of local cattle with exotic breeds in hilly regions and in urban areas around
industrial township was started in 1961 as a matter of policy with the
provision that bulk of the exotic inheritance should come from Jersey;
Brown Swiss and Holstein may be tried on a limited scale. Subsequently,
breeding of Holstein was allowed in areas which could support higher
milk production. In hilly regions, use of Brown Swiss and Red Dane was
recommended with exotic inheritance between 50 and 75 percent.

Cross-breeding work on scientific lines was initiated between 1910 and
1930 in various institutes and military farms. Between 1960-1970, planned
cross-breeding experiments were initiated to answer some questions about
the choice of exotic breeds and the level of exotic inheritance to be
introduced through cross-breeding. Simultaneously, cross-breeding work
in field conditions was initiated under bilateral aided projects focussing
on synthesis of high yielding cross-bred strains of cattle.

Analysis of some of the well designed pure-breeding and cross-breeding
programmes have been made to assess their impact including identifying
their strengths and weaknesses and are used as input for re-designing the
breeding programmes to make them more effective for bringing about
faster genetic improvement in cattle productivity.

Analysis of selection schemes for milk yield in the indigenous breeds
revealed that genetic gains, in general, were negative or insignificant and
had large standard errors. Genetic gain in milk production in a closed
Hariana herd at a Government Livestock Farm at Hisar, which had been
under selection for over 20 years, was estimated to be 10 kg or 1.5 percent
of average first lactation milk yield per year. Although, the bulls used
were selected from high yielding dams on the basis of pedigree and type,
the progeny test information in retrospect indicated most of them had
poor milk potential transmitting ability. Similarly, analysis of data of the
Tharparkar herd at the National Dairy Research Institute, Karnal
(1936-1971), where young breeding bulls were selected on the basis of

Selection
within
indigenous
breeds
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their dam’s milk production, revealed that genetic gains in first lactation
milk yield though insignificant were negative. The environmental trends
were also negative. The milk production over the years in fact declined
from 2 199 kg in 1936 to 1 443 kg in 1971. The genetic trends in 305 day
first lactation milk yield in Sahiwal and Hariana herds in Uttar Pradesh
were estimated to be 5.04 ± 0.48 and –0.82 ±0.26 kg/year, respectively.
The negative genetic gain in the Hariana herd could be due to the use of
bulls of inferior genetic merit, lack of systematic breeding plan and little
or no culling of low producers. These selection studies suggested that
final selection of bulls for intensive use for artificial breeding should be
based on progeny test information only. Small herd size and use of few
sires and few daughters per bull were the major limitations of these
selection schemes. Non-existence of semen freezing facilities at some of
these farms also contributed to the failure because by the time bulls became
available after testing, they were too old to produce enough semen. There
was hardly any culling of females on the basis of milk production in these
herds.

In order to overcome the problem of small herd size, linking of the
farms/herds of the same breed was adopted to increase the population
size. Accordingly, progeny testing programmes for Sahiwal, Hariana and
Angle breeds by associating the existing herds were initiated. The
programme for Sahiwal was started in 1978 and involved testing of six to
eight bulls/cycle using an approximate herd size of 700 breedable cow’s
spread over seven farms. A total of 33 bulls were used for progeny testing.
Examination of the breeding value of the first two sets of bulls revealed
that genetic superiority in the first and second set of bulls ranged
from -0.2 to 9.5 percent and -15.6 to 12.9 percent, respectively. Bulls in a
set were spread over four years which is too long a period. Only
25.4 percent of the breeding bulls produced freezable quality semen. The
trait may be breed specific as Sahiwal bulls are lethargic in nature and
many of them had poor libido. This would, however, call for raising four
times the bulls required for semen production.

The programme for Hariana and Ongole breeds was started in 1986 and
involved the recording of a minimum 12 female progeny for milk and five
progeny per bull for draught. Averages of age at first calving, first lactation
yield, first lactation length and first calving interval in various herds ranged
from 44 to 61 months, 732 to 1 044 kg, 208 to 280 days and 15 to 17 months
in Hariana cattle and 37 to 60 months, 407 to 778 kg, 179 to 261 days and
16 to 23 months in Ongole cattle. Surprisingly, milk production in first
lactation of cows in the central unit both for Ongole (407 kg) and Hariana
cows (790 kg) was lower than the associated herds (638-778 kg). This was
perhaps due to the fact that more emphasis was placed on physical breed
characteristics while selecting cows from the field for central units.
Preliminary evaluation of Ongole bulls for first lactation milk yield revealed
that the progeny average for milk yield of bulls having more than ten
daughters ranged between 437 and 495 kg. At the rate of one percent
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genetic improvement per year, around 80-100 years would be needed to
double the milk production. The major limitations of these programmes
are (1) very long generation interval, around 15 years in Ongole; and (2)
low milk yield of the two breeds. This project will answer the nature of
the relationship between milk and draught and is being pursued with
this focus only, although it is known that the two traits are negatively
correlated.

Policy of pure-breeding in indigenous cattle breeds did not show any
significant improvement due to non-availability of proven sires, lack of
extension support and absence of breeder organizations/programmes for
each breed. In view of focussing on improving yield levels of local cows
through up-grading with selected indigenous breeds and conservation
and improvement of indigenous cattle breeds, a large number of bulls of
indigenous cattle breeds are needed to be produced use through AI or
natural service to support breeding programmes of up-grading of local
cows and selective breeding in defined breeds. Accordingly, breeding
programmes to produce quality bulls for important indigenous milch
breeds, for example, Sahiwal, Rathi, Gir and Tharparkar, need to be
strengthened by networking the existing herds and involving farmers’
animals in the breeding tract into a breed improvement programme. This
is a difficult target and the costs are rather high.

Cross-breeding experiments have been undertaken both in the institutional
herds and in field conditions to answer questions like superiority of exotic
and indigenous breeds, level of exotic inheritance, non-additive genetic
variance for milk production, genotype x environment interactions and
synthesis of new breeds using cross-bred populations. Holstein, Ayrshire,
Jersey, Guernsey, Red-Dane and Brown Swiss breeds have been used in
cross-breeding. The information on the crosses generated has been
analysed in relation to questions raised and results reported by a number
of workers. Results are mostly available on two breed crosses barring a
few planned experiments where three-breed crosses were also produced.

The results of various cross-breeding experiments have clearly
demonstrated that increase in milk yield in cross-breds over the indigenous
breeds was two to three fold. Friesian was the breed of choice for higher
milk production. Jersey crosses had some advantage of early maturity
and better reproduction but on over all merit, they were inferior to Holstein
crosses. The ranking of the exotic breeds based on milk production was
Holstein, Brown Swiss, Red Dane and Jersey. The exotic inheritance
between 1/2 and 5/8 was most ideal for growth, reproduction and milk
production and that grades with higher exotic inheritance had
comparatively higher mortality and more reproductive problems than
halfbreds. Differences among the Friesian crosses with various improved
indigenous breeds (Sahiwal, Red Sindhi, Gir, Hariana) on military farms
were insignificant thus suggesting that superior zebu breeds have nothing

Cross-breeding



449

Taneja

ICAR Technical Series - No 3

different to contribute in cross-breeding. The decline in milk production
from F1 to F2 generations on account of interse mating attributable to
heterosis was small. The large decline in some of the experiments was
due to poor quality of cross-bred bulls used.

The Indo-Swiss Project in Kerala started in 1963 with the objective of
developing a multipurpose breed for milk, draught and meat through
cross-breeding of local cattle with Brown Swiss bulls. The project envisaged
cross-breeding of local cattle with Brown Swiss bulls to produce halfbreds.
These halfbreds were bred inter se and to Brown Swiss bulls to produce
1/2 and 3/4 grades. The 1/2 and 3/4 grades produced were crossed
reciprocally to generate foundation population of 5/8 grade which were
subject to interse-mating and selection and were called Sunandini. The
origin of Sunandini can be traced to importation of 22 Brown Swiss bulls
and 45 cows between 1964 and 1967. Subsequently, semen from 11 more
bulls was imported. The major component of zebu in the Sunandini breed
is the local non-descript cattle; although some attempts were made to
introduce Sahiwal, Gir and Kankrej into the population. Halfbreds
produced through mating of local cattle with Jersey, Holstein and American
Brown Swiss bulls now also form part of the Sunandini population. From
the multipurpose breed, the focus is now on breeding Sunandini solely
for milk and the present policy is to have exotic inheritance around
50 percent from Friesian/Brown Swiss.

The average adult Sunandini cow at 48 mth weighs around 375 kg while
Sunandini bull weighs 574 kg. Averages for age at first calving, service
period and calving interval in Sunandini cows in the nucleus breeding
stock were 32.2 + 0.19 months, 148.2 + 3.08 days and 424.5 + 3.32 days.
There is scope for reducing the service period. The first laction milk yield
was 1 914 + 27.8 kg with fat percent being 3.97 + 0.02. The milk yield
increased over the lactations and was 3 024 + 68.8 kg in the fourth lactation.
Average age at first calving in recorded cows was 42.17 + 0.07 months.
First standard lactation in recorded Sunandini cows increased from
1 480 kg in 1983 to 1 830 kg in 1991. The average annual increase is
2.9 percent which is both genetic and due to improved management.

The progeny testing programme to estimate the breeding value of
cross-bred bulls based on milk recording of farmers’ cows was started in
1977 and proven bulls are being used to produce young sires for extensive
use through AI. The project has a well established field performance
recording system and excellent bull rearing and semen freezing facilities.
Some of the problems facing the progeny testing programmes are:
i) long generation interval (around nine years);
ii) poor reproductive performance of cross-bred bulls, only 27 percent of

bull calves contributed to semen production;
iii) large variation in management practices;

Indo-Swiss
project
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iv) tracing accuracy of parentage of calves born; and
v) difficulties in performance recording because herds are small and

scattered. The data revealed that only 14 percent of the progeny of AI
resulted in completed first lactation.

It is important to mention that between 45 and 73 percent of the cross-bred
bulls up to six years of age were culled on account of poor individual
semen mortality, poor or no libido, aspermia/oligospermia while those
between four and 19 percent were culled due to other reasons. These data
suggest that a much larger number of cross-bred males need to be produced
to select the required numbers to be put to the progeny test so as to have
reasonable intensity of selection. Herd size with farmers varied from one
to three cows. Milk recording was done once a month and records used
for predicting 300 day milk yield. A genetic model with effects like AI
centre, sire of cow, type of dam, month and year of calving, age of cow
and sex of calf explained only 21 percent of the variation in milk yield.
Lower variability accounted for due to the model was attributed to small
herd size. It was suggested that animals should be grouped into herds
according to feeding/production level, which is impractical.

The major problem is that there is no selection intensity on the male side
as the number of bulls tested is hardly sufficient for semen production
required by the State. There is no improver herd which is well defined.
The only selection intensity available is through selection of young bulls
who are progeny of proven bulls. The progeny testing programmes in
this situation have little relevance.

The Indian Council for Agricultural Research (ICAR) initiated a large
cross-breeding project on five locations, for example, HAU, Hisar, IVRI,
Izatnagar, JNKVV, Jabalpur, MPKVV, Rahuri and APAU, Lam using Jersey
(J), Brown Swiss (B) and Holstein-Friesian (F) as exotic breeds and Hariana,
Gir and Ongole as indigenous (L) breeds. The objective was to produce
halfbreds (FL, BL, JL) and 3/4 grades with two exotic breeds and test
them for growth, production and reproductive efficiency with the
possibility of developing them into breeds suitable for specialised dairy
farming. The Hariana breed at Hissar and Izatnagar and Ongole at Lam
were crossed with all three exotic breeds while Gir units at Jabalpur and
Rahuri used two exotic breeds, for example, Friesian and Jersey. Breeding
of Brown Swiss to Jersey halfbreds and Jersey to Brown Swiss halfbreds
was later discontinued. Accordingly, the number of 3/4 genetic groups
was reduced from six to four at Izatnagar, Hissar and Lam and from four
to three at other units. It was also decided that halfbred females should be
disposed of as soon as the targetted number of 3/4 grades was produced.
This was done to accommodate the required number of 3/4 genetic groups
as the carrying capacity of each unit was not more than 400 adults and
followers.

All India
Coordinated
Research
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cross-breeding
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Evaluation of results revealed that there were significant differences among
the three halfbred groups and that FL were superior to BL and JL halfbreds.
The best genetic group at all the locations was the FL. There were little or
no significant genetic group differences among the 3/4 grades for
important economic parameters. It was thus suggested that FJL and JFL
and FBL and BFL should be merged and FJL and FBL sires be used to
breed the merged groups. FL and 3/4 merged groups after interbreeding
should form the foundation herd for developing new strains of cross-breed
dairy cattle. Furthermore, interbreeding among halfbred and 3/4 grades
would provide answers to one of the major questions regarding breeding
of cross-bred populations. It was also decided that genetic evaluation of
FL and 3/4 grades should be made on the basis of overall economic
efficiency. The project was wound up in 1986. The knowledge gained from
this experiment was used for synthesis of cross-bred dairy strain using
Friesian x Sahiwal cross-breds (around 24 000 breedable females) available
at military dairy farms. At the end of the experiment around 547 breedable
females in FL, 971 in FJL + JFL and 702 in FBL + BFL groups were available
in the project. These populations were large enough for synthesis of
cross-bred strains. Unfortunately, this option was not pursued.

The technical programme of the project has undergone frequent changes.
The production of a target number of halfbreds in a given time frame was
seriously affected due to poor reproductive efficiency of indigenous breeds
used. Against the assumption of 30 female calves from 100 indigenous
cows, only 15 were produced in the project. The halfbreds and 3/4 grades
were produced at different times and were not contemporaries.
Three-quarters were produced at a time when there were more constraints
both in terms of physical facilities and inputs and this also affected their
performance. The comparison between 1/2 and 3/4 grades needs to be
made with caution. The decision to remove the halfbreds after producing
requisite number of 3/4 grades eliminated the possibility of contemporary
comparison of 1/2 and 3/4 groups.

Cross-breeding of Sahiwal and Red Sindhi with Brown Swiss was initiated
in 1963 to evolve a new dairy breed Brown-Swiss breed famous for its
high milk yield, better heat tolerance and draught capacity was chosen.
Semen of bulls with a progeny test index between 6 000 and 7 000 kg of
milk was used. The interse mating in these crosses was practised for three
generations and cross-breds were named as ‘Karan Swiss’. Cross-breds
were about 5-6 kg heavier at birth and had higher growth rate than
Sahiwal/Red Sindhi. The age at first calving, service period and calving
interval were much lower and milk yield higher in Karan Swiss than
Sahiwal/Red Sindhi. The 305 day first lactation yield was higher in
F1 (2 859 + 34 kg) than in F2 (2 183 + 84 kg) and F3 (2 296 + 46 kg) crosses.
The large decline in F2 crosses was mainly due to non-selection of
F1 cross-bred sires. About five to six sires per set were tested. Each set of
bulls was used over three to five years which is too long a period. The
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breeding cycle should have been restricted to 18 months even if it meant
reducing the number of bulls to be tested. Analysis of sire indices indicated
that genetic superiority of bulls ranged from –22.1 percent to 13 percent,
-9.1 percent to 20.9 percent and –23.2 percent to 8.7 percent in sets 1, 2 and
3, respectively. The 305 day first lactation milk yield in Karan Swiss cows
in general showed an increase from 2 427 kg in 1981 to 3 312 kg in 1993
while thereafter a large decline was noted. A large decline in milk yield
between 1992 and 1997 was due to the fact that 80 percent sires used in the
third set were below the herd average. Deterioration in management during
this period was also responsible for the decline. Only 31 percent of the
cross-bred bulls donated good quality semen. Apparently 69 percent of
the selected bulls did not even enter the test. This would call for the
numbers to be raised at least three times, to achieve the required selection
intensity.

A large reduction in number of cows (adults) has taken place over the
years (207 in 1981 to 59 in 1998). This was due to higher annual culling
rates in heifers/adults due to poor reproduction (18.2 percent) and low
milk yield (7.4 percent). The conception rate in Karan Swiss cows was also
low being 39.4 percent. Heavy mortality (47 percent) up to six months
during 1992 and 1998 also led to depletion of the herd.

The semen of Karan Swiss breed was used in cross-breds in the ORP area
of NDRI, Karnal. The institute neither developed a performance recording
system nor extended a sire testing programme in the field. The field testing
programme should have in fact been started after F3 generations were
produced at the institute. Such an approach was the only viable alternative
to enlarge the base of the Karan Swiss breed and their further improvement
through selection.

The breeding objective in dairy cattle was to increase milk production
through up-grading of local cows, selection within indigenous breeds and
cross-breeding mostly of local cows with various European and American
dairy breeds to produce cross-bred grades for commercial milk production
and to evaluate them for their suitability in a tropical environment.
Comparisons among various breed groups have mostly been made on
the basis of individual first lactation and lifetime traits and these together
have not been used to study the overall merit of a given genotype. Criteria
like feed cost/unit of milk production and profit/cow/year have not been
used to define breeding goals. Information on breeding and health
parameters of non-descript cows, defined indigenous breeds and
cross-bred cattle in field conditions is hardly available. These data need to
be generated to devise breeding programmes for improving cattle
productivity.

Analysis
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India according to the 1992 livestock census, had 63 million breedable
cows, of which 6.4 million were cross-breds and 56.3 million indigenous
(approximately 8 million defined breeds and 48 million non-descript cows).
Apparently, a large number of quality bulls of defined indigenous breeds
would be needed for breeding indigenous breeds and up-grading large
proportion of local cows. Breeding programmes did not show any
significant genetic improvement in cattle productivity because of
non-availability of proven bulls. Programmes therefore for production and
testing of bulls of indigenous breeds and cross-breds shall have to be
strengthened. The emphasis should be to develop breed societies, introduce
performance recording and link the existing breeding farms and farmers’
animals into the breed improvement programme for milk. The cross-bred
populations should be synthesised into a breed development programme
with performance recording and sire testing as an integral part of it. In
view of limited performance recording and long generation interval in
indigenous breeds and cross-breds in field conditions, MOET should be
used for production and testing of sires. The bull production programmes
should be coordinated at national level.

The progeny testing programme in field conditions has its own
limitations. Between 75 and 80 percent of cross-bred female calves
identified and registered were lost before completing first lactation. Herd
size is very small and it is not possible to produce contemporaries for
accurate sire evaluation. A large number of cross-bred bulls (40 to
70 percent) are eliminated on account of poor semen quality, poor or no
libido, aspermia/oligospermia and other reasons. These data suggest that
a much larger number of cross-bred males need to be produced and raised
to select the numbers required for progeny testing in order to have a
reasonable intensity of selection. Similar data on male reproductive
efficiency of indigenous breeds need to be generated. The generation
interval which was eight to nine years in cross-breds and 12 to 15 years in
indigenous breeds needs to be further reduced to achieve higher genetic
gain per year.

Genetic models using field records explained 16 to 21 percent of variation
in milk yield. Poor accuracy of sire breeding values resulted from errors
due to no correction for sire’s age, exotic inheritance of the cross-bred
dam, large differences between herds and small herd size. Developing
appropriate methodologies for standardisation of field records for sire
and cow evaluation should therefore, be a priority.
Recommendations

Genetic progress in indigenous and cross-bred herds with a population
size of 200-300 breedable females and eight to ten bulls is not possible
even in institutional herds for reasons of high mortality, poor growth and
poor reproduction, etc. The only alternative is to have large field
programmes of performance recording with progeny testing as an integral
part of it to support breed improvement.
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Culling in cows is not possible due to economic and religious reasons.
Selection pressure for increasing milk production, therefore, mainly comes
from sire selection. Breeding programmes to produce quality bulls should
be strengthened by networking the existing herds and involving farmers’
animals in a breed improvement programme. Test and improver herds
should be clearly defined.

Reproductive efficiency in indigenous breeds is rather low in a low input
environment. Around 15-20 female calves are born per year per 100 cows
in the field. These data should be used while developing breed
improvement programmes, for indigenous breeds.

A minimum of 40 daughters per bull spread over four to six locations
would be essential for evaluating a bull for milk yield with reasonable
accuracy. With only around 20-25 percent of total female calves born and
registered completing the first lactation in field conditions, 320-400 cows
should be allotted to each bull to have around 40 recorded daughters for
first lactation milk yield.

In view of limited success in performance recording and a long generation
interval in indigenous breeds and cross-breds in field conditions, MOET
should also be used for production and testing of sires.

Problems of culling of a large number of cross-bred bulls due to poor
semen quality, libido and freezability, need to be looked into. Two to three
times the number of cross-bred bulls needed should be produced to have
the requisite number of bulls for semen production. The data on male
reproductive efficiency of indigenous breeds, which is scanty, should also
be generated immediately.

Appropriate methodologies for use of field records for sire evaluation
should be standardised.
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The major objective of this paper is to describe the genetic improvement
programmes implemented by the National Dairy Development Board
(NDDB) in buffaloes in six districts in Gujarat and outline the experiences
gained in designing, running and sustaining breeding programmes that
are relevant to developing breeding strategies in low to medium input
production environments in developing countries.

The NDDB has initiated a comprehensive programme of milk recording
and genetic improvement of animals referred to as ‘Dairy Herd
Improvement Programme Actions (DIPA)’ in a few selected districts where
the infrastructure of artificial insemination has been well established. The
first DIPA programme was started in 1987 by the Mehsana District
Cooperative Milk Producers’ Union in the Mehsana district for selective
breeding of  Mehsana buffaloes. Later, in 1989 the Kheda District
Cooperative Milk Producers’ Union initiated a DIPA programme in the
Kheda district for up-grading of local non-descript buffaloes with Murrah
bulls. In 1992 another four cooperative unions namely the Sabarkantha
District Cooperative Milk Producers’ Union, Baroda District Cooperative
Union, Panchmahals District Cooperative Unions and Surat Cooperative
Milk Producers’ Union in collaboration with the Sabarmati Ashram
Gaushala (SAG) initiated a similar programme for up-grading the local
non-descript buffaloes with Murrah buffalo bulls in their districts. These
district milk cooperative institutions are farmer-owned organizations
collecting, processing and marketing milk of their member producers. In
1998-99 these six cooperative unions together collected and  processed  on
average 3.2 million litres of milk a day. These organizations also provided
technical input services to their member producers, like artificial
insemination, cattle feed, fodder seed and veterinary health care. DIPA
programmes are integrated with the other services provided by the unions
for enhancing milk production.  Before details of  the DIPA programmes
are provided, it may be worthwhile to know about the buffalo populations
that are intended to develop in these six districts.

Buffalo breeding
programmes in India

K. R. Trivedi

National Dairy Development Board (NDDB),
Anand, India, 388 001

Introduction
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All six districts have proportionately more buffaloes than cows (see Table
1). About two thirds of the total breedable animals are buffaloes. Buffalo
milk production constitutes about 70 percent of the total milk produced
in these districts.

In Gujarat, buffaloes are primarily kept for milk production, but they also
provide meat. They are not used for draught power. They provide manure
which forms an important source of organic matter to the soil increasing
productivity of soil in a sustainable way.  Dung is used as fuel for cooking
and it constitutes the major fuel supply for many farmers in rural areas.
Dung is also used for production of  biogas which provides an alternative
to fuel wood in rural areas. Buffaloes are considered to be more efficient
converters of poor quality roughage than cattle.

Target
population

Table 1. Number of buffaloes, milk production, AI coverage and DCSs under DIPA in six districts.

Particulars Mehsana Kheda Sabar Baroda Panch Surat
No. of villages 1 093 970 1 395 1 651 1 908 1 185
No. of households in ‘000 550 643 325 567 463 629
 Breedable Females in ‘000:
   Buffaloes 362 413 261 20 2 231 140
   Cows 113 102 112 111 177 98
Predominant Buffalo Breed
Other

Mehsana ND
Surati

ND
Mehsana

ND ND ND
Surati

Milk prod.in ’000 tons/year
    Buffalo 437 374 213 157 141 115
    Cow 125 137 81 65 61 56
 Total DCSs 984 985 1 556 884 1 107 917
 DCSs under AI 435 863 313 420 550 448
 DCSs under DIPA 33 50 30 35 30 40
 % recorded buffalo
population

4 6 3 2.5 2 3

DCS: Dairy Cooperative Society; ND: Non-descript buffaloes

More than 70 percent of households have animals. Farmers have one to
five animals. Very few farmers will have more than five animals.  Farmers
in villages live near to each other in conglomeration, and hence, they learn
from each other and often follow common management practices. Buffaloes
are largely maintained on crop residues and agricultural by-products and
supplemented with green fodder and concentrate. They are mainly looked
after by women. The production systems followed could be categorised
as low-to-medium input systems.
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The Mehsana district has predominantly Mehsana buffaloes, while the
other five districts have non-descript buffaloes or non-descript buffaloes
crossed with either the Murrah, Mehsana or Surati.  A brief description of
these breeds is given below.

The Mehsana breed arose from crosses between Surti and Murrah breeds.
The home tract of this breed is the Mehsana district in Gujarat and they
can also be found in the adjacent districts of Sabarkantha and Banaskantha.
Mehsana buffaloes are also found in the Ahmedabad and Gandhinagar
districts and in Bombay. These buffaloes are black in colour with white
markings on the face or a white switch are not preferred. These are
considered disqualification for the breed. Their horns are short and initially
they assume a sickle shape similar to the Surati breed, but later turn
upwards and form a curve similar to the Murrah buffaloes. Compared
with the Murrah, the Mehsana has a longer body. Mehsana buffaloes have
a reputation of being persistent milkers and regular calvers. Lactation
yields of Mehsana buffaloes vary from 1 500–2 000 litres. Elite Mehsana
buffaloes produce more than 3 000 litres in one lactation.

The Murrah is the most popular breed in India. These buffaloes originate
from the Rohtak, Hissar and Jind districts of Haryana and the Napha and
Patiala districts of  Punjab State in North India. The buffaloes have spread
to many parts of the country for commercial production. Murrah bulls
are extensively used for up-grading local non-descript buffaloes and have
been used in many countries including Brazil, Bulgaria, China, Egypt,
Italy, Malaysia, The Philippines and Thailand, etc.  The average lactation
yields of Murrah buffaloes in institutional herds have been reported to be
between 1 500 and 2 000 litres. Some elite buffaloes in their native tract
produce more than 3 000 litres.

Non-descript buffaloes in these districts are mostly crosses of  the Mehsana,
Murrah and Surati breeds. They produce between 1 000 to 1 500 litres in
one lactation.

As seen in table 1, the cooperative unions have established village level
dairy cooperative societies in more than 90 percent of the villages in their
respective districts, except the Baroda and Panchmahals district cooperative
unions which have covered about 60 percent and 70 percent of villages,
respectively. These cooperatives unions collect more than 90 percent of
the milk available for sale by farmers from the villages where village dairy
cooperative societies have been established. These districts already have
very large buffalo and cow populations. As each district in Gujarat has a
dairy cooperative union, it is common understanding among unions that
every dairy union will only collect milk from its own district.  It was
therefore imperative to each of these cooperative unions that unless they

Breeds
involved

Mehsana

Murrah

 DIPA
Programme

Need for initiation
of DIPA
programme
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plan to increase the productivity of buffaloes and cows in their district,
they would not be able to expand their business. The DIPA  programme
in fact was initiated by these unions primarily to increase the productivity
of cows and buffaloes in their district.

Indian consumers prefer milk with high fat percentage. A number of milk
products are made from milk. Milk and milk products are an essential
part of the diet across regions, age and income groups and in rural and
urban areas. A variety of sweets (with very high fat percentage) made
from milk, are considered valued products and are widely consumed.
The village level dairy cooperative societies pay the producers on the basis
of  volume or weight and fat content.  These trends are likely to be
continued and it is expected that milk with a high fat percentage will
continue to be preferred by the Indian consumers for many years to come.
High volume and high fat percent or high kilo fat production are therefore
considered as the key goals for improving productivity of buffaloes.

The core breeding strategy adopted for the genetic improvement of
buffaloes in all six districts is progeny testing of buffalo bulls involving
farmers in selected villages. In the Mehsana districts, a straight-breeding
strategy has been adopted to improve the Mehsana buffaloes of the district.
In the Kheda district, a strategy of cross-breeding of local non-descript
buffaloes with the Murrah breed has been implemented. Here the plan is
to use Murrah bulls obtained from the Murrah breeding tract in Punjab
and Haryana for two generations and then follow the strategy of
straight-breeding in the resulting up-graded buffalo population as in the
case of the Mehsana district. A similar breeding strategy has been planned
in the third programme jointly implemented by the Sabarkantha, Baroda,
Panchmahala and Surat milk unions and the SAG.

The core design adopted in all three programmes is depicted in figure 1.
A set of ten to twenty bulls are tested every year. About 30-50 villages,
each village having 200-300 breedable buffaloes, are selected for the
programme in each district. This means, about 6 000 to 10 000 breedable
buffaloes in each district or two to six percent of the total breedable buffaloes
are selected for the programme. This population is referred to as the
recorded population of the DIPA  programme. At present, 40 percent of
villages overall in the six districts have facilities for artificial insemination.
This means about 0.65 million buffaloes constitute the target population
which is intended to be improved through the DIPA programmes. The
cooperative unions have planned to increase their AI service to about
70 percent of villages in the next five years. The base population therefore
will increase to some one million buffaloes in another five years.

Breeding goals

Breeding plan
design
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Some 2 000 semen doses per bull are distributed in DIPA villages in a
way that the number of daughters born to all bulls tested in each village
across all DIPA villages would more or less be equal. To achieve this, a
bull wise semen distribution schedule is prepared. Semen doses of all
bulls tested are distributed each month. Each DIPA village gets semen
doses from only one bull. Semen doses of different bulls are used in each
DIPA village every month and it is ensured that within a year, the
maximum of bulls tested are used in each DIPA village and across all
DIPA villages. This ensures production of daughters of bulls tested in
most villages and in all months. Apart from test doses, a minimum of
5 000 doses per bull are stored till progeny test results of bulls tested are
available. The stored doses of some top bulls are later used for a nominated
service to produce the next generation of bulls.

When any village is selected for a DIPA programme, all breedable buffaloes
of that village are eartagged with a plastic eartag having an eight-digit
number. All eartags are supplied by the NDDB to ensure that no number

                        Recorded Population (3 to 5 % of the total population)

Set of 10-20 bulls
tested every year; Test AI: Daughters born
5 000 doses per bull 2 000 per bull 250/bull
stored.

 Daughter Records:
Ranking of bulls 60-100 per bull

Nominated Service

Selection of top two 200 Elite daughters
bulls out of all bulls

Put to test

         Bull Rearing Farm Selection of bull calves:
30-40 every year

Semen doses of selected
Bulls for AI

Base Population

Figure 1. Breeding Plan of DIPA Programme.
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is repeated. The last digit of an eight-digit number written on the eartag is
a check digit derived from the other seven digits. While registering
buffaloes under the programme, information on breed type, number of
lactation completed, in milk or dry and age or date of birth is collected.
When a registered buffalo is brought for insemination at the village society
for insemination, it is inseminated with a semen dose from the semen
doses of a particular bull supplied to that society for that month. If any
buffalo has not been eartagged, it is eartagged at the society. At the time
of insemination, information on date of insemination, number of service
bull, batch number of semen dose and inseminator code is recorded.
Pregnancy diagnosis is carried out once  a month in every society by
persons employed by the dairy cooperative union. At the time of pregnancy
diagnosis, the code number of  the person who carried out the pregnancy
diagnosis and date and result of pregnancy diagnosis are recorded. When
registered, buffalo calves, date of calving, sex of calf and any genetic defect
observed are recorded. Every female calf born is eartagged.

Every female calf born under the programme is followed during growth.
As an incentive to farmers participating in the programme, all farmers
having a female calf born under the programme are given five bags of
cattle feed (350 kgs feed) over a period of one and a half years. Cattle feed
to farmer is supplied in five to ten instalments. At the time of supplying
the next instalment of cattle feed, the weight of the calf is estimated by
measuring length and heart girth by the visiting supervisor who decides,
based on weight gain, whether the next instalment of cattle feed is to be
supplied to the participating farmer. Apart from providing an incentive
to farmers, the practice of feeding an equal amount of cattle feed to all
calves born has reduced to some extent, management differences followed
by different farmers and helped in identifying true genetic differences.

When daughters are in heat they are inseminated and three to four months
later they are pregnancy-diagnosed and when they calve, their calving
details are recorded. Each daughter born under the programme is milk-
recorded once a month, morning and evening, by the village level
inseminator who is paid for every milk recording. Milk recording is done
by a measuring jar. At the time of milk recording a sample is taken in a
sample bottle for fat testing. Fat testing is done in the village at the society
building. Every village dairy cooperative society uses fat testing equipment
for testing fat content in milk supplied by farmers in order to decide the
price per litre to be paid to farmers. Milk payment to individual farmers is
made on the basis of volume or weight and fat test. Monthly milk
recordings of each daughter are continued until it completes its lactation.

All events of the programme starting from registration of dams, their
insemination, pregnancy diagnosis and calving, birth details of female
calf, body weights of calf, insemination, pregnancy diagnosis, calving and
monthly recording of milk and fat test for whole lactation of daughters
born, are all recorded through the Management Information System
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(MIS-DIPA) developed for the programme. Data collected on a monthly
basis in different formats are processed at the Union’s headquarter and
many reports are produced to evaluate the performance of buffaloes,
villages, bulls, inseminators, supervisors, etc. Since farmers have just one
or two animals, information like animals to breed, animals to examine for
pregnancy diagnosis, animals to calve, animals to dry off, animals crossed
more than three inseminations per conception, etc., generated through
the MIS-DIPA is not of great relevance to an individual farmer. They in
any case have all the information and any such output does not provide
any additional information. However, when output is produced for all
farmers within a village comparing performance of each individual farmer
with all other farmers, the comparative performance report becomes very
informative and provides very valuable information to each individual
farmer to evaluate his  own  performance and adopt improved practices
followed by better performing farmers. An action list for a village taking
into consideration all animals of the village, is also produced. For a village,
village comparative performance reports become very valuable. Poor
performing villages can find out why the performance of their village is
poor in relation to others and can jointly decide together what they need
to do to improve overall performance of their village. All  such outputs
are produced in the local language and are displayed in the dairy
cooperative society so that all farmers can see their performance in relation
to others when they come to deliver their milk to the society. Reports are
also produced for supervisors and inseminators which help in evaluating
their performance.

Bull performance reports are produced for evaluating the performance of
all bulls tested with respect to conception, milk production and fat
percentage of their daughters. Bulls are ranked on the basis of breeding
values estimated using sire model employing the best linear unbiased
prediction method (BLUP). Right now breeding values are estimated using
the following model:

Y = Wa + Xb + Zc + e
Where:

Y= an observational vector consisting of 305 days standard first lactation
milk yield of daughters,

a= effect of age at first calving assumed to be a continuous variable,
b= a vector of village-year-season effect,
c= a vector of random sire effects,
W, X, Z= are known matrices, and
e= a vector of random residual effect.
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Under the DIPA programme, at present, information on conception, age
at first calving, standard lactation yield and fat percentage have been
collected for bulls on the basis of their daughters’ performance in the field.
As mentioned earlier, breeding values of bulls for milk yield are estimated
using sire model employing BLUP. As more records will be available and
genetic parameters will be estimated more accurately, a multi-traits animal
model would be employed to estimate breeding values of both males and
females together.

As shown in figure 1, the genetic progress in the target population has
been planned to be achieved through selection of sires to breed sires,
selection of dams to breed sire and selection of sires to breed replacement
stock. Higher  genetic gain on the sire to sire path has been sought to be
achieved through increasing selection intensity of sires to produce sires
by putting more and more bulls under test programme, increasing accuracy
of selection of sires by producing as many daughters as possible per bull
and in as many villages as possible by systematic semen distribution
schedule and reducing the generation interval extent possible by putting
sires to test as early as possible. On the dam to sire path,  the higher
genetic progress is planned to be achieved through increasing selection
intensity of dams to produce the next generation of sires by increasing as
many buffaloes as possible under recording and through increasing
accuracy of selection of dams by having at least two lactation records.
Once  bulls are obtained through nominated mating using the top ranked
progeny tested bulls and elite recorded bull mothers, some selected bulls
after they complete their test mating are used for artificial insemination in
the base population, buffaloes of villages having artificial insemination
facilities which are not part of the recorded population.  Thus, a gradual
genetic progress occurs not only in the recorded population, but also in
the base population.

The DIPA programme in Mehsana was started in 1987. So far seven batches
in all 95 bulls have completed their test mating. The semen doses of  the
eighth batch are being distributed.  The overall simple average standard
305 days first lactation yield of daughters born under the programme was
1 946 litres based on  2 846 observations. The progeny test results of the
first four batches or 60 bulls based on more than 30 records per bull are
now available. All new batches of bulls that are tested are now obtained
from the field using top bulls and the top elite recorded daughters in the
field. The DIPA programme in Kheda was started in 1989. So far 57 bulls
have completed their test mating and another 16 bulls are being tested.
The average simple standard 305 days first lactation yield of  recorded
daughters was 1 481 litres based on 1 106 observations. The progeny test
results of the first two batches or  29 bulls are available. At present, bulls
are obtained from the Murrah breeding tract based on recorded dam yield.

Traits included in
the breeding goals
and method used
for dissemination
of improved
genetics

Results achieved
so far
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Still one more batch of Murrah bulls is planned to be used. There after
bulls will be obtained from the Kheda district using top bulls and elite
recorded daughters in the field. The joint milk unions and SAG DIPA
programme was initiated in October 1992. So far 50 bulls have completed
their test mating and another ten bulls are being tested. The daughters of
the first two batches are recorded. In another six months time, progeny
test results of the first batch will be available based on more than 30 records
per bull. The average lactation yield of  daughters which have completed
their lactation was 1 738 litres based on 77 observations.

Table 2. Status of DIPA programmes.

Set No No. of
Bulls

AI/Bull Daughters
Born/bull

Daughter complete
Lact/bull

Avg. 305d 1st

lac. Yld
1.  DIPA  by Mehsana Union, since 1987
1 13 1 714 195 52 1 960
2 20 1 392 135 34 1 910
3 12 2 716 262 58 1 924
4 15 1 493 162 21 2 013
5 12 1 831 163 33 1 962
6 12 1 031 86 5 2 005
7 11 1 604 88
8 12 1 768
2.  DIPA by Kheda Union, since 1989
1 13 5 032 345 42 1 478
2 16 4 844 337 35 1 484
3 17 5 011 363
4 11 11 069
5 16 5 878
3.  DIPA by Sabar, Baroda, Panchmahals and Surat  Unions and SAG; since 1992
1 10 1 914 254 7.7 1 738
2 10 2 017 237
3 10 2 074 240
4 10 2 262 244
5 10 2 463 214
6 10 2 240
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The DIPA programmes have been implemented by the respective farmer
owned dairy cooperative unions under the technical guidance of NDDB.
There is no involvement of the State or the Central Government in the
programme. Each DIPA programme was initiated with the financial
support of NDDB. NDDB met all the cost of implementation of the
programme for the first five years. After five years of implementation of
the programme, a separate corpus fund for each of the three DIPA
programmes was created with the contribution from respective unions
and the NDDB. Each programme at present meets its costs from the interest
earned from the long-term investment of the corpus fund and does not
depend on any external agency for funding. If the cost of implementation
of the programme in any particular year is more than the interest earning,
the additional cost is met by the respective dairy cooperative union.
Farmers do not pay for recording. The fact that the Mehsana Union has
been running the DIPA programme now for almost 12 years, the Kheda
Union for ten years and the other four unions for six years, it indicates
that the programme has been well accepted by the farmers and will be
continued by farmers themselves for many years to come. No legislation
has been formed so far for implementation of the programme. From the
experiences gained, however, NDDB has been planning to evolve
standards for recording of all DIPA activities and a mechanism to ensure
that all participating agencies adhere to the standard set.

A Management Committee with a representative from each union and
the NDDB oversees the implementation of the programme and provide
necessary technical guidance. This Committee meets every three months
and reviews progress made and takes decisions on implementation aspects
of the programme. It approves budgets and reviews expenditures. A
separate investment committee with a representative from the union and
NDDB decides on the investment of the corpus fund. Apart from this,
NDDB provides all help in running and modifying the software used for
data processing and generating required information. NDDB also helps
in analysing the data and estimating breeding values. NDDB organizes
regular training programmes for inseminators, supervisors and officers
involved in implementation of the programme for updating their skills
and knowledge.

The key design peculiarities and activities that have enabled the DIPA
programme to succeed are briefly described below.

Farmers and
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The DIPA programme in each district is implemented by the respective
district cooperative milk producers union. It is integrated with other
activities implemented by the union. Each participating union is a large
dairy cooperative organization that collects milk from village cooperative
societies, processes collected milk into milk and milk products and pays
village societies for their milk. It organizes farmers at the village level to
form independent village dairy cooperative societies managed by farmer
representatives. All such village level cooperative societies in a district
federate into a district cooperative union. A board of directors mainly
elected by the chairman of village cooperative societies, manages the
district cooperative union. At the village level, the village cooperative
society collects milk twice daily from milk producers and pays on the
basis of weight or volume and fat test. The milk collected by the village
level societies is bulked in cans that are collected by the union twice daily
at a pre-specified time. The milk collected by the union is processed into
milk and milk products. Processed milk is sold by the union, while the
products are sold by the Milk Marketing Federation. All milk unions in
Gujarat are federated to the Gujarat Milk Marketing Federation. The union
also provides all inputs like cattle feed, fodder seed, veterinary health
care service and artificial insemination services to farmers.

All  DIPA activities beginning with the registration of farmers and their
animals, insemination (AI) and pregnancy diagnosis of animals (PD),
recording of AI, PD and calving, monthly recording of milk yields and
testing of fat content, supervision of recording, measuring weights of calf
and distribution of cattle feed, collection and processing of data, providing
feed back to farmers and societies, estimation of breeding values and
selection of bulls and bull mothers for production of the next generation
of animals, and dissemination of superior genetic material to the large
population of the district through the creation of the AI network within
the district, are carried out by the same organization.  More coordination
is ensured when all activities are carried out by a single organization  than
when they are implemented by many organizations.

Although, the participating farmers did not initially understand what
benefits the recording system would bring to them, they carried out
whatever was asked of them by union officials as they trusted the Union
and their village cooperative society. However, the following four activities
implemented under the DIPA programme further boosted their interest
and increased their faith in the programme.

• Incentive to farmers in the form of cattle feed for female calves born: for every
female calf born under the programme, five bags of cattle feed (about
350 kgs feed) were given to farmers to feed the calf over a period of
18-24 months. This initially provided sufficient motivation to farmers
to participate in recording activities. However, it helped the programme
in many ways. The early feeding of concentrate to buffalo calves ensured
good growth. Many buffalo female calves grew well, they matured

Implementation of
all activities by a
single
organization

Participation of
farmers in the
programme
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early, came in heat early, conceived early, calved early and gave much
more milk. Many buffalo heifers calved in less than 30 months. This
also increased the market value of their animals considerably. Thus,
supplying cattle feed to farmers provided the first major impetus to
the programme and many farmers came forward to participate in the
programme. It also to some extent reduced the differences in
management of calves and greatly helped in resolving the problem of
treating a village as a herd in a smallholder situation;

• Providing village level performance reports: comparing their performance
with other farmers in the village was additional valuable information
to participating farmers. Such information greatly helped them to
improve their existing feeding and management practices;

• Organization of calf rallies: every year at least one calf rally is organized
in each DIPA village wherein participating farmers bring the calves
born under the programme and compare their calves with others.
Farmers from neighbouring villages also participate in such rallies.
Talking to visiting farmers the participating farmers realise that the
value of their animals has considerably increased. This provides further
incentives to participate in the programme;

• Farmers’ DIPA Programme Monitoring Committee: in some districts a
Farmers’ DIPA Programme Monitoring Committee has been formed
with a few selected chairmen of the DIPA village dairy cooperative
societies. The Committee meets every three months in different villages
and explains to farmers the importance of the programme. They also
take responsibility to ensure that cattle feed supplied to farmers is fed
to female calves born under the programme and not to others. They
also take responsibility to supervise milk recording and improve quality
of data collection, and also provide feed back to officers implementing
the programme.

Each DIPA programme has created a corpus fund with a contribution
from the union and the NDDB. At present the programme meets its
expenditure from the interest earned from the long-term investment of
the corpus fund and does not depend on any external agency for funding.

The NDDB developed its own software for processing data and generating
information for all participants of the programme. Since software was
locally developed, all changes required in the software could be made
locally and the system became increasingly more relevant for the users.
All data processing activities were totally decentralized from the beginning
which helped in the rapid processing of data and provision of information
to farmers and others without delay.

A national organization like the NDDB provides all technical and policy
support to DIPA programmes. The NDDB also provided initial financial
support and created a corpus fund for each programme. The NDDB
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organizes review meetings for evaluating the performance of each
programme and stimulating enthusiasm among the implementing officers
of the unions. It also organizes regular training programmes for
inseminators, recorders, supervisors, data processing personnel and project
managers to update their skills and knowledge. The NDDB gathers the
data together and provides valuable feedback to all participating agencies.
It  centrally estimates and circulates breeding values to all concerned. This
kind of support from a central organization helps in maintaining and
sustaining the programme for a long time.

In the next five years all six districts will have a similar base population. It
is envisaged that after five years, all three programmes will be jointly
operated and each bull tested will be evaluated with more daughter records
spread over many villages across many districts. In this way both the
intensity and the accuracy of selection of bulls could be raised. Over a
period of time more villages will be added in the programme and more
buffaloes will be recorded. This will also help in increasing intensity of
selection of bull mothers for producing sires. At that stage the breeding
value estimation will be carried out centrally by the NDDB and will publish
a common sire directory.

Many village societies are now computerising their operations at village
level. It is envisaged that very soon it will be possible to process the data
collected under the DIPA programme directly in the village and the
information required by farmers for management of their animals will be
generated in the village itself without delays. Participating farmers would
be able to update their files in the society and obtain the necessary outputs
in their own local language.

The data generated under the programme will later be used not only for
management decision of participating farmers and genetic improvement
of local buffalo populations, but also for planning of breed improvement
efforts in other parts of the country. Superior bulls produced under this
programme will be used in breed development in other parts of the
country. Some elite recorded  buffaloes of these programmes were recently
exported to Thailand. In the future, semen doses of progeny tested buffalo
bulls and bulls and buffaloes born using progeny tested semen will be
exported to many other countries.

It is a little early to estimate the genetic gains in the target population due
to the programme, but in the next four to five years, it will be possible to
make precise estimates of genetic change and the benefits the participating
farmers gained from the programme. It would also be possible to carry
out a cost-benefit analysis of the programme and record the benefits such
programmes bring to the participating farmers in particular and to the
dairy cooperative unions and the nation in general.

Changes
envisaged in
the operation
of the
programme
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The State of Kerala located in the south western part of the Peninsular of
India is one of the smaller states (provinces) of India (38 863 km²) with a
population density of 810/ km², which is among the highest in the country.
This has led to a situation whereby the per capita availability of cultivable
land is among the lowest in the country (0.1 ha). Due to the relentless
pressure on land, as a natural sequel, agriculture has been preferred over
animal husbandry in the traditional farming system of the State. Dairying
was being resorted with the purpose of serving only as a supporting
activity by providing milk for domestic consumption and manure. The
agro-climatic conditions prevailing in the State can also be termed as being
hostile to dairying (hot and humid climate almost throughout the year,
scarcity of feed and fodder, prevalence of tropical diseases, high rainfall
and mineral depletion). All these factors resulted in the formation of a
small non-descript type of cattle that was hardy, resistant to disease and
adapted to the prevailing climatic conditions. However, the milk
production potential of these animals was very low (about 400 kg per
lactation). Even in well managed conditions they only yielded up to a
maximum of 800 kg per lactation with an adult body weight of about
250 kg.

The origin of a systematic cross-breeding programme of the State can be
traced back to the advent of the bilateral project, for example, the Indo
Swiss Project Kerala (ISPK) in the year 1963 in Mattupatti, which evolved
later into the Kerala Livestock Development Board (KLDB). The main
objective of the project was to develop a new breed of cattle through
cross-breeding and selection. The concept of the Key Village Scheme which
ultimately resulted in the formation of the Intensive Cattle Development
Project (ICDP) during the late 1960s under the Animal Husbandry
Department and the introduction of lay inseminators under the Dairy
Development Department during the 1970s resulted in rapid and
substantial growth of cross-breeding activity through Artificial
Insemination (AI) in the State. Changed food habits coupled with an
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ever-increasing population increased the demand for milk, which was a
scarce commodity. This prompted the policy makers to take serious note
of the situation and to try and improve the quality of the animals with
respect to milk production. As a step in this direction, a definite cattle
breeding policy was formulated. The implementing agencies were
identified and entrusted with specific tasks aimed at the improvement of
the quality of the animals with respect to their milk production. Today, 70
percent of the cattle in the State are cross-breeds. The milk production
and per capita availability of milk have registered vertical growth during
the last two decades (Figure 1).
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Figure 1.  Milk Production and per capita availability, 1964-65 to 1998-99.

The analyses of milk production in the past have shown that nearly
73 percent of the increase has occurred due to the increase in productivity
of the cross-bred cows. The challenge ahead is how to maintain and further
improve the milk production potential in an environment, which is
altogether hostile to dairying. With the bull being virtually more than half
the herd in an AI based breeding operation, it was fit to begin a sire selection
programme simultaneously. The KLDB during the year 1977 with the
financial assistance from the Government of India started a programme
for the field progeny testing of bulls used in the breeding programme
based on field performance recording of their female offspring.

The KLDB being the agency responsible for the production and distribution
of frozen semen required for AI operations throughout the State, believed
it correct to change the then existing system of bull selection which was
based exclusively on the pedigree, to that of a more scientific and reliable
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method based on the performance of the daughters (progeny testing
programme). It was thus decided to have field performance recording,
which can fit into Kerala conditions.

With low importance given to dairy-based agriculture, individual animal
identification, the basic requirement of a recording system, was absent.
The practice of recording the production/reproduction/management
levels offered to the animals, was virtually non-existent. At this juncture,
it is worth mentioning that in the prevailing situations, there were no
compelling reasons for such a system to be put into practice from the
point of view of the farmers. The absence of a cattle breeding policy was
also one of the main limiting factors.

Field performance (FPR) recording systems available in the temperate
countries were very advanced, thus preventing a repetition in Kerala
conditions. The not so advanced stage of development of the dairy sector,
lack of qualified recorders to man the sophisticated systems of performance
recording, inadequacies in the information levels of the livestock farmers,
etc., were other factors contributing to the difficulties faced to set up a
FPR system.

While designing the system, the inverse relationship between the rate of
genetic progress and the number of traits for which selection is practised
was kept in mind. Developing the recording system was an evolutionary
process. Thus the initial system applied had only those criteria/traits which
could be measured easily and were absolutely essential. To begin with, a
herd book system for individual identification and recording the pedigree
and milk production details, was introduced. As it was difficult to establish
and successfully run such a system in its entire state, it was thought more
practicable to identify areas with a higher concentration of cross-breds
and to implement the system in these areas. A well established AI system
in these areas was a major factor that led to such a decision making process.
The areas from four districts representing a cross-section of the three
geographic zones of the State, (coastal, midland and high ranges) and
qualifying in respect of the above-mentioned criteria were selected and
performance recording was started. The FPR initially had three major
elements, namely, herd book registration, growth and development
recording and milk recording. The organization of FPR is illustrated in
Figure 2.

The female calves born in the identified areas are brought to the herd
book after permanent identification using metal eartags. These female
calves are followed up on a regular basis until their death, sale to areas
outside the operational zones or first calving, whichever comes first. The
process has been a continuous one for the past two decades. To date a
herd book of 88 000 animals has been created and is being maintained

3.1 Design of field
performance
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using a computer programme (Table 1). In order to motivate the farmers
to cooperate with the on-going programmes, a farmer beneficiary
programme like supply of mineral supplements, de-worming medicines,
etc., is carried out. This programme is covering all the animals included in
the FPR scheme. A subsidised insurance programme for the animals is
also being operated in collaboration with an insurance company. The
animals so followed up will be inducted into the field milk recording
programme after calving, if it has been sired by a test bull.

The FPR is updated regularly by incorporating possible additional records
on the performance of these animals with respect to their growth by way
of girth measurements carried out by the milk recorders at regular intervals.
Scoring based on management factors like housing, hygiene, etc., is carried
out once during the initial stage of the first lactation (survey date) by the
supervisors of the KLDB. On the date of survey, the feed and fodder used
for feeding the animals together with their quantities, are also recorded.
Based on the nutritive value of these feed ingredients, the DCP and TDN
value of the feed fed to the animal is calculated. Also the TDN and DCP
requirement is calculated based on the milk yield obtained on the day
nearest to the survey date, 350 kg adult body weight being taken as a
constant for the calculation of the maintenance ration. This being a recent

Figure 2. Organization of FPR and application in a Breeding Programme.
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addition to the field milk recording programme, further streamlining of
the system is required in order to draw meaningful conclusions on its
effects on production and productivity of the cross-bred dairy herd.

The monthly milk recording system is the most widely accepted one within
the FPR system. To carry out the milk recording of cross-bred cattle in the
selected areas, the following possible options were tested:
a) Official milk recording. Appointing qualified personnel as regular

employees and using them for milk recording.
b) Own recording. Where the farmer does the recording himself;
c) Contract recording. Where part-time milk recorders are engaged on a

contract basis.

Before ultimately resorting to the third option, the other two options were
studied carefully. Due to the administrative and prevailing socio-cultural
situation, the first two options were not found to be suitable. Considering
the factors like high cost involved, small herd size with scattered
distribution, the need to have a relatively larger population in the recording
programme and the need to integrate the performance recording into the
progeny testing of cross-bred bulls, it was thought appropriate to engage
part time milk recorders on a contract basis. These recorders were recruited
from local areas.

The animals registered in the herd book and those calved in the selected
area, are entered into a field milk recording system (FMS) and their milk
is recorded at monthly intervals (AM/PM recording) with samples for fat
content analysis. A maximum of ten recordings per cow per lactation is

Table 1. Female calves registered under the herd
book programme.

Years No. of animals
registered

Cumulative
total

Upto 1991 42 318
1991-92 7 049 49 367
1992-93 5 508 54 875
1993-94 6 606 66 481
1994-95 6 490 66 971
1995-96 4 889 71 860
1996-97 5 519 77 379
1997-98 5 222 82 601
1998-99 4 414 87 015

3.4 Field milk
recording
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made. From the recorded milk yield, the lactation yield is estimated by
applying the method of “centering date”. The results obtained are brought
into the herd book. The result of the field milk recording is given in Table 2.

Table 2. Details of cows enrolled for milk recording under
field conditions.

No of cows under milk recording
Years Enrolled Completed

Upto 1987-88 28 149 19 123
1988-89 3 642 2 877
1989-90 2 729 2 610
1990-91 2 823 2 140
1991-92 3 600 2 464
1992-93 2 608 2 946
1993-94 3 049 1 955
1994-95 2 713 2 428
1995-96 2 658 2 178
1996-97 2 715 2 399
1997-98 2 508 2 380

Total 57 192 43 700

From the total cows enrolled, 1 521 are yet to complete milk recording.
Therefore it can be seen from Table 2 that only 78 percent of the cows milk
recorded complete the programme. This can be attributed to high rates of
migration of animals during lactation, mostly sales to other areas.

The average first standard lactation yield in the performance-recorded
area over the years is given in Table 3. It is observed that the lactation
yield has registered a steady increment over the years. The increase
amounts to 3.4 percent over the base year of 1983, which is commendable
in the given situation. This improvement is made possible due to the
synergetic effect of genetic improvement of the cross-bred cattle and the
overall improvement of animal management.

With the dairy animals in Kerala having a scattered distribution and
belonging to small holder agricultural farmers following a diversified
farming system, meticulous follow-up of these animals is a highly labour
intensive process. Initially the farmers were reluctant to cooperate as they
feared official interventions and application of food adulteration laws. A
milk recorder can only record two cows in a day because animals being
recorded are widely scattered since most households keep only one
lactating cow. Cattle migration from the recorded to outside areas
aggravates the problem. Farmers do not fully recognise the importance of

4. Constraints
of FPR in
Kerala
conditions
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FPR in respect of production, reproduction and management parameters.
Although the actual milk recording is a part-time job, often a full day has
to be devoted because the milking takes place twice a day, early morning
and evening. The lack of adequate remuneration to the recorder due to
financial limitations is a contributing factor and obstacles the successful
operation of the whole system. Another major hurdle is the
inter-departmental relation. The AI, maintenance of breeding records and
identification of the farmer and the cow are the responsibility of the
Government Department while the FPR is under the KLDB. This at times,
results in difficult access to records. The frequent transfer of personnel,
changes in policies and programmes of these departments, etc., also
influence the efficiency of FPR The recorded animals are owned by a large
number of farmers spread across a large area and the accuracy of the
records is influenced by the enormous environmental variation.

The cost of the FPR and selection is fully met by the Government and the
farmer meets only part of the AI cost. In other words, the improvement
resulting from FPR is partially subsidised. Typically, the entire cost of
FPR, selection and consequent improvement must be built into the AI
system. Due to the small herd size and associated low profit margin, the
entire cost of FPR cannot be absorbed in full by the AI industry. This
problem is typical to low input output dairy systems.

Table 3. Average first standard lactation milk
yield of crossbred cows (kg).

Yield
Year n Mean s.d.
1983 1 627 1 480 481
1984 1 763 1 640 539
1985 1 865 1 669 511
1986 1 943 1 691 570
1987 1 987 1 726 530
1988 2 196 1 749 546
1989 1 988 1 796 564
1990 2 039 1 796 569
1991 3 017 1 833 560
1992 1 700 1 960 621
1993 1 823 1 985 598
1994 1 897 2 046 618
1995 1 827 2 134 604
1996 2 072 2 194 710
1997 1 565 2 191 621



476
Breeding Strategy Workshop

Case study: dairy cattle in India

The FPR in Kerala is well integrated with a sound breeding and selection
programme. The benefits derived are:
• All the bulls used for AI are progeny tested and selected based on FPR

of daughters or young bulls out of nominated mating between proven
bull and elite bull mothers;

• The elite cows of the farmers are identified by applying FPR. A contract
mating system is developed between the KLDB and the farmer. The
male progeny born out of such mating is purchased by the KLDB while
the farmer retains the female;

• The bulls selected on the basis of progeny testing and cows selected
on the basis of FPR are mated to produce the next generation of young
bulls. The semen of these bulls is used for AI. Hence the genetic merit
accrued in the nucleus stock is disseminated to the general population
in the field through AI using semen from young bulls resulting from
nominated mating of selected sires and dams. The elite cows are
inseminated using semen of proven bulls. It can therefore be seen that
the sole means of disseminating the improved stock is through AI;

• It allows effective interaction between the farmers and KLDB resulting
in mutual benefits;

• Individual farmers receive benefits like mineral supplements,
insurance, etc.;

• The production data generated is extrapolated to estimate the
production in the State;

• The data is used for the formulation of livestock policies and
programmes for wider application and benefit of the farming
community as a whole;

• The feed back of information on production and reproduction enables
the farmer to follow proper breeding and feeding practices;

• A designated elite cow is often the pride of the farmer, which elevates
his position in the farming society. On the other hand, an identified
and recorded cow often fetches a higher price on the market and is
easily sold.

FPR can be employed as an effective tool for monitoring the performance
of livestock owned by small holders provided it is adapted to the local
situations. To make the program successful the participation at all
levels,(farmers/institutional/inter-institutional) has to be ensured. Part
time recorders under the official/semi-official agencies will be more
practical than full time recorders or farmer recording in small holder
situations. It remains to be difficult to attract part time recorders due to
the low remuneration payable. Proper identification of the animal, high
migration of the animal from the recorded area, follow up at various level
high cost of recording etc., are the problems to be addressed.

5. Policy
implications

Lessons
learned
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6. Summary
and
conclusions

The KLDB has been implementing a FPR of cross-bred dairy cattle in a
small holder situation since 1977. The programme employs part-time
recorders to record information on breeding, feeding and management in
field conditions. The FPR is well integrated with a breeding and selection
programme of bulls and cows for genetic improvement. The data shows
that an annual progress of 3.4 percent is achieved. FPR helps the policy
makers in formulating policies and programmes for wider application
and benefit of the farming community. The individual small holder farmers
benefit through increased production, fringe benefits through contract
mating and by using the data for management support. Lack of sufficient
numbers and motivated recorders remains the greatest problem.
Alternative systems of farmer recording did not succeed. Further research
and development is needed to perfect the system to be made applicable in
identical situations elsewhere.
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Duck farming, mainly for egg production, has been part of rural life in
many regions of the Indonesian Archipelago, as a component of an
integrated traditional farming system. It provides significant additional
income to the farmer household, especially during the dry season when
the food crop farming activities are low. In the past, duck farming was
generally considered only as a side activity, but in recent years it has played
a more important role in the overall farming system as the major source
of income to the farmers’ family, in many rural areas. However, the farming
practices are still mostly traditional and extensive, based on a herding or
scavenging system except in a few cases.

The definition of duck breed/strain in Indonesia is basically based on
geographical locations. As a result of geographical isolation for centuries
and preference for various traits in different areas, some breed/strain
differentiation may have taken place. Duck population often assumes local
names and distinguishing characteristics may or may not reflect genetic
differences in production traits. Hetzel (1986) has reviewed various
Indonesian breeds/strains of ducks. The Muscovy breed is distributed
throughout Indonesia and is primarily used as a natural incubator. The
Alabio breed  is native to South Kalimantan and is phenotypically different
from other breeds and very uniform in appearance. In Java, there are two
major breeds with large distribution, Tegal and Mojosari breeds, however,
are very similar in appearances except for the colour tone of their feathers,
Mojosari being darker brown than Tegal ducks. An analysis of protein
polymorphisms was conducted on selected duck populations in Indonesia
and Japan (Tanabe et. al., 1984), as cited by Hetzel (1986), and the results
showed that the Indonesian local ducks have medium distance from one
another.

In his paper, Hetzel (1986) stated that in Asia, particularly in Indonesia,
duck occupies a unique ecological niche in that it is traditionally closely
integrated with other forms of plant and animal production. There is,
therefore, a need for caution when so called improvement programmes
are undertaken since the implications of any change in the production
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system may be far reaching. However, the pressure is on to improve the
efficiency of duck production where possible. There are two alternatives
available for the genetic improvement programme, under closed and
intensive management or under open and traditional extensive systems.
Although the intensive management system has started to gain popularity
in recent years, the majority of the duck population is still under extensive
system and the so-called “Village Breeding Programme” should be
conducted in this environment.

Following the definition by Solkner, Nakimbugwe and Valle Zaratte (1998),
village breeding programmes are carried out by communities of
smallholder farmers (villagers), often at subsistence level. The availability
of feed for the animals is far from optimal with large seasonal variations
and variations between years. The pressures from diseases may be high.
The level of organization is low, hierarchical structures with good flow of
information between levels of hierarchy can not always be assumed to
work. Data recording in the sense used by animal breeders in the developed
countries will often be missing. We shall see that the situation with our
programme of duck breeding in Indonesia does not quite fit the above
description, the organizational structure is very clear and this helps
significantly in data recording.

The duck population in Indonesia has steadily increased over the years, with
a current population of more than 30 million. Generally, there are three
basic types of production systems. The herding system was, in the past, the
most commonly used practice in which ducks were herded from one place
to another following the period of rice harvest in the area. However, this
system is gradually disappearing, particularly in Java, due to the intensifica-
tion programme of rice cultivation which does not give a chance for the
ducks to be herded into the rice fields. The scavenging system represents
the majority of the production system in rural areas. In this semi-intensive
system, the ducks are kept roaming freely around the house or village to
feed themselves during the day and then return home in the evening and
receive additional feed in confinement. The fully confined system is the third
type of production system being practised more and more by larger farmers.
In this intensive system, feed is fully provided by the owner from the locally
available feed ingredients.

In order to accelerate the development of the duck industry in Indonesia,
the Government has promoted a production scheme in which duck farmers
are encouraged to form a cooperative group or to develop a partnership
with a large company serving as the nucleus farm in a Nucleus-Plasma
Scheme. Under this scheme, the cooperative unit or the nucleus company
provides all the production inputs and collects all the products for
marketing, while the farmer members serve as the production units in
coordination of the group. Within this production system, all farming

Duck
production
system in
Indonesia
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practices by farmer members can be accommodated, the efficiency of
production can be increased from being a larger operation and production
risks are distributed among all members. The major implication of the
implementation of this scheme is the large opportunity for the
development of a breeding flock following a proper breeding programme
especially designed for the group and other farmers as well. Under this
partnership system, a village breeding programme should have greater
success for the benefit of small farmers who are allowed to continue to
participate in the development of the industry.

Before the programme was commenced, there was virtually no genetic
improvement programme for local breeds of duck in Indonesia. The
production of ducklings was and is still being handled by hatchery units
in villages which rely mainly on collecting the hatching eggs from farmers
in the area. Therefore, it is very difficult to implement any breeding
programme aiming at genetic improvement. However, the demand for
better quality final stocks in enough quantity is always increasing, due to
the popularity of duck farming and duck products as an alternative to
improved breeds of chicken which are imported from other countries and
getting more and more expensive. In response to this situation, the
coordination of the production system under group management or the
Nucleus-Plasma Scheme were enthusiastically accepted by many duck
farmers.

Among the three major local breeds, Alabio, Tegal and Mojosari ducks,
the programme is using Tegal breed as the most popular breed and with
the largest population (about 8 million) in Java. At the experimental station,
the production level of this breed is on average about 65 percent egg
production within a one-year period, i.e. 235 eggs annually. This level is
actually quite satisfactory in terms of economical feasibility for a small to
medium size farm. However, the main problem in the productivity of this
breed and of other local breeds as well, is a rather low consistency of egg
production. The local breeds of Indonesian ducks still retain their
“moulting” characteristics, during which they shed part of their feathers
and stop laying eggs. This moulting behaviour may happen after nine to
12 months of production but it may also happen much earlier, four to five
months of production which is during their production peaks.

The breeding goal was to improve the consistency of production, at
60-65 percent egg production and between 4 to 4.5 Feed Conversion Ratio.
The selection criteria are 65 percent or more of three-month egg production
and without moulting before nine months production and the ducks are
fed 165 g/head/day of dry feed. In setting the breeding goal there was no
economic values assigned to these objectives, and the selection was based
on independent culling levels. Five hundred female ducks were kept in
individual cages and mating was conducted through artificial
insemination. This programme is being implemented in the nucleus farm.

Breeding
programme
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The results of selection from each generation are distributed to the plasma
farmers directly in the form of day-old-ducks and each farmer receives
between 200 to 400 female ducklings to be raised as layers or 400 male
ducklings to be raised and sold at four-months old as meat. These stocks
are provided to farmers as final stocks while the breeding programme
continues to improve the parent stocks

The foundation stock had an average of 67.3 three-month egg production
and the selected group had an average of 81.3 eggs with a selection
differential of about 14 eggs. The selection intensity was 30 percent and
the selected parents were mated to produce 500 offspring for the next
selection. The egg production of the  first generation still continues to be
recorded. It would have been more desirable if the selection differential
were larger in order to expect a larger response to selection. Also, the
variability is very large and this is mainly due to the small flock size. For
a village breeding programme in which many environmental factors are
not fully under control, the initial population should have been larger.

Initially, the programme was supported financially by the Government
through the Research Institute for Animal Production. The plan and design
were set up together between research scientists and the staff of the nucleus
farm. Meanwhile, the development of the Nucleus-Plasma Scheme is
supported and supervised by the Indonesia Agribusiness Foundation
which is a semi-Government organization, as a pilot project in the
development of duck farming as a business activity.

Despite the difficulties and problems in the breeding programme aimed
at genetic improvement, the production process keeps running from the
production of day-old-ducks by its own hatchery unit, raising growers
and distributing layers to plasma farmers. The number of plasma farmers
is still small and keeps building up. When the number is large enough
and the activity covers a larger area the breeding programme will not
only be conducted in the nucleus farm but also involve plasma farmers in
an open-nucleus breeding system. This way, the dissemination of breeding
results will be faster and the nucleus farm will be released from some of
its weight in carrying out the breeding programme.

The combination between a Nucleus-Plasma Scheme in the production
system and the open-nucleus breeding scheme is the most significant
feature of this programme. It promises success in carrying out genetic
improvement to local breeds underlying village conditions, in which
farmers are directly involved at the low to medium input levels.

Research results showed that heterosis by environment interaction exists
in some domestic animals (Sheridan, 1981). This phenomenon should be
utilised in a breeding programme in a sub-optimal environment such as
in Indonesia, because a stressful environment may increase the degree of

Future
directions
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heterosis in a cross-breeding programme (Prasetyo and Eisen, 1989). The
utilisation of heterosis by environment interaction in a breeding
programme involving two or more genotypes may be used as a tool in
genetic improvement as well as in conservation of genetic resources
particularly for those involved in the programme (Prasetyo, 1996). This
concept is very appropriate to be applied in the village breeding
programme such as for the local ducks in Indonesia, in which the
production system is under sub-optimal environment. The combination
of within breed selection and cross-breeding between breeds/strains in
producing final stocks will be developed in the future.

In terms of within breed selection, the breeding population size will be
increased in order to increase the selection intensity and thus we can expect
a larger selection response. This can only be achieved when the size of the
group is getting larger and the production capacity has increased. Funding
from national or international donor agencies would be greatly appreciated
in order to guarantee the success of the programme.
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Buffaloes (Bubalus bubalis) in Thailand are classified as swamp type.
Practically all swamp buffaloes are raised on rural smallholder farms where
mixed crop-animal farming systems are prevalent and buffalo form an
integral part of the farming system. The swamp buffalo on smallholder
farms primarily provides a source of farm power for tillage and
transportation and a source of manure for fertiliser, while sale of old buffalo
for cash becomes a family long-term saving.

The most common places where buffaloes play a prominent role are in
rice production areas. Draught power from the swamp buffaloes is
commonly used in lowland rainfed rice production systems, while irrigated
rice cultivation usually employs farm machinery. Upland rice and other
crops also utilise swamp buffalo power wherever available.

The swamp buffalo production on smallholder farms in village conditions
is characterised as complementary to crop production, making use of non-
marketable farm products and marginal lands, utilising available family
labour, requiring minimal cash input and simple and traditional
technology. It is generally non-market oriented production, and is subject
to a relatively low degree of risk. In general, attention is not given to
obtaining a high rate of output of meat from the swamp buffaloes because
other products and services are more important in the small farm systems.
In general, the small farm buffalo husbandry can be described as follows.

Village farmers usually utilise marginal land areas available in the village
such as paddy fields, scrub forests on upland areas, highway shoulders,
rice bunds and communal grazing lands for buffalo and cattle grazing. In
general, buffaloes depend mainly on rice straw and stubble; other crop
residues, such as corn stover and cassava or kenaf leaves may also provide
substantial sources of roughages, especially during the dry season.
Generally, concentrate or mineral supplements are not given to animals.
There are generally no cash inputs in buffalo raising and most tending is
done by family labour, i.e. children, women and the old.

Buffalo breeding programme in Thailand

C. Chantalakhana

Kasetsart University, Bangkok, Thailand

Buffalo
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Due to high slaughter rates including illegal slaughter, scarcity of farm
labour and grazing areas, increasing use of small two-wheel tractor and
lower market price of buffalo (as compared to beef cattle), the number of
buffaloes in Thailand had declined at the rate of 3.8 percent annually during
1984 to 1994 (Chantalakhana, 1996). In 1985 there were 5.25 million
buffaloes but in 1998 only about two million buffaloes remained in
Thailand. Besides, the average mature body weight and size of buffalo
have also decreased in the past decades due to castration of larger buffalo
bulls for farm work at about one and a half years of age, while larger
females were often sold for slaughter.

Due to the lack of a national buffalo breeding improvement programme
and apparent decline in genetic quality of the Thai swamp buffalo, the
Department of Livestock Development (DLD) of the Ministry of
Agriculture and Agricultural Cooperatives (MOAC) and Kasetsart
University (KU) developed a joint project to improve buffalo production
through breeding selection since 1975 with the support at the beginning
of the programme from the Rockefeller Foundation (Thailand). Also in
1971 the Director-General of the DLD and his technical adviser from West
Germany were very keenly interested in improving buffalo productivity
and were encouraged by the FAO Livestock Specialist in Bangkok at that
time. The breeding programme, however, was only partly implemented
until 1980 when performance testing was carried out.

The breeding goal was to select superior buffaloes for draught and meat
since most farmers in rainfed areas keep buffalo mainly for draught power
and sale for meat purposes. The following traits were selected to be used
as the main selection criteria.

1) At weaning:
- 240 day adjusted weaning weight (AWW);
- pre-weaning average daily gain (pre ADG);
- general appearance.

2) At the end of testing:
- average daily gain (test ADG);
- two-year adjusted weight (2 AW);
- height;
- general appearance.

The breeding goal and selection criteria, as well as other technical details,
were decided and revised, when necessary, by a joint national committee
which was appointed and chaired by the DLD. The details of breeding
and testing schemes established by the committee and presently being
carried out, are shown in figure 1.

National
buffalo
selective
breeding
programme

Breeding goal and
purpose
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1) The DLD provides and maintains all breeding animals at Surin Buffalo
Breeding Center (Northeast Thailand), and carries out performance
testing at Lamphyaklang Livestock Station (260 km from Surin).

2) Kasetsart University provides technical inputs and research support,
including the carrying out of data collection and analysis at an initial
stage of the project.

Figure 1. Breeding and testing scheme.

Breeding herds at breeding centre

15 bulls, 300 cows, three breeding seasons a year

Weaned calves (240 days)

Three groups a year, about 60-70 calves/group

                                   Selected top ten bull and ten heifer calves/group            Culled
                                         for performance testing (ten-twelve months)

Performance testing and selection
Based on ADG, two year adjusted weight, body height and conformation

                                                             Selected             Culled                   Castrated

        Top two-three bulls  Some bulls go       The rest used
              go to AI  to Government      for bull loan
       multiplier herds                or buffalo bank

                                         for farm breeding

Females passing performance
test go back to breeding herds

Collaborative
agencies and their
contributions
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At a later stage other institutions such as Chulalongkorn University, Khon
Kaen University, etc., joined this project which has been expanded in its
objectives to cover a wider range of disciplines such as health, reproduction
and nutrition.

As shown in figure 1, superior breeding buffaloes, 15 bulls and 300 cows,
are kept at Surin Buffalo Breeding Center (DLD). These breeding stocks
were originally selected both from Government stations and private farms.
Single-sire herds are managed in three breeding seasons, using one bull
to about 15 to 20 cows. During each breeding season about five single-sire
herds are used. Feeding is based on grazing in pasture during the day
(one acre per animal). Each herd is confined to a loose pen at night. During
the rainy season grass soilage is used to feed animals in the barns. Hay,
silage, rice straw plus one to two kilograms concentrate supplement per
head are used during the dry season (usually January to May) when
pasture becomes limited.

About 60-70 weaned (240 days) calves are produced during each breeding
season. Only ten top bull calves and ten heifers are selected for performance
testing based on their AWW and ADG. The selected animals are then
transported to Lamphyaklang Livestock Station (DLD) for performance
testing for ten to twelve months. The duration of performance testing is
relatively long in order to allow the animals to express their genotypic
performances on a low level of feeding. The animals are fed mainly on
grass pasture plus a minimal concentrate supplement. The feeding regime
used for performance testing of buffaloes is being kept at a level close to
that practiced by small farmers in order to minimise possible influence of
genotype by environmental interaction when the tested bulls are used on
smallholder farms in villages.

After one year of performance testing buffalo bulls are selected by the
joint national committee based on the selection criteria mentioned earlier.
The animals passing the test will be used for breeding purposes as follows:
• top two or three bulls used for AI;
• next superior bulls may be used in multiplier herds in Government

stations if needed;
• the rest could be used in a bull loan programme, buffalo bank

programme or sold to farmers for breeding purposes.

So far, at least one thousand male buffaloes have been tested and about
half of them passed the performance testing. Approximately 40-50 bulls
were used for AI by the DLD. The rest were used in other DLD buffalo
breeding stations as well as in villages through Government extension
programmes.

The selected heifers will be used as a replacement in breeding herds at
Surin. Culled animals will be sold for meat.

Breeding and
testing schemes
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The use of superior buffalo genetic stocks in a nation-wide breeding
programme was shown by Intaramongkol (1998) in figure 2. Below is a
brief summary of a national buffalo breeding plan.

1) Since only one breed of swamp buffalo exists in Thailand, the selected
tested bulls are used in the nation-wide breeding programmes. It should
be noted that there are a number of swamp buffalo of white coat colour
(about three to five percent) but the black or grey animals are preferred
by farmers, therefore only black or grey swamp buffaloes are used in
the national breeding selection programme. As shown in figure 2, the
top bulls are used for the AI service to smallholder farms (base
population), while some top bulls are used in multiplier herds such as

Figure 2. National buffalo breeding programme.

Nucleus
herds

at Surin
15 bulls, 300 cows

       Selected  Selected
         cows Government stations          bulls

  and private farms
        800 cows

Base population
on smallholder farms

approx. 1 million cows

Buffalo Contest

Champions

that in Government stations and a few private breeding farms. Some
remaining tested bulls may be sold for breeding purposes to farmer
groups such as bull service or bull loan group in rural villages.

2) Some number of selected females with good breeding records may be
used as a replacement in the nucleus herds when needed. Some surplus
cows from the nucleus herds may also be sold to farmers.
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3) In order to encourage farmers to pay more attention to buffalo breeding,
every year since 1994 the DLD organizes the National Buffalo Fair
presided by the Minister of Agriculture and Agricultural Cooperatives
and attended by farmers from all over the country. Buffalo contest is
one of the main features of the Fair, in which champion bulls and
prize-winning females are identified and may be sold to the DLD for
breeding in the nucleus herds or multiplier herds.

Intaramongkol (1998) summarised some growth performance traits of
buffaloes as resulted from breeding selection at Surin Buffalo Breeding
Center as shown in table 1. It can be seen that the 240 day WW had
increased from 121 kg in 1983 to 167 kg in 1995 with a genetic trend of
0.135 kg per year, the pre-weaning ADG increased from 459 g per day
during 1983-1989 to 555 g in 1995 with a genetic trend of 2.073 g. For the
animals subjected to performance testing the 2-yr AW (adjusted weight)
increased from 268 kg in 1983 to 317 kg in 1995, while post-weaning ADG
increased from 408 g in 1983-1989 to 410 g in 1994, but fall to 295 g in 1995
due to certain health and management factors. The height at wither of
buffaloes at the end of the test increased from 118 cm for the first group to
124 cm for the 30th group (Konanta and Intaramongkol, 1994).

Topanurak (1992) used buffalo data at Surin Buffalo Breeding Center to
estimate heritabilities of growth performance traits and reported as follows
(see Table 2). It was found that the heritability estimates ranged from low
to high. The growth traits of animals tested were highly influenced by
genetic factors, while the pre-weaning traits were low to medium in genetic
influence.

Some results
of buffalo
breeding

Table 1. Growth performance of Thai swamp buffaloes at Surin Buffalo Breeding Center.

Traits <198
3

1983-
1989

1990 1991 1992 1993 1994 1995 Trend
P1               G2

Birth weight,
(kg)

28.4
(144)

30
(1 373)

30
(209)

28.4
(111)

29.9
(200)

30.3
(187)

31.9
(193)

30.6
(77)

0.026  -  0.084
kg/yr

240-d WW,
(kg)

121
(96)

141
(990)

150
(194)

146
(170)

138
(190)

156.3
(200)

152
(146)

167
(159)

1.105  -  0.135
kg/yr

ADG/g - 459
(990)

504
(194)

481
(170)

456
(190)

522.6
(200)

484
(146)

555
(159)

5.314  -  2.073
g

- -2-y AW, (kg) 268
(21)

355
(339)

354
(59)

377
(38)

394
(40)

368.4
(56)

356
(39)

317
(36)

Post ADG, g - 408 392 441 469 416.5 410 295.8 - -
(380) (60) (40) (40) (56) (39) (36)

Note: Figures in parentheses are the number of observations.
1P = Phenotypic, trend.
2G = Genotypic trend.
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In order to increase the effectiveness and the efficiency of the present
buffalo breeding programme, the following suggestions were offered for
appropriate action.

1. Increase the size of the nucleus herds in order to increase selection
intensity. The number of cows, if possible, should increase to 600 instead
of only 300, and the number of bulls can increase proportionately. The
performance testing of females can be terminated in order to allow
more bulls to be tested.

2. Promotion for wider use of AI in buffalo ought to be supported. At
present less than one percent of buffalo cows are artificially inseminated
due to lack of interest among farmers.

3. More efficient systems of animal recording, data collection and analysis
need further attention. Responsible personnel require more training in
animal breeding and statistical analysis in order to carry out the jobs
more efficiently.

4. Concerning performance testing, it is recommended that some number
of bull calves sampled from smallholder farms ought to be tested along
with the selected bull calves from the nucleus herds in order to check
occasionally whether genetic superiority has been really attained
through present breeding methods.

As mentioned earlier, the present breeding goal has been based on selection
of buffalo for draught-and-meat purpose, in which height as well as body
weights are selected using low-input feeding regimes. However, due to
increase in beef demand and use of farm mechanisation as well as some
other changes in socio-economic conditions of some small farm sectors, it
is foreseen that part of buffalo production in Thailand will be oriented
more towards commercial beef production. Therefore, the goal of buffalo
selection should be based primarily on meat or meat-and-draught purpose.
This may mean that the primary aim of selection should focus more on
beef production traits and the feeding regimes should be formulated

Possible
improvement
of current
breeding
programme

Future changes
in the
breeding goal

Table 2. Heritability estimates of some growth traits of swamp
buffalo.

Traits Heritability S.E. Number of
observations

BW 0.23 0.10 1 429
240-d 0.09 0.05 1 126
2y AW 0.60 0.25 437
Pre ADG 0.06 0.05 1 126
Post ADG 0.75 0.10 437
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towards fattening operations but based on the use of locally available crop
by-products or cheap carbohydrate sources such as cassava chips or
cassava hay.

Chantalakhana, C. 1996. Changing economies in Asia and buffalo
production in the 21st century. In Proceedings of the Second Asian Buffalo
Association Congress, edited by V.G. Momongan, et al. PSAS Foundation,
Inc., College, Laguna, Philippines, pp. 1-10.

Intaramongkol, J. 1998. Prospects on genetic improvement of swamp
buffaloes in Thailand. Memeograph note. Surin Livestock Breeding Station,
Surin, Thailand, pp. 22.

Konanta, S. and J. Intaramongkol. 1994. Buffalo selection scheme
in Thailand. Proceedings of the First Asian Buffalo Association Congress,
edited by P. Bunyavejchewin, et al. Kasetsart Kasetsart University,
Bangkok, Thailand, pp. 71-84.

Topanurak, S. 1992. Sire evaluation in swamp buffalo. M.S. Thesis,
Kasetsart University Library, Bangkok, Thailand, pp. 64.

References



493

Georgoudis & Ligda

ICAR Technical Series - No 3

Small ruminant husbandry is the most important branch of the Greek
animal production, contributing about 49 percent of the total output of
animal production. In Greece about 9.2 million sheep and 5.9 million goats,
which correspond to 50  percent of the total goat population of the
European Union, are raised (Loukeri, 1996).

As the majority of sheep and goats are raised in mountainous and marginal
regions of Greece, the productivity of these animals is low. However, in
these regions sheep and goat production plays a substantial economic,
social and ecological role by keeping the remaining inhabitants in the
villages and contributing to the conservation of the environment
(Boyazoglu, 1999).

The species involved are sheep and goats. The evolution and distribution
of the different types and breeds of sheep in Greece are the result of
developments and changes that have taken place over the past thirty years.
The uncontrolled cross-breeding between the different breeds and the
unplanned extension of artificial insemination have played a major role
in the disappearance of certain smaller breeds and in the diminishing
number of the pure-bred mountain populations. The major segment of
the sheep population in Greece belongs to the Zackel type, which is found
all over the country and is characterised by the long tail and the coarse
wool. A second group is the Ruda type, mainly found in Macedonia, Thrace
and on some Aegean islands and characterised by finer and more uniform
wool. A third group consists of the semi-fat-tailed type found on East
Aegean islands (Hatziminaoglou et al., 1985; Boyazoglu, 1991; Zervas et
al., 1991).

The great majority (90 percent) of the goat population belongs to the
various indigenous types, which are characterised by a strong constitution,
good fertility with a relatively lower milk production and low reproduction

Small ruminant breeding
programmes in Greece

A. Georgoudis & C. Ligda

Aristotle University, Faculty of Agriculture,
Dept. of Animal Science, GR-540 06 Thessaloniki, Greece

Introduction

Description
and analysis of
existing
breeding
programmes

Species involved
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capacity. The local goat breeds represent today about 4.5 million animals
in 200 000 herds. Among the different varieties of the local breeds, Skopelos
is attracting the most attention. A small percentage of the population
consists of pure-bred imported goat breeds such as Malta, Zaanen,
Toggenburg and Damascus breeds and their crosses with the local animals
(Hatziminaoglu et al.,1985 and 1995).

Genetic improvement programmes are applied to the following sheep
breeds:
• mountain breeds: Boutsiko, Sfakia;
• plain breeds: Karagouniko, Serres, Frisarta; and
• island breeds: Chios, Lesvos, Kefallinias and Zakynthos.

As far as the goats are concerned, a genetic improvement programme is
established for the local Skopelos breed.

Seventy eight per cent of sheep and 91 percent of goats are raised in low
input production system in the mountainous and marginal regions of the
country. These species, which are naturally adapted to the optimal use of
poor and marginal regions in difficult grazing conditions, play a major
role in the rural economy of these regions (Loukeri, 1996).

The sheep population in Greece is characterised by a great variability in
husbandry practices. Sixty per cent of all flocks contain 1-50 ewes indicating
that sheep raising is of complementary importance to other agricultural
production branches.

The main production systems are the:
• extensive system with transhumance, which is applied to the mountain

breeds Boutsiko and Sfakia;
• extensive or semi-intensive system without transhumance, which

occasionally involves the Boutsiko and Sfakia breeds, the plain breeds,
Karagouniko, Serres and Frisarta and occasionally the island breeds
Chios, Lesvos, Zakynthos and Kefallinias; and

• intensive system which mainly concerns the Chios, Lesvos, Zakynthos
and Kefallinias breeds and occasionally the Karagouniko, Serres and
Frisarta breeds.

Very extensive husbandry systems with or without transhumance are
applied to the local goat breeds, usually raised in the regions of the country
where existing conditions prohibit sheep husbandry. The local Skopelos
breed is kept in a semi intensive and intensive system (Ligda et al., 1997;
Georgoudis and Baltas, 1998).

The breeds
involved

Approximate
overall input level
of the production
environment of
the production
system
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The total number of flocks and animals recorded in each of the
above-mentioned breeds is presented in table 1.

Approximate
number of animals
concerned

Table 1. Sheep and goat milk recording in Greece: Populations, number of recorded animals and
herds.

Species and breeds Total
population

Recorded
animals
(Percent

recorded)

Total
flocks/herds

Recorded
flocks/herds

(Percent
recorded)

Sheep breeds*
(1999 data )

535 800 54 112
(pure-bred)

56 798
(total)

8 645 657
(6.2%)

677
(7.8%)

Mountains of
Epirus (Boutsiko)

10 000 1 380
(13.8%)

    300 10
(3.3%)

Sfakia 73 000 6 780
(9.3%)

   1 050 64
(6.1%)

Karagouniko 200 000 15 467
(7.7%)

   3 210 278
(8.7%)

Serres 38 000 6 636
(17.5%)

    670 66
(9.9%)

Frisarta 27 800 6 380
(22.9%)

835 80
(9.6%)

Chios (pure-bred)

Chios (up-graded)

<7 000

100 000

5 398
(77.1%)
2 686

350 45
(12.9%)

20
Lesvos 180 000 9 982

(5.6%)
   2 230 94

(4.2%)
Kefallinias 1 550 11
Zakynthos 639 9
Goat breed** 8 357     103
Skopelos
(data from 1999)

7 000 4 347
(62%)

45

Local 3700 46
Zaanen 646 7
Alpine 657 6
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The genetic improvement targets only the sectors of the breeds, which are
being performance recorded. A specific plan for the dissemination of the
improved genetic material to the rest of the population has not yet been
initiated.

The total population of ewes and goats in the country is milked and about
90 percent of this milk is transformed into good to high quality cheeses.
Ôhe average prices of ewe and goat milk are higher than that of cow milk.
The relative values are 40-70 percent and 35-50 percent higher than the
price of cow milk for ewe and goat milk, respectively (Table 2). On average
60 percent of the total income comes from milk production and 40 percent
from lamb or kid meat production, which in Greece are traditionally
slaughtered at a liveweight not above 14 kg. Taking into account the above
parameters, the breeding objective was defined as the improvement of
milk production and as having lamb/kid as a by-product.

Improvement is
targeting the
entire breed or
only a sector

Approach through
which the
breeding goal was
established

Table 2. Milk marketing for small ruminants (adapted from F. Vallerand, 1997).

Market prices of milk Cow Ewe Goat
Milk composition
   % fat + proteins 7.8 11.0 7.5
Index 100 140 95
Relative prices 100 200-250 130-150
Comparative Advantage 0 40-70% 35-50%

To meet the above-mentioned breeding goal, pure-breeding programmes
for sheep and goats were introduced with mass selection based on
individual identification of the animals and milk recording. The selected
males are used mainly by the farmers for the up-grading of their flocks
and a part of them are sold as breeding animals to other farmers inside
and outside of the recorded population. This programme is applied in
general to all breeds being milk recorded. In addition a promising target
was set up concerning the application of a progeny-testing programme
for the Karagouniko sheep breed. An attempt was also made for the
establishment of a progeny-testing scheme for the Skopelos goat.

The breeding programme for the Karagouniko sheep breed included a
nucleus of 18 000 ewes raised in 270 private flocks. The total population of
the breed in the plains of West Thessaly is about 200 000 animals. The
relevant Animal Genetic Improvement Centre collects the milk recording
data for further processing. By the end of the lactation period, information
on the total milk production of the flock and of each ewe separately is
provided to the farmers who can make decisions regarding the culling of

The plan designed
and the plan
actually followed
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the animals and the renewal of their flock. Using mass selected and
progeny tested rams as described in the following description, the farmers
produce the replacement lambs for their flock.

A number of rams selected from the superior ewes (based on milk
production) from the best flocks of the nucleus are performance tested in
a progeny-testing scheme that was initiated in 1986.  The best four or five
controlled rams, selected on their daughters’ performance, are used in
planned matings with exceptional ewes. The rest rams that are not selected
remain in the Artificial Insemination Centre for two more years and their
semen is used for the fertilisation of low or medium producing ewes
(Georgoudis et al., 1995).

A similar scheme was designed in 1990-1993 for the Skopelos goat breed
but some major difficulties interrupted the attempt.

The breeding programme applied to the Frisarta sheep that is referring to
6 380 ewes, includes the selection of the rams on their dam performance
and their body conformation. The females for replacement are selected
based on their dam milk production and their own records.

A different approach is followed for the Chios sheep breed where an
attempt is made to establish a pyramidal selection scheme with multi-
trait selection in the nucleus. The nucleus includes 500 Chios ewes raised
in the Agricultural Research Station in Chalkidiki where, a rotational
mating system to avoid inbreeding has been applied since 1980 (average
rate of inbreeding: 0.013) (Gabriilidis et al., 1996). The following traits are
included in the breeding goal: commercial milk production, litter size and
average litter weight at weaning. The rams are used in the nucleus for
only one mating period and every year are selected on the total merit
index. During the next period the rams together with male lambs are sold
for the up-grading of the commercial flocks (Ligda, 1999).

The goals set up in the initial phases of the genetic improvement
programme were proven to be too ambitious, as problems concerning
financial and human resources were not taken into consideration at first.

For all breeds the breeding goal is the same and consists of commercial
milk production. Economic studies that were carried out were used as
general directions for the definition of breeding objectives.

In the nucleus flock of the Chios breed in the Agricultural Research Station
of Chalkidiki, multi-trait selection is applied. The traits included in the
breeding goal are the commercial milk production, litter size and average
litter weight at weaning.

At what stage did
the diversion
occur?

Breeding goal
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In all existing breeding programmes, the selection criterion is the total
commercial milk yield of the animals, which corresponds to the total
amount of milk produced after weaning of the lambs/kids at 42/60 days,
respectively.

The selection in the nucleus flock of the Agricultural Research Station of
Chalkidiki is based on the total genetic merit calculated by the application
of a multi-trait animal model, which includes commercial milk production,
litter size and average litter weight at weaning (Ligda, 1999).

As it was mentioned previously, the dissemination of the improved genetic
material is realised by selling males and/or females directly by the farmers.
The Ministry of Agriculture through the Genetic Improvement Centres
occasionally supports this. The Agricultural Research Station of Chalkidiki
of the National Agricultural Research Foundation, sells rams and young
males and females to the farmers with pedigrees, approved by the Ministry
of Agriculture.

The breeding system applied is pure-breeding (straight-breeding). The
size of the nucleus flocks being milk recorded was simply determined by
the available financial and human resources. The application of a three-tier
pyramidal selection scheme for the Chios sheep is being developed.

The organizations involved in the on-farm performance recording are:
The Ministry of Agriculture, Directorate for Inputs to Animal Production
with five regional Animal Genetic Improvement Centres and the recently
established Breeders’ Associations, which will be subsidised by the
Ministry of Agriculture until 2006. Performance recording on the
Agricultural Research Stations is supervised by the National Foundation
for Agricultural Research, which indirectly receives financial support from
the Ministry of Agriculture (Baltas, 1995; Georgoudis and Baltas, 1998).

The technical support to the breeding programme is provided by the
Ministry of Agriculture, the regional Animal Genetic Improvement Centres
and specialised scientific personnel employed by the Breeders’
Associations. The country’s agricultural universities support the scheme
with computer facilities, software for processing the collected data and
scientific methodology for the genetic evaluation of the recorded
populations.

Selection criteria

Dissemination of
improved males
and/or females

Breeding structure

Farmer and
Government
involvement

Technical support



499

Georgoudis & Ligda

ICAR Technical Series - No 3

The main reason for introducing and maintaining the scheme was the
improvement of milk production of the local breeds. The authorities of
the country also use the data collected for planning their activities.

The Ministry of Agriculture is in charge of the organization and operation
of milk recording and herd bookkeeping, but it is intended to totally involve
the newly established cooperative organizations, under the supervision
of the Ministry (Baltas, 1995).

Recently, milk recording has been carried out more systematically on a
larger scale and within the framework of a more specific genetic
improvement programme per animal species and breed. A number of
milk recorders have been employed, but they were not enough to cover
the needs of the milk recording programme. Furthermore, close
cooperation has been established between the competent services of the
Ministry of Agriculture and the country’s agricultural universities.

The direct involvement of breeder associations or farmer organizations in
performance recording and in maintaining the breeding programme is
necessary for the secure and continuing implementation of the programme.
Such an involvement pre-supposes the increase of the support and services
provided to the farmers, otherwise the farmers will have no motivation to
participate in such an organization. To date, the feedback to the farmers
has consisted of information on milk recording and some information on
the lambings (number of lambs born). However, it is important to extend
the data collected to information on reproduction traits, economic indexes,
health and functional traits, in order to use this information on the
management, feeding and health care of the flocks.

It is also important that the computer output is clear and the farmers can
understand and interpret the results for the benefit of their flocks.

Changes in the traits included in the breeding goal have to be considered.
Some traits to be studied are milk composition, somatic cell count and
udder morphology. The redefinition, after extensive study of the
production and marketing system of the breeding objectives, which may
not be the same for all the breeds concerned, is necessary.

The farmers should financially contribute to the milk recording
programme, in contrast with the previous periods when the Ministry of
Agriculture granted them considerable premiums to join the recording
and genetic improvement scheme, in order to prove that the previous
changes regarding the kind of support and information to farmers should
be established.
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Research is also directed to the introduction of simplified recording
methods to reduce the cost of milk recording. Another objective is the
application of pyramidal selection schemes with breeding nucleus for
specific breeds.

Results from the application of the multi-trait animal model in the nucleus
of the Chios breed showed an annual genetic improvement of 2.9 kg of
milk yield per lactation, 0.3 lambs per 100 lambings and a slight decrease
of the average litter weight of 3 g, which is counterbalanced by the increase
in litter size (Ligda, 1999).

Estimates of genetic change due to the application of the breeding
programme are not available because of the lack of information concerning
the ancestors of the animals. However, from the results of the Genetic
Improvement programme, the milk production of the Karagouniko breed,
has reached 167 kg, an increase from 121 kg at the beginning of the
implementation of the programme. The average milk production of
regularly controlled Frisarta ewes, during the years 1990-93, is 220 kg
(Ministry of Agriculture, 1995; 1997a). The milk yield of the Boutsiko breed,
in the Research Station in Ioannina increased to 150 kg from 100 kg, after
selection had been applied in the Station (NAGREF,1996). Results
concerning the milk production of eight Skopelos goat herds that have
participated continuously in the National Genetic Improvement
Programme for at least nine years, showed an increase in milk yield from
240 kg to 340 kg (Ministry of Agriculture, 1997b).

Summarising the experiences gained during the period of the application
of the Genetic Improvement Programme for small ruminants in Greece,
the following can be concluded, from the technical, operational and policy
points:

The projects have been implemented without detailed technical description
and clear breeding goals. There was no specific plan for the dissemination
of the improved genetic material. The technical and financial support
offered by the Ministry of Agriculture was not in accordance with the
demands of projects of such dimensions.

The implementation of the projects were interrupted several times because
of lack of finance, which mostly inhibited the ability to hire personnel for
milk recording. The collaboration with farmer organizations and breeder
associations has only recently been established. Moreover, the collaboration
with the Artificial Insemination Services was poor.

Estimates of
genetic change

Conclusions
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There was no specific plan for the genetic improvement of the local breeds
by pure-breeding. For many years the introduction of many foreign breeds
for the improvement of the local population was supported, which in
conjunction with the extended cross-breeding between the local breeds,
resulted in extended and undefined cross-breeds.

Baltas, A. 1995. Current situation, problems and perspectives of
Animal Performance Recording in Greece. Proceedings of the Symposium
on Animal Performance Recording, Thessaloniki, Greece (in print).

Boyazoglu, J.G. 1991. Milk breeds of sheep. In Genetic Resources of
Pig, Sheep and Goat, Maijala, K. (ed.). Elsevier Science Publishers B.V.,
Amsterdam, Chapter 13, pp. 243-255.

Boyazoglu, J.G. 1999. Livestock production systems and local animal
genetic resources with special reference to the Mediterranean region. VII
Congress of the Mediterranean Federation for Ruminant Health and
Production. Santarem, Portugal.

Gabriilidis, G. Th. Papadopoulos & M. Kiorpelidou. 1996. Results
from the application of a rotational mating system in the management of
a closed sheep nucleus. Animal Science Review, Special Issue, 14: 23-24
(Greek).

Georgoudis, A.J. Hatziminaoglou & V. Pappas. 1995. The breeding
scheme of the Karagouniko sheep in Greece. Strategies for sheep and goat
breeding. Cahiers Options Mediterranéennes, Vol. 11: 61-65.

Georgoudis, A. & A. Baltas.  1998. The development and
maintenance of animal recording systems in Greece: A case study. Animal
Genetic Resources Information, No 23: 27-40.

Hatziminaoglou J., N. Zervas & J.G. Boyazoglu. 1985. Sheep and
Goat in Greece (in Greek and English). Special publication of the University
of Thessaloniki, pp. 25.

Hatziminaoglou J., N. Zervas & J.G. Boyazoglu. 1995. Goat
production systems in the Mediterranean area: the case of Greece. EAAP
publication No 71: 82-109.

Ligda, Ch. 1999. Genetic evaluation of Chios sheep using a multi-trait
animal model. Ph.D. Thesis. Aristotle University of Thessaloniki. Greece.
(Greek with English abstract).

Ligda, Ch., A. Baltas, A. Georgoudis, J. Hatziminaoglou &
J.G. Boyazoglu. 1997. The organization of sheep and goat breeding in
Greece. Sheep and Goat Husbandry in Central and Eastern European
Countries. International Workshop. Hungary, pp.122-126.

Policy

References



502
Breeding Strategy Workshop

Case study: small ruminants in Greece

Loukeri, A. 1996. The Greek sheep and goat husbandry in the frame
of the European Union and GATT. Animal Science Review, Special Edition,
18: 13-19 (Greek).

Ministry of Agriculture.1995. Annual Report of the Animal Genetic
Improvement Centre of Ioannina (Greek).

Ministry of Agriculture. 1997a. Annual Report of the Animal Genetic
Improvement Centre of Karditsa (Greek).

Ministry of Agriculture. 1997b. Annual Report of the Animal Genetic
Improvement Centre of Karditsa (Greek).

NAGREF. 1996. Agricultural Research Station of Ioannina. The
Boutsiko sheep breed (Greek).

Vallerand, F. 1997. Personal communication.

Zervas N., J. Hatziminaoglou, J.G. Boyazoglu & A. Georgoudis.
1991. Production Potential and Breeding Schemes of some Mediterranean
Dairy Sheep Breeds. FAO, Animal Genetic Resources Information No 8,
Rome, pp. 11-27.



503

Rosati

ICAR Technical Series - No 3

The cattle breed investigated in this case study is the Modicana breed
reared only in Italy, in Sicily. This wine-red colour breed has Podolian
roots and like other Podolian derived breeds has blood group factors
indicating a probable affiliation with zebu. Modicana derived from other
Podolian root breeds, like the Apulian Podolian and Chianina, and from
dark-red Podolian of Illyrian type and maybe from some other cattle of
Central Europe arriving in Sicily through the many invasions suffered by
the island in the last centuries.

Modicana pure-breed has three varieties:
1) the Modicana of the lowland or Modicana Olivastra, representing the

best developed and most common type;
2) the Mezzalina, living in the hilly region; and finally
3) the Montanara that lives in the mountainous areas. This variety is the

least developed.

At present the most important production of the breed is milk. Meat is
less important. Modicana produces meat mainly through cross-bred calves
progeny of Modicana cows mated with beef bulls. In the past, the breeding
purpose was mainly for milk yield and working. Development of
agricultural technology caused disappearance of working as a breeding
purpose. Milk yield average for cows belonging to the herd book is 2 786 kg
for first lactation, 2 961 kg for second lactation and 3 122 kg for third and
higher lactations. The average lactation length is 250 days. The averages
for all lactation fat and protein percentages respectively are 3.58 + 0.37
and 3.46 + 0.17.
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Modicana is highly resistant to anaplasmosis, piroplasmosis and
tuberculosis. Performances of Modicana, relative to other cattle breed, are
good in fat and protein percentages in the milk. On the other hand, the
Modicana breed has low performance in terms of milking. Overall the
performances, in relation with the environment where the animals are
bred, are relatively good, with good resistance to disease and high
utilisation of poor pastures and by-products. Modicana does not have the
desirable characteristics for producing meat as pure-bred, daily gain
performance and quality of the carcass are poor. The skeleton is solid and
big. Dressing percentage in young animals is about 53-54 percent and of
adult individuals is about 45 percent for cows and 50 percent for bulls.
Body size is medium to high with adult males weighting from 900 to
1 000 kg and adult females from 550 to 600 kg, height for adult males and
females is, respectively, 155 + 5 and 140 + 5 cm. Morphology of the animals
is not desirable either for milk production or for meat production. The
wide spread technique of hand milking caused disagreeable udder
morphology. Modicana has good maternal attitude, being able to produce
calves in environments where no other breeds could.

At present Modicana lives in the mountainous and hilly regions of Sicily.
Milk yield of Modicana is less than half of the average yield of the
cosmopolitan breeds living on the island today. The possibility of using
good quality semen from Modicana sires was denied by the complete
absence of a semen market as a consequence of the former selection scheme
with no bull progeny tested.

The number of animals is not well defined. In 1989 it was estimated at
about 80 000 Modicana cows with only 4 360 registered in the herd book
and milk recorded. Nowadays, the population size is decreasing, while
the number of the registered cows is growing: 6 067 recorded animals on
338 farms. The average number of animals is 18 per farm. Most of the
farms are in the class between 11 and 20 cows, with 63 percent of the
farms having less than 20 cows and only 16.6 percent of the farms with
more than 30 animals.

Modicana is a cattle breed that is competitive only in areas where pasture
productivity is very low, those areas are also the poorest in Sicily. In other
zones more productive breeds are currently bred. In the last century people
emigrated from the poorest zones of the island. Furthermore, many farms
were abandoned and a large number of Modicana cattle were lost.

Nowadays in Sicily, Holstein Friesian is present mainly in the best
territories, the Ragusa Province and the plain of Catania, where the
Modicana breed used to give the highest production. Some herds of Brown
Swiss are also present. In the rest of Sicily most of the cattle bred are
Modicana, both as pure-bred and as cross-bred.

Modicana
production
system
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As only a few farms have milking machines, most of the farmers still
hand-milk. Many farmers still milk cows leaving calves close to the mother,
because it is believed that otherwise cows become difficult to milk. Recent
research showed that the presence of the calf is not significant in milking
and in the daily milk production of Modicana cows. A positive influence
was instead found on lactation persistency.

The history of the breed shows that over time many different attempts
have been made to improve productivity. All of them have failed. Between
1864 and 1867 a disease killed most of the cattle reared in Sicily. Brown
Swiss animals were imported to the island to help restore cattle population
and to improve milk yield, mainly by cross-breeding Modicana cows. The
Modicana breed was at that time mainly used for draughting and secondly
for milk. Cross-bred animals were less resistant to the severe conditions
present in Sicily about one hundred years ago. Furthermore, the
cross-breeds were less capable of working. For this reason the project was
a complete failure. To re-establish a bovine population adapted to the
Sicilian environment, farmers were obliged to back-cross to Modicana,
obtaining a new type of Modicana with still some portion of Brown Swiss
genes in their genotypes.

A subsequent plan to improve milk yield was made about fifty years ago
to again cross-breed Modicana cows with Red Danish and Holstein Friesian
bulls. This plan was not organized by any regional or local policies, but
only by private intentions. This effort also failed because the cross-breeds
were not adapted for working and for pasturing in the less productive
meadows of the island. At that time animal power was also loosing its
importance. Pure-bred Holstein Friesian and Brown Swiss were imported
to Sicily to use the more productive meadows. As a consequence Modicana
was mainly confined to the worst territories of the island and the numbers
of Modicana animals reduced. After the Second World War many farmers
left the worst territories of Sicily to live in the main cities or away from the
island. The result of this social change was that many farms rearing
Modicana animals closed down.

The cross-breeding approach of Modicana with beef cattle began in 1975,
mainly with Charolais bulls from France. The purpose was to combine
the Modicana good attitude as “maternal breed” and Charolais beef
morphology. Modicana cows have a good capacity for feeding calves even
in harsh environments. The danger of cross-breeding most of the breed
with beef cattle soon became real. For this reason the regional technical
offices divided Sicily into two zones: in some areas (free zone) it was
permitted to cross-breed Modicana cows with bulls of any other breed
and in the other areas (pure-bred zone) it was permitted to breed Modicana
cows only with pure-bred Modicana sires. Due to the lack of organization

Selection
schemes
applied
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of herd books it was impossible to check if the law was respected in the
pure-bred zone. The aftermath was that a portion of the Modicana
pure-bred population was lost and the rule was cancelled after some years.

The outcome of the third attempt to improve efficiency of Modicana breed
was similar to the first two, completely negative. The common peculiarity
for all three failings strives to improve productivity and efficiency of the
Modicana breed by cross-breeding with animals selected in different
environments, having characteristics that do not fit in the severe Sicilian
environments. At present, the plan actually followed is influenced by the
failings of the previous strategies.

A selection scheme was recently planned by the Sicilian Association of
Animal Breeders (ARA-Sicilia), the Regional Agriculture Offices and the
Italian Association of Animal Breeders (AIA). The goal of the selection
scheme is to improve milk yield and milk quality for cheese production.

About 20 percent of the estimated pure-bred cows, about 6 000 cows, are
milk recorded with the A4 ICAR system that is recording daily yield every
month. Milk samples are taken monthly from each cow to estimate fat
and protein percentages. Lactation yield is estimated by the Fleischmann
method. All lactations are projected to 305 day length. An animal model
is then performed to estimate breeding values for milk, fat and protein
yield and for fat and protein percentages. Another trait is also modelled
to estimate breeding values: kilograms of cheese produced: a combination
of milk yield in kilogram and fat and protein percentages produced for
each cow. This last trait is assumed as a selection index.

Breeding values for all recorded population are estimated each year.
Pedigree indexes are also predicted to choose, together with good
morphological characteristics, five young bulls for progeny testing. Five
hundred heifers are chosen according to pedigree indexes and good
morphological characteristics. Semen of the selected young bulls is used
to breed the heifers to obtain about 225 female calves, that have about
180 parities and about 125 complete lactations. Analysing lactation data
through an animal model, the best bulls are selected for artificial
insemination. Best cows are also selected to become mothers of sires and
heifers, and pedigree indexes are estimated for the new generation of
young bulls to be progeny tested.

The reason for the small number of young bulls and heifers tested is due
to the fact that only part of the farmers join in the plan.
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In the new selection scheme applied to the Modicana cattle breed the
characteristic to be improved are: milk yield in relation to cheese production
and meat production. To increase the commercial value of the milk it was
decided to link milk from Modicana cows to a particular type of cheese
named, in the Ragusa province, “Ragusano”, elsewhere with different
names, but always a “Caciocavallo” cheese type. It was important to
establish a connection between a well recognised cheese with Modicana
milk, richer in fat and protein than Holstein Friesian milk. The plan is to
improve milk yield using only pure-bred animals.

In the future the production of meat will be improved by cross-breeding
Modicana cows with beef cattle bulls. This practice already exists in Sicily
and at present produces about 35 percent of the meat consumed on the
island. Modicana has good maternal traits even in a difficult environment.
In the Sicilian hills and mountains, summer is always dry and grass
production is close to nothing between May and October. Those areas are
also difficult to reach for lack of roads and insufficiency of infrastructure.
Improving maternal traits of Modicana cows can be done by planning a
selection scheme and by keeping genealogy information and measuring
calves daily gain at fixed intervals. Animals with good conformation for
meat production and having legs resistant to pasture in harsh
environments must be selected. This selection goal can be reached by
adding to genealogy data and morphological evaluations performed on
each animal by breed experts.

A good industry importing semen of Charolais and Limousine sires is
present. When genetic indexes will be performed it will also be possible to
select beef cattle sires giving calves, when mated with Modicana cows,
having high production in the Sicilian environment.

The result will be to obtain two lines each specialised in a particular
production with more possibility to survive in their respective
environments. Nevertheless, offering both lines the possibility to register
animals in the same herd book, genetic variability will be maintained.

Improved genotypes are actually disseminated through all animals of the
herd book. The Italian law stipulates that all cows, both belonging to any
herd book or not, must be bred with improved sires belonging to the herd
books. A Modicana cow can be bred, by artificial or natural insemination,
only by semen of Modicana sires registered in the herd book or by sires,
of any other breed, registered in the respective herd book. To help
dissemination of improved genotypes, semen of improved Modicana sires
is offered for free to all pure-bred Modicana breeders.

Modicana pure-breds are mainly bred by natural insemination with sires
in the herd. Male and female calves from the most productive cows are
kept for replacement. Cows’ productivity can have good estimation if milk
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is recorded, if completely voluntary. If cows are not milk recorded the
choice is based on morphology and on rough estimation of milk yield.
Cows are usually kept for a long time, it is common to keep cows for more
than 13-14 years.

Mating is often influenced by meadow seasonal production, that in Sicily
is more abundant at the end of winter and the beginning of spring, and
cows naturally regulate months of highest grass production with the period
of lactation peak. Modicanas bred in the low-input low-output system
have seasonal breeding, most of the calvings occur between December
and March with the lowest percentage in July. Use of artificial insemination
is opposed by lack of Modicana bull semen. Only recently, with the
development of a selection scheme has Modicana semen become available.

The genetic improvement will act directly only for animals registered in
the herd books. Some farms, with animals registered in the herd book,
join the “selection nucleus”. Interest of the breeders for the selection scheme
and advanced breeding system are essential. The farms belonging to the
“selection nucleus” participate actively in the scheme by programmed
matings to produce young male calves to a progeny test. These farms will
be able to increase their income by selling improved genotypes, both
offering semen and live animals. The rest of the farms participate in the
selection scheme by recording milk yield for each cow thus, with a larger
population size, improving accuracy of genetic indexes and enlarging
genetic variability. Full participation in the selection scheme is voluntary.
Farmers can join the “selection nucleus” anytime, but they must follow
the requirement to permit a good operation level of the selection scheme.
The farmers having animals not registered in the herd book can not
participate in the selection scheme, but they can ask for the admission to
the herd book and then fully participate. The requirement for joining the
herd book is that all animals must have a morphological evaluation
attesting Modicana breed morphology.

Most of the expenses, about 80 percent, for planning, implementing and
maintaining the selection scheme, for each cattle breed having an Italian
herd book, are paid by the Italian Ministry for Agricultural Policy. The
cost pays for herd book keeping, milk recording, planning and activity of
the selection scheme, morphological evaluation, plus some cost to organize
meetings, exhibits, etc. Modicana farmers, joining the herd book, pay for
the remaining part whilst the Sicilian regional Government helps Modicana
farmers pay a part of the remaining 20 percent.

The Sicilian regional Government recently requested that Modicana cows
be exempted by the quota system of production, as in most other regions
of the European Union. Sicilian farmers had very few quota allowed to
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produce milk. The possibility to be released by a quota system will help
the dissemination of the Modicana breed in those areas where it was
substituted by Holstein Friesian and Brown Swiss cattle.

Several attempts were made to modify legislation to better implement the
selection scheme, to help productivity and increase the value of products
and overall to develop breeding of Modicana cattle. Funds were destined
to farmers for buying and maintaining pure-bred Modicana animals. Funds
were also destined to facilitate marketing of Modicana products.

The Italian Ministry for Agricultural Policy also helps research for
developing genetic improvement and to improve environmental
conditions where Modicana is reared, especially to improve the meadows
where those animals are present.

The economic support to farmers for joining the herd book was not
completely positive for selection scheme success. Many farmers joined
the herd book although not really interested. The number of animals
participating in the selection scheme is higher, but milk yield records and
genealogy registration were less accurate having a negative effect on the
genetic indexing and selection scheme. More successful was the support
for marketing products of Modicana breed.

Strategy for developing the Modicana breed is coordinated by the
Modicana Breeders’ Association (A.N.A.MOD.). The technical body of
A.N.A.MOD. is composed of animal production experts from universities,
research centres and breeder associations. Representatives of regional
governmental bodies are also present. About half of the components are
Modicana breeders. All decisions regarding planning and implementing
the selection scheme are made by this technical body.

The purpose of the scheme to be initiated and maintained is related to
increase in milk yield by breeding animals in the less developed areas of
the island. This aim can be reached only by rearing Modicana pure-bred
or cross-bred. The goal is also social, as having farms in such areas provides
work for people in those zones of the island from where people traditionally
emigrated from to look for jobs in the main cities in or outside of Sicily.
Rearing Modicana breeds in those less developed parts of Sicily is
sometimes the only way to give economic value to those territories. Cultural
reasons must not to be forgotten. The long history of interaction between
Modicana, men and environment helps to understand the adaptation and
therefore furnishes hints to better manage animals in the actual production
schemes.

Technical
support

Reason for
introducing
the scheme



510
Breeding Strategy Workshop

Case study: cattle in Italy

The presence of cattle of native origin interacting as part of the environment
has high ecological importance. Farms with pasturing animals, keep
meadows and grasslands in good condition, as a result of landscape and
farm management.

The support given by the national and regional governments is already
encouraging farmers to breed Modicana animals. Support for marketing
Modicana products will increase farm efficiency in the future especially
for the creation of a brand name defining products only from Modicana
farms. Consumers will be attracted by products having the Modicana label
because it represents, especially for Sicilians, a synonymous of traditional
breeding and production. A typical label for local breeds was successful
for Parmesan cheese of the Reggiana cattle. For Modicana it was decided
to follow the same procedure. In the near future, governmental support
and strategy for marketing Modicana products will stop the decreasing
trend of breeding populations. For the following years the positive genetic
trend of the selection scheme will be effective and the improved production
of the breed contributing to increased economic efficiency of breeding
Modicana animals.

Development of a milking machine together with the improvement of
udder conformation are needed to increase milk yield and milk with low
somatic cell count. Helping farmers to buy and use even simple milking
machines is one of the key actions that can improve efficiency of farms.
Also farmers should have a refrigeration system to enable them to keep
milk without having problems of the loss of quality.

Another key action is to organize regular collection of milk for all farms.
Modicana milk must be transformed in the cheese factory or in the farms
without being mixed with milk from cows of other breeds. Only in this
way can milk have a higher price due to certified cheese to be produced
only with Modicana milk.

A good extension service should help farmers to make culling decisions,
choose semen from improved sires, increase health and fertility of the
herd and choose a feeding system. A specific extension service is needed
for improved participation in the selection scheme.

Genetic changes of the Modicana breed of milk yield traits were not
significant during the last ten years with the exception of a small positive
trend for all productive traits for the last generations. Positive trends were
probably due to farm selection and reduction of worst genotypes by the
diminishing number of small and less developed farms. The expected
genetic trend when the selection scheme will be fully operative is about
35 kg of milk yield per lactation. It is more difficult to predict genetic change
for the planned selection to improve meat production by cross-breeding
Modicana cows with beef cattle sires.

Future
activities and
results
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The Iberian pig population is the most important population of the
Mediterranean type, one of the three ancient types of domestic pigs. For
centuries, this population was maintained with a large effective size
submitted to the hard environmental conditions of the semiarid continental
climate of the Southwest of the Iberian Peninsula. The characteristic habitat
of the Iberian pig is the Dehesa or Montado in Portugal. These are sparse
Mediterranean woodlands in which evergreen and cork oaks predominate
and in which shrub growth has been reduced by man. The Dehesa
constitutes an interesting ecological model of interaction among woodland,
grassland and livestock and an important reserve for wild fauna and flora.

Without selective preponderance of any group of breeders, the breed
conformation was developed through a process of adaptation to this
environment and to the high demand for animal fats. The morphology of
the Iberian pig makes it resistant to sunstroke and the high summer
temperatures and enables it to travel far in search of food: it has dark skin
and hair colour, a pointed snout and legs that are both long and strong. It
can endure long periods of hunger because of its low basal metabolism
and the early formation of fatty tissues. The thick layer of subcutaneous
fat and the high level of intramuscular fat make its meat adequate for
dry-cured meat processing, which allows storage and consumption of meat
products for the whole year.

Although in the traditional population there were different local varieties
(black hairless strains and red, golden or pied varieties), the
aforementioned features and others such as short and jowled neck,
medium length trunk and pigmented hooves of uniform colour are shared
by all Iberian pigs.

The main objective of the production of Iberian pigs is to obtain heavy
pigs (160-180 kg of slaughter weight) destined to be processed as high
quality dry cured meat products. Three different systems of fattening of

Iberian pig breeding programme

L. Silió

Departamento de Mejora Genética y Biotecnología,
INIA, Madrid, Spain

Breed

Production
systems
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castrate animals, with increasing input level and decreasing quality and
price of the final products, are used today to produce Iberian pigs for
slaughter:
a) The extensive system depends on the seasonal availability of mature

acorns (Montanera), usually from early November to late February.
The whole productive cycle of the animals is planned to achieve 90-
110 kg weight at the beginning of the Montanera, with a minimum age
of ten months. In this preliminary period, a common objective is the
maximum use of field feeding resources: grazing on the spring pastures,
stubble fields and any available crop, but supplementation with
concentrate feeds is not unusual with restricted feeding. The feeding in
Montanera consists, for the most part, of acorns (6-10 kg/day) and
variable intake of grass as well as roots and bulbs. A reference value
for the total fattening capacity in Montanera has been 5-6 at (57.5-69 kg,
1 at = 11.5 kg), corresponding to an average carrying capacity of 0.5
pig/ha. The present tendency is to increase this in order to be able to
increase the number of pigs produced by the Dehesa, whose total surface
cannot be extended in the short term.

b) Unfavourable weather conditions or excessive carrying capacity make
it necessary to resort to another extensive system of production called
Recebo. In this system, with medium input level, low quantities of
acorns are supplemented with concentrate feeds during the fattening
period or, alternatively, if the acorns run out and the pigs have not yet
attained the required slaughter weight, the fattening is prolonged as
necessary with commercial feed stuff.

c) Only 35 percent of the pigs are fattened in the two previous extensive
systems. The fattening of the remaining 65 percent is based exclusively
on the ad libitum intake of concentrate feeds (Pienso). In this system,
with the higher input level, pigs are kept indoors or closed in open-air
fenced areas. This intensive system is particularly appropriate for Duroc
x Iberian cross-bred animals, that are commonly slaughtered at only
10-11 months of age.

The fat of the acorn has a very high concentration of oleic acid (>60 percent
of fatty acids) and limited concentration of linoleic and saturated fatty
acids. Since the pig is a monogastric animal, the fat of pigs fattened in
Montanera has a high concentration of oleic acid and low concentration of
linoleic, estearic and palmitic acids. This fact is used to verify the system
of fattening and to establish the corresponding prices of fattened pigs
according to the analysis of fatty acid composition of samples of
subcutaneous fat. A minimum concentration of oleic acid (54 percent) and
maximum concentrations of linoleic (9.5 percent), estearic (9.5 percent)
and palmitic (21 percent) acids are required to obtain the qualification of
Montanera pig, the respective values for Recebo pigs being 52, 10.5, 10.5
and 23 percent and the remaining animals are qualified as Pienso. The
price per kg of liveweight in the period 1987-1999 ranged from 2 500 to
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4 400 Pts/at (217-383 Pts/kg) for Montanera pigs and from 1 600 to
3 500 Pts/at (139-304 Pts/kg) for pigs fattened with concentrate feed, the
prices of pigs fattened by the Recebo system was immediate.

Although it is an aspect which demands deeper research, the characteristic
marbling of the meat of Iberian pigs and the high concentration of oleic
acid provided by the acorns are considered essential for appropriate
ripening and flavour development of the products.

The Iberian breed was the most important breed of pigs in Spain until
1960, with 567 000 sows recorded in the official census of 1955. Since then,
the number has been drastically reduced due to three simultaneous factors,
namely the:
• depreciation of animal fats;
• outbreak in Portugal and Spain of African Swine Fever;
• massive introduction in Spain of foreign pig breeds.

Cross-breeding of Iberian with several colour-coated breeds was started:
Tamworth, Wessex, Berkshire, Large Black, Duroc-Jersey and even Large
White. Crosses with Duroc became predominant over other options, most
of the commercial pigs containing 25 or 50 percent of Duroc genes. The
old structure, with differentiated varieties locally diffused and rare genetic
interchange among herds, was substituted by a new pyramidal structure
characterised by:
• a strong dependence on a small number of elite herds in order to supply

pure-bred Iberian breeding animals;
• absence of a specific tier of cross-bred multipliers: Iberian x Duroc

cross-bred sows are obtained both in nucleus or commercial herds.

Obviously, the elite herds, located both in private and public farms, were
the target of the breeding programme, when it was initiated in 1993.

According to the official census of 1986, the number of pure-bred Iberian
sows was 72 000 with other 38 000 cross-bred. The corresponding figures
were estimated in 1990 as 31 000 and 71 000 sows, respectively, but the
tendency has been reversed during the last years. The estimates obtained
for 1998 indicate 107 000 pure-bred and 93 000 cross-bred sows, with an
increase of the total number of sows and the proportion of pure-bred
Iberian sows, although most of them are dedicated to crossing with Duroc
boars.

An increased demand for Iberian pig products occurred in recent years
and has attributed to a higher standard of living and a revaluation of
traditional foods of top quality. The total number of slaughtered pigs
registered a twofold increase from 1986 (841 000) to 1998 (1 690 000). The
distribution of the latter according to the system of fattening was
354 000 (Montanera), 236 000 (Recebo) and 1 100 000 (Pienso).

Census
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A breeding programme for Iberian pigs based on farm records was
designed by the Spanish Association of Iberian Pig Breeders (AECERIBER).
For this purpose, a Commission on Genetic Improvement was constituted
with animal geneticists from research centres and member representatives
of farmers, the processing industry and regional and national public
institutions related to pig production. The following objectives were
adopted to initiate the breeding programme:
• development of the breed herd book, avoiding the introgression of

foreign genes from cross-bred animals used as reproducers;
• characterisation of the productive performance in extensive conditions

of the diverse surviving varieties of the breed;
• genetic improvement for the most disadvantageous traits of Iberian

pigs (growth and conformation of the most valuable cuts: hams, forelegs
and loins).

According to the previously described characteristics of the population
and the extensive production system, a breeding programme of the Iberian
breed must overcome several important difficulties that can be summarised
as follows:
• identification of animals and data recording of field and slaughter

performances;
• genealogical control;
• limited connection among herds, due to the unusual artificial

insemination.

Several risks must also be avoided:
• possible loss of rusticity;
• reduction of meat quality;
• extinction of local varieties of lower performances.

According to the productive cycle of their farms, the Iberian pig breeders
can be grouped into two types that require different approaches: farmers
producing piglets, that are sold at three months of age and farmers that
extend the productive cycle until the obtention of heavy pigs for slaughter
(Complete Cycle). Consequently, the scheme of genetic evaluation
developed by AECERIBER combines:
• intra-herd genetic evaluation for weight at 90 days, focused on breeders

producing piglets in farms controlled by AECERIBER;
• genetic evaluation for growth in the fattening period and carcass

composition based on data annually recorded in family groups of
animals sampled from some of the previous herds and tested under
uniform extensive management, including fattening in Montanera.

Reproductive traits like litter size are not included in any of the two types
of evaluation, mainly because of the scarce genealogical information
available in each one of the farms is not sufficient to accurately estimate

The breeding
programme
approach
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the breeding values of low heritable traits such as prolificacy. On the other
hand, the production costs of piglets represent a very small proportion of
the production costs of heavy pigs.

This evaluation utilises records obtained in the farms from piglets when
both parents are known. A modification of the traditional system of mating,
in which two groups of boars and sows are confined in a pen for four
weeks, is required to control the paternity using only one boar. Individual
electronic microchips are used to identify the piglets born in litters with
known pedigree. These litters constitute the main input of genealogical
information for the recently established herd book of the Iberian breed. A
panel of seven microsatellites (CGA, IGF1, Sw2419, Sw911, S0106, S0068,
Sw936) mapped in different chromosomes and simultaneously genotyped
in multiplex, can be used to check pedigrees in Iberian pigs, with the joint
probability of exclusion of paternity equal to 99.91 percent.

The ensemble of information used in the last evaluation for this trait is
summarised in the following table:

Regions Farms Breeding
animals

Piglets with
records

Extremadura 12 756 4 683

Andalucía 13 515 3 525
Total 26 1 271 8 208

This information has been used, separately for each one of the farms, to
estimate the breeding values for weight at 90 d (EBVWT90d) of the controlled
piglets and their parents. Details of the methodology of genetic evaluation
can be found in the Annex. Given the poor connection among herds, the
validity of these evaluations is restricted to the corresponding farms. In
the absence of other recorded traits, the value of the estimated breeding
value for WT90d constitutes the genetic index adopted in this type of
evaluation.

The breeding goal for the farms of complete cycle was defined according
to the results of an economic study of the production of Iberian pigs during
the last decade. The following economically most important traits were
combined in the breeding goal:
• average daily growth during the final fattening period, that also

measures the rusticity as adaptation to the Montanera;
• weight of the most valuable cuts (hams, forelegs and legs) adjusted for

a common carcass weight.

Genetic
evaluation for
liveweight at
90 d

Genetic
evaluation for
growth and
carcass
composition
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Since 1993 AECERIBER has carried out annual tests of performance for
these traits based on family groups of animals sampled from different
herds and transferred to a common farm in order to estimate the:
• productive differences among the main varieties and lines;
• breeding values for growth and carcass composition of the breeding

animals genetically related with the tested animals.

These tests are executed under uniform extensive handling and allow the
comparison of the EBV of reproducers born in different herds despite the
weak genetic connection between herds. Due to sanitary and management
causes, two separate trials have been performed including herds from the
Extremadura and Andalucia regions. Pigs are finally slaughtered and cut
in the same slaughterhouse, where the weight of carcass and most valuable
cuts are recorded. At present, a total number of 753 castrate pigs from
60 boars and 258 sows have been tested in Extremadura and another
735 castrate pigs from 55 boars and 255 sows were tested in Andalucia.

One of the most remarkable results of these analysis is the evidence of
strong differences in performance between some of the varieties or lines
used in the different farms. The line of higher productive performance is
a composite line (Torbiscal) resulting from the blending of four ancient
Portuguese and Spanish strains in 1963 and posteriorly selected in an
experimental farm. The less productive varieties for these traits are two
types of hairless pigs. The differences between these extreme lines are:
201 g/d (ADG) and 2.4, 1.3 and 0.8 kg for the adjusted weight of hams,
forelegs and loins, respectively. Expressed as percentages of the mean,
these figures correspond to: 33.7, 11.6, 9.5 and 25 percent. These differences
reinforce the specialisation of the diverse lines, with an increasing diffusion
of the most productive lines specifically to obtain commercial pure-bred
Iberian pigs and limit the use of the hairless varieties to cross-breeding
with Duroc.

In the present approach, all the traits included in the breeding goal are
used as index criteria. The genetic evaluation based on several traits
requires the weighting of the corresponding estimated breeding values
(EBV). Economic weights for ADG, hams and loins were calculated with
conventional methods according to data of prices and costs in the last ten
years. A singular calculation was carried out for the forelegs, a trait where
a minimum weight (5.5 kg) is required by the industry. In this case, the
trait distribution in the population and the price difference between forelegs
within and outside the optimum range must be considered to calculate
the corresponding economic weight. The resultant genetic-economic index
that has been used in the genetic evaluations of the complete cycle was:

6.90*EBVADG + 2000*EBVHAMS + 1300*EBVFORELEGS + 2200*EBVLOINS

Breeding goal
and
standardised
genetic index
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A standardised index (mean = 100; SD = 10) was also calculated,
transforming the previous values. The estimated breeding values for the
diverse traits and the global and standardised indices are facilitated to the
farmers for easier interpretation of the genetic merit of the animals.
Standardised indices (Std. Index) allow the single classification of breeding
animals such as:
• Very Good (Std. Index > 120)
• Good (105< Std. Index < 120)
• Acceptable (95< Std. Index < 105)
• Bad (Std. Index < 95)

These indices are used in the public auctions which constitute an important
way to dissemination of improved males and females.

Financial support for this breeding scheme is provided by the central and
regional governments: a fund of 4 500 000 Pts is supplied annually by the
Ministry of Agriculture, Fish and Food (MAPA) of Spain, related to the
management of the herd book of the breed and a total of 8 000 000 Pts are
annually supplied by the Agriculture Regional Departments of
Extremadura and Andalucia to carry out the performance tests of the
complete cycle. Policy aspects of the herd book and the implementation
of the breeding scheme are specified in two Resolutions of MAPA of Spain
adapted to EU regulations.

The level of acceptance of the scheme increases over time and the
performance of 500 heavy pigs will be annually tested in future campaigns.
Four main inefficient aspects have been evidenced in the execution of the
breeding programme:
• pig identification is not always guaranteed by the electronic microchip

due to the thick and soft subcutaneous fat which may require regular
replacement; the parallel use of eartags is required despite the high
proportion of lost tags which are necessary to replace regularly; this
problem will be especially important in the next campaigns due to the
increasing number of tested animals;

• genetic evaluation for fattening growth and carcass composition is
achieved for a low number of breeding animals with more than two
and a half years; increased controlled matings are necessary to build a
more dense pedigree with a large number of young animals genetically
related to the performance tested pigs;

• a number of boars lower than foreseen is utilised by some farmers in
controlled mating, resulting in a biased sampling of the correspondent
herds where boar family and herd risk being confused;

• separation of the two trials (Andalucía and Extremadura) restricted
the validity of the comparison of genetic merit to the breeding animals
from farms of the same region; in the future, both trials must be
connected overcoming the present barriers.

Inefficiencies
of the
breeding
programme
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Other changes must be introduced to the scheme in order to avoid some
of the risks quoted in the previous paragraph, namely:
• meat and fat quality parameters (percent of intramuscular fat and profile

of fatty acids) will be individually recorded in future campaigns using
cheap and non-invasive techniques (Near Infrared Spectroscopy applied
to samples from the masseter muscle); these traits will be included in
the breeding goal in the next three years in order to attain genetic
progress for growth and carcass traits compatible with the preservation
of meat quality;

• the possible substitution and/or extinction of hairless varieties due to
their lower performance can be attenuated with their appropriate use
in cross-breeding schemes; it requires a differentiated standardisation
of the index for the ensemble of pig lines mainly destined to
cross-breeding, based on the proper mean and standard deviation.

Once these changes have been implemented, the future of this scheme
will depend on the ability of the market to relate to the top quality,
dry-cured products with the pure-bred Iberian pigs fattened under the
extensive system. In this case, the number and size of the pure-bred Iberian
herds will be augmented, increasing the probability of achieving the
relevant genetic progress for the breeding goal. For this purpose, some
other operational changes can be suggested in order to increase the
selection differentials applied to both sexes and to reduce the long
generation intervals, namely:
• the use of artificial insemination can be recommended as a tool to

increase the use of boars with higher genetic merit, dissemination of
genetic progress and connection among herds, although it requires
important changes in the present extensive management of sows that
make the detection of estrus difficult;

• the integration of several connected herds in group schemes can facilitate
the selection across herds, development of performance tests based on
farm data for fattening growth and carcass composition and the eventual
inclusion of litter size in the breeding goal.

Adaptation to the Dehesa ecosystem, top quality of dry cured products
and preservation of the genetic diversity of the population are the basis of
the Iberian pig production, that cannot be removed by the genetic progress
attained from the breeding programme.

Future
progress
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An Animal Model was used to estimate the breeding values for weight at
90 d (EBVWT90d), including the litter common environmental effect as a
second random effect:

y = Xb + Z1u + Z2c + e

where, y = vector of records; b = vector of fixed effects (mean, sex, year,
batch of farrowings); u, c, e = vectors of additive genetic effects, litter
common environmental effects and residuals and X, Z1, Z2 the
corresponding matrices of incidence. The genetic parameters used in the
evaluation for this trait were estimated from data recorded in the farm
with more available information, being the corresponding values: h2 = 0.21
(s.d. 0.11) and c2 = 0.16 (0.04).

A summary of the information recorded in the tests for complete cycle are
presented in the following tables:

Annex:
Performance
results and
statistical
models

Growth and carcass data recorded in Extremadura trial (pigs from ten herds).

Trait Tested
pigs

Mean SD CV Minimum Maximum

ADG†, g/day 753 597 153 26 174 1 345
Slaughter wt., Kg 753 162.5 16.7 10 90 216
Carcass wt., Kg 753 134.0 15.3 11 72.0 181.2
Hams, Kg 753 20.6 1.8 9 12.5 27.7
Forelegs, Kg 753 13.6 1.2 9 8.7 17.3
Loins, Kg 570 3.2 0.4 14 1.9 5.1
†recorded in the final fattening period (Montanera)

Growth and carcass data recorded in Andalucia trial (pigs from nine herds).

Trait Tested
pigs

Mean SD CV Minimum Maximum

ADG†, g/day 683 597 132 22 157 1 033
Slaughter wt., Kg 735 167.5 18.6 11 104 223
Carcass wt., Kg 735 138.9 15.3 11 85.2 192.6
Hams, Kg 735 20.8 2.2 11 12.4 28.3
Forelegs, Kg 735 14.3 1.6 11 9.7 19.7
Loins, Kg 582 3.1 0.4 14 2.0 4.4
†recorded in the final fattening period (Montanera)
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The previous information has been used separately for each one of the
trials, to estimate genetic parameters and breeding values for ADG, weight
of hams, forelegs and loins adjusted for carcass weight of the tested pigs
and their parents, using the following Animal Model:

y = Xb + Zu + e

where, y = vector of records; b = vector of fixed effects (mean, sex, year,
herd and carcass weight as co-variable in the analysis of prized cuts); u, e
= vectors of additive genetic effects and residuals and X and Z, the
corresponding matrices of incidence.

The estimates of heritabilities (in the diagonal) and genetic correlations
between the diverse traits, with their standard errors are presented in the
following table:

Genetic parameters for traits included in the breeding goal.

ADG Hams. Forelegs Loins
ADG 0.445 (0.043) 0.743 (0.074) 0.693 (0.079) 0.591 (0.090)
Hams 0.484 (0.050) 0.894 (0.038) 0.742 (0.058)
Forelegs 0.544 (0.063) 0.667 (0.070)
Loins 0.522 (0.069)
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The species involved are sheep, initially focussing on sheep bred and
managed for lamb production, but with a more recent widening of focus
to include Merino sheep which are bred and run primarily for apparel
wool.

The following chart and table show the basic production systems for
lamb/sheep production in Australia and the major breeds involved.

Major breeds used in the various categories include:

Terminal Sire Crossing Dual-purpose/self-replacing
Poll Dorset (0.67) Border Leicester (1) Corriedale (0.5)

White Suffolk (0.1) Coopworth (0.5)
Suffolk (0.1)
Texel (0.1)

The core product of the lamb industry is a lamb slaughtered at
approximately six months, with carcass weight of approximately 18 kg
and carcass fatness of 8-14 mm at the GR site (110 mm out from the
backbone at the 12th/13th rib).

There are in addition approximately 14 percent of slaughter lambs bred
as Terminal sire x Merino.

Overall, the Australian lamb production system results in cross-bred lambs
being produced primarily from higher rainfall zones within the country,
and the dams of these slaughter animals being produced in poorer
countries, to a large extent as an “off-shoot” of the Merino ewe population
(approximately 60 million).

LAMBPLAN: a sheep breeding strategy

R. Banks

CEO, LAMBPLAN, Animal Science, UNE,
Armidale 2351, Australia

The
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or species
involved
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Explanatory note for the diagram

Stud or Nucleus Population(s) Commercial Populations

The phrases in brackets in each text box in the diagram describe the input levels typical of the
locations/environments in which each type of animal is run within Australia:

Low: average feed availability and quality is low, and levels fluctuate widely. Parasite
burden can be high.

Medium: feed resources may be better managed especially for growing stock, but typically
there is a short growing season for pasture.

High: higher rainfall (>650 mm p.a.) supports more intensive pasture production, but may
still be quite seasonal. Wetter areas typically impose internal parasite challenges.

Figure 1. Crossing systems for lamb production in Australia.

 Crossing breed rams
(Medium-High)

 Cast-for-age Merino ewes
(Low-Medium)

 Terminal sire breed rams
(Medium-High)

 First-cross (F1) ewes
(Medium-High)

 First-cross (male)
slaughter lambs (8%)

(Low-Medium)

 Second-cross slaughter
lambs (43%)

(Medium-High)

 Terminal x dual-purpose
cross slaughter lambs (6%)

(Medium-High)

 Merino slaughter lambs
(21%)

(Low-Medium)

 Dual-purpose slaughter
lambs (8%)

(Medium-High)

 Dual-purpose/self-
replacing breed ewes

(male) slaughter lambs
(Low-Medium)
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This “stratified” system is analogous to that utilised within Britain, with
Merinos in harsh dry regions being analogous to the hill breeds run on
the high country in Britain. The “first-cross” in both systems “adds” better
genetic merit for maternal performance, and the “second-cross” “adds”
the genes of fast-growing, higher carcass merit terminal sire breeds.

In FAO developing country terms, I would assume that the overall input
levels are medium/high (but see above).

The total terminal sire breed ewe population (the stud or nucleus
population) is approximately 150 000, and the total of crossing and
dual-purpose/maternal breeds (again in the stud sector) is 75 000 breeding
ewes. The total Merino breeding ewe population (stud ewes) is
approximately 750 000 ewes.

LAMBPLAN initially targeted the terminal sire sector (1989-1995), then
began to increase efforts aimed at adoption within the
crossing/dual-purpose/maternal sector.

Dissemination of improved genetic material has been through the sale of
breeding animals within the stud sector, with more recently, a rapid growth
in the use of AI.

Dissemination to the commercial sector is via sale of commercial rams
and commercial ewes (where “commercial” means their progeny are grown
for slaughter).

Very little attempt has been made to change the mechanics of movement
and sale of genetic material, although as across-flock evaluation has been
implemented and breeders’ concerns about disease risk have increased,
AI has become much more widely used. LAMBPLAN has actively worked
with breeders and breeding groups to ensure cost-effective use of AI (and
more recently ET).

In the initial stages, where the focus was on terminal sires, the broad goal
was to enhance capacity to produce larger, leaner lambs. In the absence of
either value-based trading for slaughter lambs or clear price signals for
fatness/leanness, a simple “desired gains” approach was used with three
standard index options (and hence objectives):

• High Growth: designed to maximise genetic improvement in weight
at constant age whilst restricting genetic change in fatness to zero;

• High Lean: designed to maximise reduction in fat depth at constant
weight, with a small increase in weight at constant age;

The
approximate
input level

The
approximate
number of
animals
concerned

Sectors of the
breeds
involved and
dissemination

The approach
through which
the breeding
goal was
established
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• Lean Growth: designed to give equal (in genetic standard deviation
units) improvement in weight at constant age and fat depth at constant
weight.

The Lean Growth Option was accepted by breeders as the ideal “default”
option.

More recently, this approach has evolved considerably:
• In terminal sire breeds, index options are moving more and more

towards formal $ Indexes as more traits are incorporated and trading
of both seedstock and slaughter lambs become more and more
value-based;

• In dual-purpose/maternal breeds, formal $ Indexes were made
available almost as soon as the relevant traits were delivered (the
trait was defined, genetic parameters estimated, and Estimated
Breeding Values or EBVs produced), although simple “desired
gains” options have also been provided. The major maternal breeds
each have breed-specific $ Indexes, in some cases with more than
one option to suit particular production system x target market
niches.

In all cases, delivery of Index options has involved discussion with, and
feedback from, breeders and some iteration through time as breeders
consider more traits, the desirability of particular trait changes and the
strengths and weaknesses of their particular breeds/flocks.

Note that Index options tend to be “breed oriented”, although a very small
number of individual breeders have used customised indexes they have
developed either themselves or with some input from LAMBPLAN.

No formal plan was ever in place, but the key activities involved were:

• procedures for delivering EBVs and Index values were developed;
• these were promoted to breeders;
• the value of superior breeding stock was outlined and promoted to

commercial producers.

The plan
designed to
achieve this
breeding goal
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I think the approach outlined in the former chapter has continued to be
the basis of LAMBPLAN. What has changed (and this has been gradual),
is the range of traits for which EBVs can be produced, the range of Index
options, and more recently, the effort put into improving breeding
programme design at the individual and group level.

The stimulus for this evolution has been:

a) feedback from breeders wishing to incorporate more traits into their
breeding objectives; and

b) feedback again from breeders recognising the existence of some spe-
cific production pathway x target market niches, and seeking in-
dexes appropriate to those niches.

The following tables outline the traits available in LAMBPLAN and the
major Selection Index options available (excluding Merino Indexes at this
point). The traits measured and/or reported in LAMBPLAN are reported
in table 1.

Maternal and direct EBVs for all weight traits will be available by August
1999.

The main Selection Index options available through LAMBPLAN are
outlined in the table 2.

The previous tables outline the range of traits for which EBVs can be
produced. Clearly, many of these can be used as criteria in a multi-trait
evaluation system, for the traits included in the indexes outlined above.

LAMBPLAN has worked with breeders to identify the cost-effectiveness
of different combinations of criteria (in terms of accuracy of the resulting
Index values and hence potential for genetic gain). The decision as to which
criteria will in fact be measured rests with the breeder or breeding group.

LAMBPLAN has recently introduced “Data Quality Grades”, which are
recording and measurement protocols differing in their effect on individual
trait and index accuracy. Gold is quite intensive recording, silver less so,
and bronze lower still. These Grades are an attempt at a more practical
approach to accuracy/reliability, and have been enthusiastically adopted
by LAMBPLAN clients.

At what stage
of the
development
of the
programme
did the
diversion
occur?

Traits
included in the
breeding goal

The selection
criteria
followed
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Table 1. Traits measured and/or reported in LAMBPLAN.

Trait code Trait name
bwt Birth weight
wwt Weaning weight
wwtm Weaning weight maternal
pwwt Post-weaning weight
cwt Carcass weight
ywt Yearling weight
hwt Hogget weight
awt Adult weight

Trait code (cont’d) Trait name (cont’d)

pwcf Post-weaning fat depth
cfat Carcass fat depth
ycf Yearling fat depth
hcf Hogget fat depth
yfat Yearling GR fat depth

pemd Post-weaning eye muscle depth
cemd Carcass eye muscle depth
yemd Yearling eye muscle depth
hemd Hogget eye muscle depth

ygfw Yearling greasy fleece weight
hgfw Hogget greasy fleece weight
ycfw Yearling clean fleece weight
hcfw Hogget clean fleece weight
acfw Adult clean fleece weight

yfd Yearling fibre diameter
hfd Hogget fibre diameter
afd Adult fibre diameter

nlb Number of lambs born
nlw Number of lambs weaned
ysc Yearling scrotal circumference

pfec Post-weaning faecal egg count
yfec Yearling faecal egg count

NB: in addition, a range of wool style/quality traits, and a
range of structural soundness traits, are being introduced to
LAMBPLAN during 1999. Research is now being initiated that
will lead to the implementation of a range of eating quality
traits during 1999/2000.
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See material on chapter "Sectors of the breeds involved and dissemination".

The lamb industry has a clear division between breeding flocks (studs, or
the nucleus) and commercial production flocks.

There is little formal structure within the breeding sector, although
LAMBPLAN has worked with a number of groups that are now becoming
the elite nuclei (dispersed) within their respective breeds (or composites).

A small number of nucleus or group breeding schemes have existed from
time to time, with initial screening usually relatively unplanned and
inaccurate genetically.

Since the move to across-flock evaluations, newer moves are being made
to establish genetically elite nucleus operations, both within pure-bred
and new composite populations. Technically these are very advanced,
but it remains to be seen whether these operations will have the business
skills to develop and win significant market share.

Table 2. The main Selection Index options available through LAMBPLAN.

Index Selection Emphasis (as % of Total Genetic Change)

wwt ywt Yfat yemd ygfw yfd nlw
Wool &
Reproduction

10 20 - 20 - 5 20 - 25

Dual-purpose +
Muscle

20 20 - 0 20 20 -

Corriedale Standard 20 0 20 20 20 0 20
Corriedale +
Growth

23 27 0 10 20 0 20

Coopworth 18 25 - 1 5 16 - 35
Border Leicester 15 25 - 3 6 16 - 35

Terminal Sire ~
60:20:20

60 - 20 20

Terminal Sire ~
80:10:10

80 - 10 10

N.B.: absolute values across a row sum to 100; where a – sign is included this indicates
direction of selection.

Dissemination
of improved
material

The
population
breeding
structure
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The following tables outline investment levels by source into LAMBPLAN
over the period 1998-1997, and 1998-2002. Note that all values are in Aus$
million.

Farmer and
government
involvement

Financial support

 Table 3. Return on Investment in LAMBPLAN (Aus$ million) 1988–1997.
 

Expenditure (-) and
benefits (+)
in Aus$ million
over 1988-1997

Breeders Levy
payers

Gov’t.
Direct

Processors
and

retailers

Totals

Genetics R&D -1.1 -1.1 -2.2
LAMBPLAN delivery -1.6 -0.9 -0.9 -3.4
Breeder cost/return +11.6 -11.6
Producer cost/return +13.3 -13.3
Cost/return to others +48.0 +48.0
Net Benefits +10.0 -0.3 -2.00 +34.7 +42.4
% of the Aus$48 m
benefit - by sector +23.6% -0.1% +81.8% =100%
Benefit to cost ratio 6.25 to 1 0.98 to 1 3.6 to 1 7.6 to 1

 Table 4. Return on Investment in LAMBPLAN (Aus$ million) 1998-2002.

Expenditure (-) and
benefits (+)
in Aus$ (million)
over 1988-1997

Breeders Levy
payers

Gov’t.
Direct

Processors
and

retailers

Totals

Genetics R&D -1.0 -1.0 -1.9
LAMBPLAN delivery -0.6 -0.3 -0.3 -1.1
Breeder cost/return +37.3 -37.3
Producer cost/return +73.0 -73.0
Cost/return to others +263.4 +263.4
Net Benefits +36.7 +34.4 -1.3 +190.4 +260.4
% of the Aus$260 m
benefit - by sector +14.1% +13.2% +73.1% =100%
Benefit to cost ratio 61 to 1 1.9 to 1 3.6 to 1 8.8 to 1

 
 

 R&D Levies: under industry development legislation in Australia,
sheep and beef producers pay a small (up to 2 percent of gross value)
ad-valorem levy to a farmer-owned corporation (Meat and Livestock
Australia (MLA). This corporation invests these funds in R&D,
marketing and promotion, training and so on. The R&D funds invested
are matched up to specified limits by Commonwealth Government
funding. The levy-payers are therefore commercial sheep and beef
producers.
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Note that it is expected that breeders and the combination of commercial
producers and taxpayers will approximately equally share the direct
LAMBPLAN costs (management, database, data processing and reporting
and direct research) over the next five years. Commercial producers and
taxpayers will share the costs of expected general genetics research (new
traits, genotype x production system interaction and gene markers) over
this period.

Clearly, overall “system performance” over the next five years should be
much better than during the first ten. This is due to the joint impact of:

a) the lag time for improvement to flow into the commercial population;
b) considerable increase in rate of genetic gain after the move to across-

flock evaluations.

Finally, this analysis highlights two features that are typical of the
development of livestock improvement systems:

a) there is a lag period before benefits accrue, which depends on the
generation length of the species, the rate of adoption of genetic selec-
tion as well as on the rate of gain; and

b) there is an uneven distribution of benefits within livestock supply
chains, the majority share accrues to processors, retailers and con-
sumers. The benefit accruing to consumers is in the form of lower
real price of food and improved quality and may be considered as
the “benefit” that the industry has to deliver to consumers simply to
sell anything.

Also, the relative distribution of benefits will vary as the system develops.
The fact that the majority share of the benefits of investment in genetic
improvement accrues off-farm, means that genetic improvement effectively
“buys” market share in the medium- to long-term. Lack of genetic
improvement virtually guarantees loss of market share through failure to
maintain or increase real price competitiveness and often also through
suffering an increasing quality gap with alternative consumer products.

The following three charts outline growth in numbers of animals being
evaluated through LAMBPLAN differentiating terminal sire and dual-
purpose/maternal animals, in numbers of flocks using LAMBPLAN and
average numbers per flock and total numbers by drop.

Numbers of studs using LAMBPLAN and numbers of animals being tested
have grown steadily, and continue to grow, as has average number
evaluated per flock.

Levels of
acceptance of the
scheme over time
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Note that the total “market” for terminal sire breed animals is
approximately 150 000 p.a. and for dual-purpose/maternal is
100 000 animals p.a. Current throughput is approaching 70 percent of all
terminal sire breed animals per drop, some 11 percent of crossing breed
animals and 85 percent of dual-purpose/maternal.

LAMBPLAN Throughput by Year of Drop

0

10 000

20 000

30 000

40 000

50 000

60 000

70 000

80 000

1990 1991 1992 1993 1994 1995 1996 1997 1998

Year of Drop

Materna
Terminal

NB:animals still
coming in from
1998

N
um

be
r 

of
 n

ew
 y

ou
ng

 a
ni

m
al

s

Nos. of Flocks using LAMBPLAN and Average No. Animals per Flock

0

100

200

300

400

500

600

700

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Year of Drop

N
um

be
r

# Flocks

Average Animals per Flock



531

Banks

ICAR Technical Series - No 3

NB: data from the 1998 drop will continue to come into the database for
the next ten to twelve months and we expect another small amount of
data from the 1997 drop.

These totals do not include Merino data.

Note that the average number of animals per flock is rising steadily, as
breeders enter more female animals and a proportion of breeders are
increasing their flock sizes.

Total Animals per Drop in LAMBPLAN
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No specific policy or legislative issues have been involved in the
development of LAMBPLAN, apart from the decision of the Meat Research
Corporation to invest R&D levies in the programme and some supporting
R&D projects during the period 1986-1999.

Policy
development
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Most farmer support has been very simple extension aimed at highlighting
the on-farm value of differences in EBV or Index via terminal sires.
Typically these “trials” have involved generating between 100 and
500 lambs sired by High v Low or High v Average sires. Farmers are then
involved in collecting data on the lambs, following the lambs through to
slaughter and even retail, and evaluating the differences in progeny
performance.

Further support has focussed on involving EBV information in sire buying,
usually at auction.

More recently, a considerable effort has been made to encourage and assist
the development of farmer production and marketing alliances, with some
emphasis on ensuring that seedstock sources are appropriate to the
production system x target market niche. This extension has involved not
only awareness of genetics, but also improved feeding and management,
value-based trading and coordinated marketing.

Industry has invested in a number of R&D projects designed to enhance
and support LAMBPLAN. These are briefly outlined below:

1. Meat Elite: establishment of an elite terminal sire nucleus flock
incorporating CT-scanning in measurement protocols. This project
achieved a number of outcomes: successfully producing crops of very
high merit animals that have had enormous impact on industry,
development of genetic parameters for some body composition traits,
assisting industry in practical evaluation of nucleus schemes and leading
to the establishment of highly successful dispersed nucleus programmes
in all major meat breeds in Australia.

2. Maternal Trait Genetic Parameters: a straightforward variance
component estimation project focussed on traits relevant to
dual-purpose and maternal breeds.

3. Commercial Progeny Expression of Sire EBVs under varying nutrition:
progeny testing sires ranging in genetic merit in a number of
sex x nutritional regime treatments.

4. Terminal Sire Central Progeny Testing: wide-scale progeny testing of
industry terminal sires in a small number of central locations (usually
government research stations) with designed linkage between sites and
years. Over 400 sires have been tested over nine sire intakes. The
programme is now evolving to concentrate on young genetically elite
sires with most testing efforts focussed on carcass composition and
eating quality traits.

5. Maternal Central Progeny Testing: a smaller scale and more recent
version of the Terminal CPT, evaluating sires from a number of breeds
largely on the basis of their cross-bred daughter lifetime performance.

Type and
nature of
technical
support

Farmer support

Research and
development
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6. Structural Trait Genetic Evaluation: now close to completion, this project
has been stimulated by the increasing use of AI (and ET), and greater
concern about disease risks.

Recently, LAMBPLAN has been involved in developing a number of R&D
projects which will focus on detection and utilisation of genetic
markers/QTLs/major genes for carcass and meat quality traits. Not all of
these will be funded, but there will be major effort in this area during the
next five years.

Throughout all these projects, there has been a very strong focus on
strengthening links between research and practice and on encouraging
wider adoption of measurement, objective selection and cost-effective
breeding programme design.

Most training efforts have been limited to maintaining animal assessment
and basic advisory skills in the LAMBPLAN Field Operators (accredited
fat and muscle scanners), and in general extension to breeders and
commercial producers.

I think it is fair to say that no activities have been unsuccessful: all have
involved evaluation and demonstration of the value of genetic differences
in production traits in some way, and all have aimed at promoting wider
adoption of recording and use of genetic information.

To date, LAMBPLAN has had the least success in achieving adoption in
the Border Leicester breed, which is used as a crossing sire and for which
ram prices are essentially unrelated to daughters’ lifetime performance.
This breed has a very traditional “attitude”, but is now facing serious
competition from new dam breeds and composites and from genetically
improved dual-purpose Merinos. Within the next five years, the breed
seems likely to undergo serious decline in ewe numbers. A small dispersed
nucleus programme has been established throughout the breed, and there
is evidence of satisfactory genetic improvement within the Border Leicester
flocks using LAMBPLAN.

In hindsight, I believe greater effort should have been made to introduce
across-flock evaluation earlier. This would have required better R&D
coordination within Australia and greater expenditure on extension, but
there is clear evidence of accelerated genetic gain after the transition from
within-flock to across-flock. It is important to stress, however, that the
extension challenges arising would have been very much greater, because
of the pressure placed on breeders by the existence of across-flock
evaluations.

Training

What actions
were
successful?
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LAMBPLAN was introduced as part of a relatively well-coordinated
approach to turning around the fortunes of the Australian lamb industry.

By the mid- to late-1980s the industry was in serious relative decline, due
to rejection of its basic product by consumers (for being too fatty and with
insufficient lean meat), and to non-competitive cost-of-production.

The initial focus of LAMBPLAN was on terminal sire breeds, which (in
hindsight) provided an opportunity to rapidly address the product appeal
problem. As this has been tackled and gradually improved (average carcass
weight is now rising by approximately 0.4 kg per year, with a steady
decline in carcass fatness at constant weight), attention is shifting to include
reducing costs-of-production through improved maternal efficiency.

A prototype of the scheme was developed by the NSW State Department
of Agriculture, with very simple, one-on-one, extension and servicing.

This was extended nationally under the aegis of the Meat Research
Corporation, beginning in 1988. A small number of key breeders were
involved from the start.

During this phase, the involvement and dedication of a very small number
of experienced extension personnel was critical to steady adoption and to
give a sense of ownership amongst breeders who used the scheme.

Since LAMBPLAN was launched as a national programme in 1989, there
has been continuous involvement of a very small number of individuals,
scientists, advisers and field technicians. There has been one national
coordinator throughout that time. The dedication and patience of these
individuals has undoubtedly been critical.

Equally important has been the steady programme of supporting R&D,
always focussed on practical, commercial outcomes and wherever possible
aiming at very simple messages for breeders and producers.

Increasingly, breeders have taken more and more ownership of the
programme, reflected in the fact that as of 1998, LAMBPLAN has been
adopted as part of the farmer-owned Meat and Livestock Australia, and
breeders have accepted the challenge of meeting full cost-recovery for
LAMBPLAN services.

Finally, it is important that LAMBPLAN has been part of a wider industry
programme aimed at improving all factors affecting product quality and
cost-of-production throughout the value chain: breeders have been
continually made aware that all sectors of the industry face the challenge
of continuous improvement.

Reasons for
introducing
the scheme

What are the
most
significant
activities of
the scheme?
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Two areas of technical development are obvious:

• enhancing electronic data capture at all points and increasing web-based
reporting;

• providing for some “product differentiation” between clients simply
interested in basic genetic information and those pursuing extremely
high rates of genetic gain, and/or closer commercial integration with
customers/partners through the value chain.

In addition, LAMBPLAN faces some decisions concerning the optimal
skills base of the field technicians and accredited consultants, and the exact
nature of their contractual relationship(s) with LAMBPLAN and its clients.

Expanding on this point, it seems almost certain that there will be increasing
emphasis on providing more and more advanced training in the skills of
animal breeding.

This implies that the future success of the LAMBPLAN business depends
on maintaining steady growth in, and effective integration of:

• technical “power”, the capacity to understand and utilise genetic
variation;

• practical and commercial competence ensuring that breeders, producers
and others in the supply chain know how to exploit genetic variation
and to manage the businesses that depend on this.

LAMBPLAN is currently considering developments in a number of areas.
These will only be implemented if careful assessment and market research
suggests that they will add to technical and/or commercial effectiveness
and to client satisfaction.

These potential developments include:

• moving to fortnightly (or weekly) complete updates of all evaluations
(currently carried out monthly);

• moving to across-breed evaluations initially for terminal sires and then
for all breed groups;

• incorporation of procedures for evaluating, reporting and utilising
markers, QTLs and major genes;

• delivery of tools for integration of genetic and management decision-
making through the value chain;

• direct contracts for genetic information delivery and management
through to retail;

• closer involvement in the adoption of advanced reproductive and
genetic analysis technologies;

• evolution of the relationship between LAMBPLAN and its clients
towards relationships more closely resembling business partnerships;

What changes
should be
made now to
the design and
operation of
the scheme to
make it more
successful and
why?

What are the
future
directions for
development
in design,
operation and
policy to
expand the
success of the
scheme over
time?
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• direct investment in technologies utilising more intensive genetic
information.

LAMBPLAN has progressed through a steady development process to
this point: this process is summarised in the following table and chart
(over page).

Table 4. Phases in the development of the LAMBPLAN system.

Phase Time
Period

Value-adding Processes Average Rate
of Gain (Index

Standard
Deviations per

Year)
Pre-
LAMBPLAN

Pre 1988 Very limited data,
limited adjustment for
fixed effects

0

Sire Model,
Within-Year
and Flock

1988 -1995 Steady growth in data,
better adjustment for
fixed effects, use of
half-sib information,
within-flock and
within-year evaluation
only

0.13

Animal
Model,
Across-Flock
and Year

1994 -1999 a) Continuing growth
in data, improved
models, across-
flock and across-
year evaluation.

b) Organized
programmes using
AI

a) 0.31
b) 0.70

“TGRM plus” 1998 Continuing growth in
data and better models,
across-breed
evaluations, TGRM
plus major gene
technology plus
reproductive
technologies

Average
approximately
0.50, but full
application of
breeding
programme
design tools
will achieve
>1.5

“TGRM plus”: an informal phrase indicating that LAMBPLAN is moving to
focus service around the TGRM product, and linking a range of analysis and
value-adding components into the overall package of genetic information
delivered to clients.
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LAMBPLAN is now entering an era where the service provided to clients
is in fact management of the entire genetic resource, so that optimal
breeding programme design is the core output, but which comprises a
series of “information components”, such as EBVs, Indexes, and so on.

These estimates are presented as genetic trends for the major indexes used
in the major breeds using LAMBPLAN. Selection emphasis in these
Indexes is summarised in the Table 1.

Genetic trends in component traits are available from the author: they are
generally in line with predictions from index theory both in amount and
relative change, or balance of response. The “balance of response” has
become closer to prediction as breeders are made aware of the importance
of ensuring that the appropriate data is available to support reliable genetic
prediction.

The number of traits included in the indexes seems almost certain to
increase as:

a) producers, processors and retailers become more aware of the impact
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of genetic differences on profit functions at each stage in the supply
chain;

b) breeders (and others) become increasingly aware of the benefits of
genetic change (and of the costs of unwanted or unanticipated correlated
responses).
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Genetic trends in Merinos using LAMBPLAN - maternal traits

Genetic Trends in Merinos using LAMBPLAN - major wool traits

Genetic Trends in Merino LAMBPLAN - Wool Traits

-0.25

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

1991 1992 1993 1994 1995 1996 1997

Year of Drop

B

Fibre Diameter
Clean Fleece Weight
CV of Fibre Diameter

A
ve

ra
ge

 E
B

V

Genetic Trends in Merino LAMBPLAN ~ Maternal Traits

-0.40

-0.30

-0.20

-0.10

0.00

0.10

0.20

0.30

0.40

1991 1992 1993 1994 1995 1996 1997

Year of Drop

A
ve

ra
ge

 E
B

V

Body Weight
Markin g Rate

Marking Rate: average EBV x 100



541

Holst

ICAR Technical Series - No 3

The principal product of the Angora goat is mohair which is a long, lustrous
speciality fibre. The fibre is white with a mean diameter of about 25µm for
kids and 30-36µm for commercial adult grades. The fibres grow
continuously and the coat from superior Angoras is mostly free of
medullation and kemp (Wildman, 1954).

Angora goats originated in Turkey and were introduced to South Africa
in 1838, USA in 1849 and Australia in 1853. The first European settlers
brought dairy goats to Australia in 1778 and importations continued
thereafter. In 1853 acclimatisation societies and pastoralists (farmers)
imported Angora and Cashmere goats so that by the late 1880s there were
a few Angora flocks of several thousand animals. However, severe drought
over many years led to these animals being released (or escaped) into
public lands where they joined many other escaped dairy goats to form
what is now known as the Australian feral goat.

Today the feral goat is essentially a low-milking dairy goat type with an
undercoat of down (Holst, 1981). In 1950 only one recognised Angora
flock existed in Southern Australia. By 1975 the genetic resource was about
2 500 Angoras and perhaps 1 million non-domesticated feral goats.

Early attempts to develop a mohair industry failed because:
• there was no source of quality genetic material;
• breeding aims were not defined;
• there was no industry organization;
• poor nutrition (especially droughts);
• shepherding/fencing was inadequate.

The breeding programme for the
Angora goat in Australia

P.J. Holst

Agricultural Research & Advisory Station, Cowra,
NSW, 2794, Australia

The goat
resource in
Australia

Lessons
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In the 1970s sheep farming in Australia was a large industry suffering a
wool price collapse and it was natural that several farmers sought to
diversify by including mohair production. Their small ruminant
management skills were good, they understood animal fibre and they
had shearing (fibre clipping) facilities. Fencing was adequate. Individual
identification of goats was by eartags with, in bucks, ear tattoos (Holst,
1998).

There was a comprehensive Government infrastructure (research, advisory
services and veterinary) servicing the sheep industry (mostly at no cost to
farmers) and specialised laboratories for wool fibre measurement (fee
charged). In 1971, an Angora/mohair industry association was established
together with a research committee; the latter due to the efforts of a single
enthusiastic luxury-fibre entrepreneur. Funding was limited.

At this time there was an assumption, that range (or pastoral country)
and browse was good for Angora goats and mohair production. This was
based on the Edward’s Plateau in the USA and range in South Africa.
Unfortunately, the rainfall variability and quality of range in Australia is
not comparable to either of these countries.

With this background the first planned mohair industry in Australia was
initiated. It consisted of a small number of studs established to produce
sires for a larger number of commercial mohair producers who would use
cross-breeding to generate larger flocks (Table 1).

Breeding
programm.
Stage 1.
(1970-1984)

Table 1. Description of the breeding aims for Stage 1 of the Angora/mohair industry.

Section Breeding
aim

Breeding
objective

Selection
criteria

Breeding plan

Commercial
mohair
producers*

Profit
through
diversificati
on

Fleece
weight
Fibre
diameter

Visual/greasy
fleece weight
Visual

Cross-breeding
(Angora x feral)

Breeders of
Angora goats **

Profit
through
breeding
sires

Fleece
weight
Fibre
diameter
Style
Kemp

Visual/greasy
fleece weight
Visual/limited
lab
Visual
Visual

Straight-breeding
from existing
Angoras

*  Located in range and agricultural areas.
** Located in agricultural areas only.
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Overseas estimates of heritability for economically important traits were
moderate (Table 2). However, estimates of phenotypic and genetic
correlations were scarce and there were no genetic parameter estimates
for Australian Angora goats.

The setting of breeding objectives was influenced by overseas experience
which was based on the relative economic value of each trait affecting
their mohair quality and quantity. In most cases commercial mohair
producers simply want to produce large quantities of the most profitable
fibre and it is assumed that the price signals they receive are reliable. In
Australia, at that time, mohair was sold in bales on description and not on
measured data and Clark (1990) described differences in the relative values
for quality attributes between buyers and processors. Since cross-breeding
was the major activity, the breeding objectives were fleece weight and
fibre diameter.

The cross-breeding programme (Table 3) for the commercial producers of
mohair was a slow process. While fifth generation animals could be
considered pure-bred they retained an unacceptable level of medullated
fibre and kemp (Patel, 1982; Shelton, 1986). Indeed the reduction of percent
kemp fibre in the flock was a practical problem at that time. Kemp was
expensive to measure in the laboratory, the sampling site was poorly
defined and it was thought to have a low heritability. Yet Texan and African
breeders had successfully reduced it to negligible amounts.

Breeding aims

Table 2. Estimates of the heritabilities of some selection traits for Australian
and overseas Angora goats before and after 1972 (from RA Clark, 1990).

Trait Country Heritability Reference

Greasy fleece weight Turkey
USA
USA
Australia

0.26 - 0.15
0.40
0.13 - 0.83
0.42 - 0.45

1
2
5
6

Fibre diameter USA
Turkey
USA
Australia

0.12
0.19
0.11 - 0.24
0.08 - 0.14

2
4
5
6

Kemp score USA
USA
Australia

0.43
0.05 - 0.19
0.36 - 0.42

2
5
6

Medullation Australia 0.0 - 0.39 6
References 1.Sincer (1963); 2. Shelton and Bassett (1970); 3. Yalcin (1972);
4. Yalcin et al. (1979); 5. Shelton and Snowder (1983); 6. Gifford et al. (1991).
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The industry association provided a focus for farmers in the Angora
industry and to those who may be interested in joining. It conducted rural
livestock competitions, provided a register for breeding stock and generally
provided education material, either written or through group meetings.
It had a national responsibility and was the spokesperson on issues
concerning the mohair industry.

Initially the mohair was sold to independent buyers for domestic and
export (mostly UK) markets. Members of the association quickly realised
that prices could be improved if the individual farm lots were classed and
pooled. This also provided another educational opportunity.

Conduct

Table 3. The cross-breeding programme as used by commercial mohair producers.

Generation Breed of doe Breed of buck Breed of progeny

1
2
3
4
5*

unregistered feral B
  ½ A   ½ B
  ¾ A   ¼ B
   7/8 A   1/8 B
15/16 A  1/16 B

angora A
A
A
A
A

  ½ A   ½ B
  ¾ A   ¼ B
   7/8 A   1/8 B
15/16 A  1/16 B
31/32 A  1/32 B

* does mated < 12 months of age – nine years from 100 feral does to 100 angora does.

The services provided by the Government and related agencies to the
new mohair industry were invaluable and essential to its development.
They included research on genetics, products, management, fibre
measurement and diagnostic techniques for disease; changes to legislation
and facilitating the registration of chemicals for goats. Education of farmers
and the service industry was a major activity.

In describing the results, Stapleton (1985) and Gifford et al. (1985) indicated
that Australian mohair had a yield of about 91 percent, mean fibre diameter
ranging from 24µm at the first shearing, 26µm at the second, 30µm at the
third and fourth shearing and 33µm in later fleeces. This differs little from
the limited data published between 1975-1977 (Evans, 1980). Kemp was
two percent down from three to five percent in 1978, but still unacceptably
high. Indicative clean fleece weight at the third shearing was 1.12 kg (six
months fleece).

In 1985 mohair fibre production would not have been profitable for farmers.

Role of the
Government and
related agencies

Outcome of the
first breeding
Programme
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Several problems were identified and lessons learned:
• the range environment was not suitable because of variable nutrition,

kid predation, vegetable matter fibre contamination;
• animal production was inferior to that reported overseas, with the

assumption that genetic material was inferior;
• marketing - demand for fibre and returns were variable between years -

kemp and gare were a significant deterrent to buyers.

A depressed mohair market and the realisation by breeders (angora goat
numbers dropped from 275 000 to 150 000) that Australian mohair had
unacceptable levels of kemp and gave low fleece weights, relative to that
available from the main producing countries of South Africa and USA,
led to a demand to import genetic material.

In 1984 local breeders purchased several Texan goats, rather than South
African, believing that the disease risk would be lower. Australia’s strict
protocol (National Government) to ensure that such importations were
free of scrapie disease meant that the imported goats were bred in
quarantine for over seven years. This resulted in over 1 000 animals being
available to the industry in 1992 and available to research prior to that
event (Table 4).

A performance recording Programme for Texan goats in quarantine
(Lollback, 1995) demonstrated that Texan goats had:
• greasy fleece weights almost double that of selected Australian Angoras

and clean fleece weights at least 50 percent higher;
• very low (< 1 percent) incidence of kemp;
• considerable variation in performance between the imported animals.

Lessons

Breeding
programme.
Stage 2.
(1984-...)

Table 4. Description of the breeding aims for Stage 2 of the Angora/mohair industry.

Section Breeding aim Breeding
objective

Selection
criteria

Breeding
plan

Commercial Profit through
diversification

Fleece weight
Fibre diameter
Kemp

Visual/greasy
weight
Visual
Visual

Purchase
superior
bucks, heavy
culling of
progeny

Breeders Profit through
breeding sires

Fleece weight
Fibre diameter
Kemp, gare
Style

Greasy
wt./clean on
selected
Visual/some
laboratory
Visual/some
laboratory
Visual

Use selected
imports on
large
proportion of
does. Use
MOPLAN
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Case study: goat in Australia

Such was the acceptance and demand for imported genetics that it was
estimated that 50 percent of the local Angora does were bred to Texan
bucks in 1992, the first year of their release.

Two years after the Texan purchase, Angora embryos from South Africa
were imported into New Zealand quarantine. In 1999 a further importation
of South African Angoras was made available to local breeders.

After 25 years of Angora breeding there were demonstrable improvements
in the goat fibre industry. These included an improved level of technical
knowledge by farmers, improved metrological services, an increased
variety of marketing options, the breeding and rearing of Angora goats in
more suitable environments and increased acceptance of goat production
by the other livestock sectors.

Relative to sheep and wool production, the level of input by commercial
mohair producers was medium whereas the Angora breeding sector
maintained a high level of input. Breeders were technically well informed
and possessed skills and services derived from the traditional sheep
industry.

All breeders were members of an industry association and received regular
information by newsletter and by attending shows and conferences.
Government livestock advisers and researchers were active and made an
important contribution to knowledge and confidence.

Not surprisingly, when the mohair market signalled low prices for the
Australian product, it was the breeders who initiated and invested in the
importation of genetic material and set the breeding objectives for Stage 2.

Stapleton (1985) outlined the requirements and need for a performance
recording service and central register for Australian Angora goats.
However, this was largely ignored in the industry until the importation
of Texan goats. MOPLAN, the performance recording and genetic
evaluation service, was developed to collect production data on the
imported goats and their progeny, whilst they were in quarantine. It
involved a standard system of data collection and the genetic evaluation
of economically important traits. It was a collaboration between owners,
the Departments of Agriculture, the Animal Business Research Institute,
Armidale (data register and genetic evaluation) with funding from the
Government and the mohair industry. MOPLAN uses BLUP technology
to enable it to use information from relatives in calculating Estimated
Breeding Values and index values for performance based on the first two
shearings (Table 5). However, the index values may be limited in that an
animals’ lifetime performance is difficult to predict and the base population
is not homogenous (Stapleton 1997).

Nongenetic gains

Genetic gains
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With practical breeding objectives and quality genetic material it is possible
to breed a robust animal producing quality fibre. However, difficulties
remain:
• Poor domestic markets (tradition) for meat and skins results in low

values;
• Predation (usually fox Vulpes vulpes and bird) affects kid survival

figures;
• Mohair values fluctuate regardless of fibre quality but in periods of

low world demand, kempy mohair is overlooked;
• MOPLAN has not been widely adopted because there is no clear

incentive at this time to change from subjective assessment and limited
objective measurement. Breeders are experiencing a low demand for
high merit bucks and incur additional costs associated with fibre
metrology and central register services;

• In Australia, goats are still socially not acceptable to the average sheep
and cattle farmer. An estimate of the current number of Angora goats
is 60 000. Nevertheless, there is an anticipated medium term demand
for non-fibre meat goats for the maintenance of range and pasture
(weed control).

Producers agree that the Texan and South African genetic material has
contributed significantly to the Australian Angora/mohair industry.
Qualitative evaluation of the impact will take some years but the outcome
appears to be a more robust Angora producing a quality fibre. The unstable
profitability and social non-acceptance of goats (diminishing) continues
to hinder the size of the Australian industry.

Lessons

Table 5. Example of index values and returns for Texan cross goats
(Stapleton 1995,96).

% Texan MOPLAN
index

Fleece weight
(mean 5 fleeces)

Fleece relative
value

0 Aust
37
50
75
87

100 Texan

97.9
96.8
99.3
105.0
106.3
108.5

1.63
1.99
2.32
2.44
2.62
2.84

100
119
135
155
165
174

The future
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Case study: goat in Australia

1. The principle product of an Angora goat is mohair fibre. It must aim
to produce high quality fibre to obtain premium prices and to avoid
zero demand for inferior products in many years.

2. Central to fibre quality is the genetic resource and the environment.

3. It is possible to upgrade a large resident goat population by
cross-breeding with high merit Angora bucks, though it is slow.

4. Regional breeding success depends on education (animal management,
fibre), services (education, metrology, marketing, breeding,
performance recording) and prices (reflects world supply).

5. Access to superior Angora bucks, at an acceptable cost, is essential.
Role for stud breeder, Government agencies, etc.

6. Production and marketing of quality mohair fibre is not possible under
a ‘laissez faire’ system. Some degree of centralisation is warranted for
education, breeding progress and marketing.

7. Breeding plans, such as MOPLAN, need a significant economic
incentive before they are adopted yet the outcome (superior animals)
is accepted.
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In the last two decades total milk production has almost doubled while
the heads of cattle have increased by 28 percent in developing countries
(FAO, 1999). There is a large variation among regions. The Far East region
shows the sharpest production increase, also per capita, while Africa and
the Near East show the largest increase in heads of cattle but a continuous
decrease in per capita supply of milk. Thus, improved milk production is
very important in many of the lesser-developed countries.

The substantially improved yields are due to increased cattle numbers
but also improved management and genetic potential of the cattle. In many
tropical and subtropical areas the introduction of exotic breeds such as
Friesian, Jersey, Guernsey, Ayrshire and Brown Swiss by the use of artificial
insemination (AI), mainly through cross-breeding and in certain areas
with less climatic stress and good management also as pure-breeds, has
led to increased production. However, it is a well-known fact that the
initially very promising results obtained in the F1-generation through
cross-breeding in the tropics are usually not as good in the next few
generations if one continues to cross with an exotic breed. Thus, long-term
breeding strategies are important for sustainable and continuous
improvement of production and cattle populations, be it indigenous, exotic
or cross-bred cattle.

Strategies and possibilities of successfully conserving indigenous cattle
breeds have been examined by FAO and continuous improvement of the
indigenous breeds has been stressed as a necessity for future survival as
commercial breeds (FAO, 1992).

Sustainability of dairy cattle breeding
systems utilising artificial

insemination in less developed
countries - examples of problems and

prospects

J. Philipsson

Department of Animal Breeding and Genetics, Swedish
University of Agricultural Sciences,

S-750 07 Uppsala, Sweden

Introduction
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Case study: dairy cattle breeding in less developed countries

The purpose of the present paper is to review some cases as examples of
breeding programmes utilising AI in developing countries and summarise
principally important problems and prospects for sustainable breeding
systems.

Four different cases are reviewed. Two represent indigenous breeds
considered to be of relatively high genetic potential and two exemplify
the utilisation of exotic dairy breeds in tropical or subtropical conditions.

The Sahiwal breed originated in the central and southern parts of Punjab,
Pakistan, which is characterised by a subtropical and arid climate. The
dominating position as cattle breed in this area throughout the last century
started to change with changed production systems in agriculture and
was further accelerated by the introduction of AI and cross-breeding with
temperate dairy breeds. Crosses with Sahiwal have been extremely
successful in the prevailing conditions and have been much more in
demand by farmers than the pure-breed. While the average lactation yield
is commonly reported to be 1 500-2 000 kg for the pure-bred Sahiwal,
crosses with Holsteins produce 2 500-3 000 kg (Khan et al., 1989).

The rapid decline in the pure Sahiwal breed, mainly due to indiscriminate
cross-breeding has led to an estimated total number of about 10 000 cows
in Pakistan (Hodges, 1987), out of which 2 000 breeding females can be
found in recorded Government herds, the majority found in only three
herds. Another 2 000 cows are estimated to be kept in India and 2 500 in
Kenya. The latter originate from imports starting in 1939 from India and
later from Pakistan. Very little exchange of genetic material has taken place
between the different countries in the last three to four decades. AI is
used to some extent in all three countries to maintain the pure Sahiwals.
A thoroughly designed breeding programme has been applied for a long
time for the Kenyan population in Naivasha, while progeny testing
programmes were launched already 20 years ago in both Pakistan and
India.

Besides a relatively high potential for milk production in harsh conditions,
the Sahiwals today are characterised by rather few milk let-down problems
and good beef characteristics. These traits have led to an international
demand for semen and Sahiwal-crosses in tropical and subtropical
countries. Several synthetic breeds have also evolved from the use of
Sahiwal in crosses with Bos taurus, for example, Jamaica Hope, Karan Swiss
(India) and AMZ and AFS (both Australia).

Cases

The Sahiwal
breed in
Pakistan and
Kenya



553

Philipsson

ICAR Technical Series - No 3

Results from retrospective analyses of the Sahiwals in Pakistan were
reported by Dahlin (1998) as follows:

• most Sahiwal herds had been kept rather closed and inbreeding
co-efficients were, on average 5 percent, in some farms even more than
10 percent. The effective population size was estimated at about 30
animals only in recorded herds;

• average milk yield was 1 400-1 650 kg in lactations one to three with a
C.V. of 43-45 percent. A large phenotypic variation over the years was
observed;

• estimates of heritability for milk yield were 0.14-0.20 with as large an
additive genetic variation (C.V.) as 12-16 percent;

• estimated genetic trend was close to zero and many bulls with large
progeny groups had negative breeding values indicating the application
of inadequate selection criteria.

Some main results from genetic studies of the well-known Sahiwal herd
at Naivasha, Kenya, covering a 20-year period (1964-83), were reported
by Wakhungu et al. (1991) as follows:

• average lactation milk yield was 1 662 kg with a C.V. of 34 percent;

• differences in average production within the herd amounted to more
than 500 kg between years;

• heritability for milk yield was estimated to 0.27 but an annual genetic
trend of only +3.65 kg revealed inefficient breeding value estimations
and/or selection procedures.

Problems
1. As a result of indiscriminate cross-breeding by inseminating Sahiwal

females with exotic breeds in Pakistan, the main problem of the breed
is its small and declining population size. The lack of gene flow between
countries, as well as between the nucleus herds, contributed to a rather
high degree of inbreeding.

2. AI has mainly been used for cross-breeding but not as efficiently to
develop the breed itself. Fluctuating environmental conditions call for
more efficient methods for genetic evaluations and selection.

3. Despite the fact that AI has also been applied to Sahiwal bulls, the
international demand for semen has not been met.
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Prospects
Due to its high potential in harsh conditions, the Sahiwal breed was soon
pointed out by FAO to be given high priority for conservation by
management, in order to develop the breed for further global use.
Important pre-conditions are that all countries seem to practice good
recording routines as a basis for genetic evaluations and selection. Also
the necessary infrastructure and some competence among people to
conduct a breeding programme seem to exist. Thus, a conservation scheme
could follow the normal procedure of developing a breeding programme.
However, in this case the cooperation between countries, both for exchange
of germ plasm and for future joint genetic evaluations, needs to be
developed.

Successful cooperation between countries, in order to make efficient use
of the few Sahiwals available in breeding herds, is essential for the survival
of the breed. This includes the effective use of AI and a BLUP-Animal
Model for genetic evaluations, in order to account for the large
environmental effects, as well as optimum use of all information. Such a
development would greatly enhance the possibilities for efficient selection
of bulls for pure-breeding, as well as for production of cross-breds to the
benefit of much larger tropical areas of the world than is presently the
case.

The Kenana breed is a true Zebu of Sudan with the main habitat in the
hot, arid zones of the central parts of Sudan, south of Khartoum between
the Blue and White Niles. In an FAO study, the total population was
estimated at about 3 million (Cunningham, 1987). The production systems
range from pure nomadic to more settled systems for milk production in
urban areas.

The Kenana breed has the reputation of being one of the most productive
indigenous African milk breeds. While field data are hardly to be found,
lactation records from experimental stations on average show yields of
about 1 500 kg (Wilson et al., 1987; Ageeb & Hillers, 1991). Mature cows
weigh around 400 kg.

Since AI was introduced on a larger scale in Sudan in 1976, only imported
semen of the Holstein breed was made available to the farmers during a
ten year period. Progressive farmers joined the AI-scheme and were happy
to note a considerable increase in production from their F1-animals, which
seemed to function well in the prevailing environmental conditions.

Problems
Results from experimental stations have shown, as could be expected,
that ¾ and 7/8 Holstein crosses did not keep up with the F1 animals, but
had problems with resistance to diseases and suffered from environmental

2. The
Kenana-case of
Sudan
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stress. However, the AI-scheme did not for some time offer any long-term
breeding strategy but just crossing with imported semen. Progressive
farmers had no alternative and would gradually experience poorer results
if staying with the original AI-scheme.

The development of more intensive settled production systems near the
urban areas of Sudan, results from a great need to improve the food supply.
Such a demand called for the use of exotic breeds in cross-breeding with
the Kenana. However, the lack of a long-term strategy for cross-breeding
became a threat to the breed. As a result of such a situation, neither the
pure-breeding nor the cross-breeding programme would be sustainable.

Prospects
The FAO-study referred to (Cunningham, 1987) considered the high
potential of the Kenana breed and its crosses for milk production in rather
stressful environmental conditions and in an area with a large human
population. Thus, the pure Kenana breed needed to be conserved by
management.

In order to establish a sustainable system, an open nucleus breeding
programme was suggested to be run at one of the experimental stations
with about 200 pure-bred cows. About ten percent of the cows should be
recruited annually among good females in village herds. The aim would
be to further develop the genetic potential for milk production including
good fertility of the pure-breed. Thereby, high quality bulls of the
pure-bred, as well as cross-bred bulls, could be guaranteed available for
both AI and natural service.

As a result of local semen production, cross-bred bulls were introduced in
1986 and also from 1990 locally bred bulls of the exotic Holstein and Jersey
breeds and from the indigenous Kenana and Butana breeds (Mohammed
Osman Hamid, 1999).

By establishing a nucleus herd for the Kenana breed as the basis for the
conservation plan at an experimental station, and another one for
cross-bred animals, a sufficient infrastructure and personal competence
to conduct a sustainable breeding programme could be guaranteed. This
has resulted in a semen production system supporting both a long-term
conservation policy and the needs of the farmers to have commercially
viable and well adapted cattle.
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This case concerns a small Caribbean island which is one of the most heavily
populated in the world. Agriculture is dominated by its sugar industry.
Dairy and beef products are in shortage and it is a Government policy to
diversify the agricultural sector, for example, by more animal production.

The stress to animals of the tropical environment is to some extent
alleviated by the maritime climate. However, tick-born diseases are
common and require appropriate management controls.

The population of 3 500 head of dairy cows is dominated by exotic breeds,
mainly Holstein (70 percent), Jersey and Guernsey. A Governmental AI
service is available with domestic semen production from a few bulls of
the breeds mentioned. The Government questioned whether it would be
possible to continue with the pure exotic breeds due to the disease situation
and climatic stress or if an introduction of Zebu crosses would be necessary.
A shortage of females for herd replacements had been noted and was
assumed to be due to poor reproduction as a result of heat stress and lack
of resistance to diseases.

Survey of status and problems

The need to improve production, totally and per cow, led to a survey on
production and reproduction results with analyses of records made
available from individual farms (Philipsson, 1981). Some important
findings were:

• exotic breeds were producing rather well (Holsteins: 3 500 kg; Jersey
and Guernsey: 3 000 kg per lactation);

• calving intervals were 15 months and reproduction problems occurred
due to tick-born diseases and an unreliable AI-service without
appropriate supervision;

• officially reported non-return statistics indicated high fertility, but this
was explained by the use of village bulls when AI failed;

• low turn-over rate of AI-bulls causing inbreeding in the commercial
herds;

• the farmers had no influence on the quality and kind of AI service
offered to them.

Prospects
This case clearly demonstrated fairly good production of exotic breeds,
but also the need to apply reasonable management tools for tick control,
rather than bringing in Zebu-genes for increased resistance to diseases
and climatic stress.

3. The West
Indies-case of
exotic breeds
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Also the shape-up of a mismanaged AI-scheme, both technically and
genetically, could improve reproduction results, without the use of a
sophisticated ET-programme, which was offered by a donor country
envisaged to alleviate some shortage of replacement heifers.

If farmers were given more responsibility for the services requested, these
activities would be more efficiently carried out provided Government
policies changed and training was offered to farmers and those working
with the AI-service. Importation of semen would be less costly than the
domestic semen production as exotic breeds seem to be suitable for this
environment.

The climate of the central parts of Kenya allows a rather advanced milk
production system, even with pure exotic breeds such as Friesian, Ayrshire,
Guernsey and Jersey, when a reasonable management standard is kept.
Milk-recording and AI-schemes were applied early in Kenya as a means
of continuously improving production. For example the average
production of recorded Friesian herds amounts to 3 500 kg milk (Rege,
1991a), while some reach an annual production per cow of 5 000-6 000 kg.

After the country’s independence in the mid sixties, the number of
small-scale producers increased tremendously and so did the demand for
semen. The cow population largely became a product of up-grading the
indigenous Zebu cattle, using semen of exotic dairy breeds. The demand
for semen was initially covered by bulls being imported from various
countries. The AI service expanded to as much as about 0.5 million
inseminations per year in the early seventies. Due to high costs of bull
and semen importation and the possibilities of a genotype x environment
interaction, the domestic recruitment of bulls was started. A specially
designed progeny testing programme (PTP) was launched in 1969 followed
by a contract mating scheme (CMS), in order to use imported semen of
top bulls with superior local dams and bring the sons produced into the
AI-stud. The whole AI-scheme was initially set up by experts from a
number of donor countries, which further supported it while it was run
by the Kenyans as a Government service to the farmers.

The overall effect has been tremendous as regards increased milk
production from large as well as small-scale producers. The increased
production by up-graded cows was, for example, a key to the school
lunches with milk offered in Nairobi. The planned breeding programme
was indeed as advanced as in any developed country. Thus, the same
infrastructure, equipment, competence of staff and other resources was
assumed to be available. However, in reality that was not the situation.

The
Kenya-case of
a modern AI
breeding
programme
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Problems

An analysis of 20 years of experience and results of the AI and breeding
scheme in Kenya was performed by Philipsson et al. (1989) and has been
further analysed in some detail by Rege (1991a and b). Some main findings
were:

1. The different parts of the breeding programme (AI and milk-recording)
were managed by different ministry departments and were totally
disintegrated. They lacked the organization with farmer influence and
leadership needed, in order to comply with the objectives outlined for
the breeding programme.

2. The participation rate of milk-recording gradually declined due to lack
of feedback information to the farmers. The PTP- and the CMS-schemes
were severely affected, thus resulting in continuously fewer bulls being
recruited for AI. The age structure of the AI bulls became unfavourable
and semen production decreased, so that the demands could not be
met.

3. Progeny test results obtained with a herd-mate-comparison method
(HMC), were usually not available until after the death of the bulls.

4. Genetic studies revealed good genetic progress during the first ten years
and a decline thereafter. The HMC-results were poorly correlated with
later produced BLUP-values of the bulls (Rege, 1991b).

5. Breeding goals and selection practices were too influenced by
international standards favouring big cows and of conservative breed
societies judging cows at shows, rather than the limitations of the
Kenyan markets and environments. Thus, unrealistic requirements of
possible bull dams kept the recruitment of young bulls low.

6. The field service was too dependent on the effective transportation of
AI technicians. As a Government service it did not function properly.

As a whole the programme was too sophisticated at the available level of
infrastructure and competence to run the scheme. The split responsibilities
of AI (Veterinary Department of the Ministry), recording (Animal
Production Division) and herd books (farmer organizations) was
detrimental to the understanding and implementation of a fully integrated
breeding programme.
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Prospects
Although the very ambitious breeding plan collapsed, no doubt the AI
service as such, offering bulls of various breeds to large- as well as
small-scale farmers, proved its value in a process of up-grading local cattle
for better production and to maintain pure exotic breeds in areas with a
good environment.

The future existence of the AI field service relies on the possibilities of
privatising it into farmer cooperatives. Such a move started in 1990. Similar
privatisation seems also to be a necessity for the AI-stud, which needs to
integrate its selection schemes with recording and evaluation of the
animals.

As regards the selection scheme, a much simpler approach should be taken
with just a young bull programme, based on imported bull sire semen
used with superior local cows, but without a complicated and demanding
progeny testing scheme. Such a programme could be gradually developed
as the level of infrastructure and competence to run the programme
increases.

The problems being mentioned from these four examples are of a very
broad nature. However, some experiences are commonly noted and
therefore seem to be of strategic importance. The problems found could
rather easily be divided into matters regarding:

• Breeding objectives and utilisation of genetic resources;
• Methodological, technical and operational issues;
• Policy and organizational aspects.

These areas are all equally important, if one really aims at developing the
genetic resources available. In analysing real life cases, as those above, it
could first of all be noted that the breeding programmes applied have
seldom emerged from a well thought of theoretical plan, except for the
Kenya-case, but were merely the result of implementing new technologies,
for example, AI, without much of a long-term strategy.

Commonly faced problems regarding utilisation of genetic resources concern
the neglect of the value of many indigenous breeds and the necessity to
conserve and develop them. The real threat to such breeds comes when
cross-breeding through AI with exotic breeds shows such good results in
the short-term that most producers want to benefit from cross-breeding
and nobody takes the responsibility for the pure indigenous breed and its
future development.

General
findings
affecting the
sustainability
of breeding
programmes

Breeding
objectives and
utilisation of
genetic resources
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The need to apply long-term strategies in cross-breeding programmes is
apparent. Too often what happens in the long run with both the pure-breed
and the cross-breds in second and third generations is neglected. The choice
of breeds and definition of breeding goals are matters that need serious
consideration in relation to the prevailing environmental conditions.
Especially in areas of serious environmental constraints, it may not even
be advisable to produce any F1 cows, but just cross-bred bulls for slower
up-grading of the cattle stock.

The questions related to breeding objectives concern, for example, desired
size of the cow, single-purpose versus double- or triple-purpose animals
and the need to combine production, reproduction and health traits in
order to consider adaptability in the breeding objectives. Such questions
are quite important to clarify, before embarking on a semen importation
programme from an exotic breed in relation to national goals and
environmental and management constraints.

Any sustainable breeding programme requires development and
improvement of the breed in order to ensure its future competitiveness. This
will require that aspects of inbreeding and relationships can be kept under
control, especially in breeds with a small population and where the
genetically superior animals can be identified. In countries with harsh
climates, the environmental conditions might fluctuate considerably. This
means that rather efficient statistical methods for genetic evaluation are needed,
so that non-genetic effects can be removed and that optimum use can be
made of, for example, the pedigree information. Practical applications of
BLUP-animal models have shown their value in such circumstances.

For small breeds, nucleus breeding schemes should be preferred where the
resources available can be concentrated on a single or a few herds. Good
evaluation methods are still needed, but the organization of recording
and handling of data is rather uncomplicated.

For larger breeds where AI is readily available, progeny testing may be an
alternative, but considering the resources it takes it seems rather
questionable in most cases. A much simpler approach would be the
application of just a young bull AI-programme with a quick turn-over rate
of bulls. Such a programme could either be linked to nucleus herds of a
domestic breed, or to the use of imported semen of continuously selected
top bulls with well-known characteristics, used as bull sires with locally
identified superior cows to produce the young bulls. However, progeny
testing has too often been considered a compulsory, almost “magic”,
component of a breeding programme, even if it has no relevance. This has
been an educational problem since simpler and more relevant methods
are often prevented from being applied.

Methodological,
technical and
operational issues
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The policy and organisational questions greatly concern the lack of
knowledge or understanding of the full concepts of an integrated breeding
programme. Not only must the long-term genetic strategies be carefully
chosen, but also an integrated set of activities with harmonised
decision-making procedures in order to achieve the defined breeding goals
is needed.

As farmer participation is essential it is equally essential that farmers
influence the establishment of the breeding objectives and services rendered.
The development of livestock recording schemes is a necessary pre-requisite
for any genetic evaluation of data to be used for selection purposes. It is
important that such schemes are developed to fit the most essential
purposes and could often be kept quite simple.

The strategic importance of the educational components of any development
programme must be stressed. The competence level of the staff of the
developing country determines the level of advancement of the
programme to be implemented. Increased personal competence and its
continuity in the programme, adds to the possibilities of achieving the
aims of the programme. Even more important, it leads to a better position
of the developing country to choose its own strategies and to better evaluate
the various kinds of offers that possible donors, experts, semen agents,
etc. are presenting.

Finally, a strategic point of any development programme, involving
support from some kind of aid agency, is that it must include follow-up
activities on a long-term basis. These should involve advisory services as
well as some research for analyses and evaluations of results so far
obtained, revision of future strategies and a human capacity building
component.
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Lower input production environments – include the broad range of
medium and low input production environments throughout the world,
i.e. all but those which can be categorized as high input; with high, medium
and low input being defined by FAO as:

(a) High input production environment. A production environment
where all rate- limiting inputs to animal production can be managed
to ensure high levels of survival, reproduction and output. Output
and production risks are constrained primarily by managerial
decisions.

(b) Medium input production environment. A production environment
where management of the available resources has the scope to
overcome the negative effects of the environment on animal
production, although commonly one or more inputs will limit
output, survival or reproduction.

(c) Low input production environment. A production environment
where one or more rate-limiting inputs impose continuous or
variable severe pressure on the livestock, resulting in low survival,
reproductive rate or output. Output and production risks are
exposed to major influences which are beyond human management
capacity

Appendix 1

Workshop
Definitions

Commonly, for developing country production environments,
enabling policy, planning and technical capacity, and financial
resources are all in short supply.

Biological diversity (Biodiversity) -The variety of life in all its forms, levels
and combinations. It encompasses genetic diversity, species diversity and
ecosystem diversity.

Agrobiodiversity (Agricultural Biological Diversity) - That component
of biodiversity that contributes to food and agriculture production.
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Domestic Animal Diversity (DAD) - The spectrum of genetic differences
within each breed, and across all breeds within each domestic animal
species, together with the species differences; all of which are available
for the sustainable intensification of food and agricultural production.

Farm animal genetic resources (AnGR) - Those animal species that are
used, or that may be used, for the production of food and agriculture, and
the populations within each of them. These populations within each species
can be classified as wild and feral populations, landraces and primary
populations, standardised breeds, selected lines, and any conserved genetic
material.

Breed - Either a subspecific group of domestic livestock with definable
and identifiable external characteristics that enable it to be separated by
visual appraisal from other similarly defined groups within the same
species; or, a group for which geographical and/or cultural separation
from phenotypically similar groups has led to acceptance of its separate
identity.

Conservation of farm animal genetic resources - Refers to all human
activities (for example, strategies, plans, policies, actions and other
measures) that are undertaken to ensure that the diversity of farm animal
genetic resources is being maintained to contribute to food and agricultural
production and productivity, now and in future.

In-situ conservation of farm animal genetic diversity - Refers to all
measures to maintain live animal breeding populations, including those
involved in active breeding programmes, in the agroecosystem where they
developed, or are now normally found, together with husbandry activities,
that are undertaken to ensure the continued contribution of these resources
to sustainable food and agricultural production, now and in the future.

Ex-situ conservation of farm animal genetic diversity - Refers to all
conservation of genetic material in-vivo (but out of the environment in
which it developed) and in-vitro, including inter alia, the cryoconservation
of semen, oocytes, embryos, cells or tissues.
(ex-situ conservation and ex-situ preservation are used synonymously).

Genome - The complete set of genes and non-coding sequences present
in each cell of an organism, or the genes in a complete haploid set of
chromosomes of a particular organism.

Animal genome (gene) bank - A planned and managed repository of
Farm Animal Genetic Resources. Repositories include the environment in
which the genetic resource has developed, or is now normally found (in-
situ) or facilities elsewhere (ex-situ – in-vivo or in-vitro). For in-vitro, ex-situ
genome bank facilities, germplasm is stored in the form of one or more of
the following: semen, ova, embryos, cells and tissue samples.
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Clone - A genetic replica of another organism obtained through a non-
sexual (no fertilization) reproduction process. Cloning by nucleus transfer
involves the transfer of a donor nucleus from (cultured) cells of embryonic,
fetal or adult origin into the recipient cytoplasm of an enucleated oocyte
or zygote, and the subsequent development of embryos and animals. These
clones usually have different mitochondrial genomes.

Genetic distance - Measure of the genetic similarity between any pair of
populations. Such distance estimates may be based on phenotypic traits,
allele frequencies or DNA sequences. For example, genetic distance
between two populations having the same allele frequencies at a particular
locus, and based solely on that locus, is zero. The distance for one locus is
maximum when the two populations are fixed for different alleles. When
allele frequencies are estimated for many loci, the genetic distance is
obtained by averaging over these loci.

Genetic distancing - Collection of the data on phenotypic traits, allele
frequencies or DNA sequences for two or more populations, and estimation
of the genetic distances between each pair of populations. From these
distances, the best representation of the relationships among all the
populations may be obtained.

Production traits - Characteristics of animals, such as the quantity or
quality of the milk, meat, fibre, eggs, draught, etc. it (or its progeny)
produce, that contribute directly to the value of the animals to the farmer,
and that are identifiable or measurable at the individual level. Production
traits of farm animals are generally quantitatively inherited; i.e. they are
influenced by many genes, whose expression in a particular animal also
reflects environmental influences.

Adaptation traits - Complex of traits related to reproduction and survival
of the individual in a particular production environment. Adaptation traits
contribute to individual fitness and to the evolution of animal genetic
resources. By definition, these traits are also important to the ability of the
animal genetic resource to be sustained in the production environment.

Fitness - The relative ability of an organism to survive and transmit its
genes to the next generation.

Evaluation - Measurement of the characteristics that are important for
production and adaptation, either of individual animals or of populations;
most commonly in the context of comparative evaluation of the traits of
animals or of populations.

Characterisation of Animal Genetic Resources - All activities associated
with the description of AnGR aimed at better knowledge of them and
their state. Characterisation by a country of its AnGR will incorporate
development of necessary descriptors for use, identification of the country’s



566
Breeding Strategy Workshop

Appendix 1

sovereign AnGR, base-line and advanced surveying of these populations
including their enumeration and visual description, their comparative
genetic description in one or more production environments, their
valuation, and ongoing monitoring of those AnGR at risk.

Utilization of Farm Animal Genetic Resources - The use and development
of animal genetic resources for the production of food and agriculture.
The use in production systems of AnGRs, which already possess high
levels of adaptive fitness to the environments concerned, and the
deployment of sound genetic principles, will facilitate sustainable
development of the AnGRs and the sustainable intensification of the
production systems themselves. The wise use of AnGRs is possible without
depleting domestic animal diversity. Development of AnGRs includes a
broad mix of ongoing activities, which must be well planned and executed
for success, and it is compounding over time, hence its high value. It
requires careful definition of breeding objectives, and the planning,
establishment and maintenance of effective and efficient animal recording
and breeding strategies.

Management of Farm Animal Genetic Resources - The sum total of
technical, policy, and logistical operations involved to understand
(characterisation), use and develop (utilization), and maintain
(conservation) animal genetic resources.

Production environment - All input–output relationships, over time, at a
particular location. The relationships will include biological, climatic,
economic, social, cultural and political factors, which combine to determine
the productive potential of a particular livestock enterprise.

Sustainable intensification of animal production systems - The
manipulation of inputs to, and outputs from, livestock production systems
aimed at increasing productivity and/or production and/or changing
product quality, whilst maintaining the long-term integrity of the system
and its surrounding environment, so as to meet the needs of both present
and future generations of humans. Sustainable agricultural intensification
must respect the needs and aspirations of local and indigenous people,
take into account the roles and values of their locally adapted genetic
resources, and consider the need to achieve long-term environmental
sustainability within and beyond the agroecosystem.

FAO. 1999. The Global Strategy for the Management of Farm Animal
Genetic Resources: Executive Brief. FAO, Rome.
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Name First name Institute Address ZIP code City Country Phone office Fax . E-mail
Schneider Fritz Swiss College of

Agriculture, Dept.
Tropical Animal
Production

Länggasse 85 3052 Zollikofen Switzerland +41-31-9102172 Fritz.Schneider@shl.bfh.ch

Sonesson Anna ID-Lelystad, Dept.
Genetics and
Reproduction

P.O. Box 65 8200 AB Lelystad The
Netherlands

+31-320-238238 +31-320-238050 Anna.Sonesson@nre.vic.gov.au

Swart Derick Grootfontein Small
Stock Centre

P/Bag X529 5900 Middelburg,
Karoo

South Africa +27-49-8421113 int.
2749

derick@karoo1.agric.za

Trivedi Kamlesh R. National Dairy
Development Board,
NDDB

388001 Anand, Gujarat India +91-2692-40148 / 149 +91-2692-40156 /
165

krt.r&d.nddb_anand@anand.nddb
.ernet.in

Unnithan Kerala Livestock
Development Board
Ltd.

Gokulam, Pattom,
Thiruvananthapuram

695004 Kerala India +91-471-440920 +01-471-440673 kldboard@vsnl.com

Wickham Brian W. Irish Cattle Breeders
Federation

Shinagh House,
Newlands Cross,Naas
Road

Bandon, Co. Cork Ireland +353 (0)86-8269911
(mobile); +353-23-
20212

+353-23-20229 bwickham@icbf.com

Woolliams J. Institute of Animal
Physiology and
Genetics, Edinburgh
Research Station

Roslin,
Midlothian,
Scotland

UK 44-131-4402726 44-131-4400434 john.woolliams@bbsrc.ac.uk

Yapi-
Gnaoré

Chia CNRA Station
d'Elevage

01 B.P. 1152 01 Bouaké Côte d'Ivoire +225-635204 cnrase@africaonline.co.ci


