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SUMMARY

Chickens and ducks are widely distributed in the tropics, although their 
genetic improvement through proper breeding and selection has just started.
Present efforts are mainly restricted to chickens and to ascertain extent in 
ducks. However the import of continuously developing strains from temperate 
countries poses a threat to development of indigenous poultry breeds since there 
is wide disparity between the performance of imported and native stock, and this 
gap will increase.

Biotechnological methods e 0g. RFLP technique may be useful for mapping 
genes resistant to diseases and responsible for increased growth and productivity.

INTRODUCTION

The tropical countries of the world, mostly belonging to the Third World, 
are characterized by wide diversity of topography, population density, culture 
and farming systems0 Differences are also pronounced with regard to the stage 
of poultry development amongst these countries. According to an U.S.D.A. 
statistics (1987), Brazil and Thailand amongst these tropical countries are 
emerging as major poultry exporting nations of the world, yet on the other hand, 
poultry industry in most of the developing countries is still underdeveloped 
due to lack of capital investment and feed resources, improper health control and 
weak bargaining power in buying and selling of poor rural producers.

This paper outlines a brief account of current status and future potential 
of only two poultry species - chicken and duck, because most of the present 
commercial activities are presently involved with these two species.

BREEDING PROGRAMMES

With the establishment of franchise hatcheries in most of the tropical 
countries where breeding stocks cbiild be bought from well known breeding farms 
of N. America and W. Europe, there are two parallel chicken industries in these 
countries. On the one hand, there is a tremendous potential for improving and 
increasing local poultry through small holders' schemes, the success of which 
depends essentially on improvement of genetic and nongenetic components of the 
industry. Conversely, some people argue that in those countries which have the 
infrastructure for massive growth of the chicken and duck industry (e.g. Far 
Eastern and South-East Asian countries, Middle East, Brazil, India, Pakistan, 
Nigeria and Kenya), a faster rate of genetic progress could be made through 
multiplication of imported stock and their distribution to farms having intensive, 
semi-intensive or even extensive (smallholders') systems of management.

There are many arguments against the latter suggestion. Most of the conser
vationists (for example, Arboleda, 1987) argue that rich and well conserved 
natural resources give a country great opportunity to sustain economic growth 
and development, and give its people a strong feeling of self-reliance, sense of
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2 2Table 1. Relative variance components fgr sires (0g), locations (0 ), their 
interaction (0 ) and error (0 ) for different traits (Mukherjee
et al., 1980). E

Variance components

Trait 2 2
\

2
°SL

2
°E

Body wt
20 wks 11 41 1 47
40 wks 7 58 1 34

Total egg number 4 44 4 48
Feed consumption 6 6 2 86
Egg mass 3 36 5 54
Egg wt, 12 months 15 3 10 72
Breaking strength of eggs 4 17 4 75

Table 2. LSQ-raeans and percentage reductions between locations 
(Hussain-Gadhia et̂  jil. , 1983) .

1
Traits Tropical location Temperate location % Reduction

Body w t , 20-wk, g 1113 1263 11.
***

■9***Body wt, 40-wk, g 1396 1614 13..5
Shank length, cm 9.12 9.10 - 0 .■2 ***Age of maturity,, days 179.8 159.5 -12 ,■7*.*Total egg prod.,, n o . 207.0 251.6 17.■7***Total egg mass, kg 11.3 14.5 22,

-1 * * *Egg wt.; g 54.6 57.4 4,■9***Albumen:Yolk % 194 213 8,
Breaking strength, kg 2.29 2.66 13,•9***Pers istency days 242 277 -6,
Feed conversion.i g 99.3 95.4 -4.

-1 * * *Feed conversion . kg 3.42 2.50 -36., 8
ratio

Highly significant (P<0.01)

Table 3. Analysis of variance for progeny means and combining abilitj
(Mukherjee, 1983).

Source of Me  an s q u a r e s
variance Live w t . Dressed wt. Evise wt.
Replication 2 284+ 262* 545*
Progenies 9 624+ 568+ 626*Parents(P) 3 606+ 681. 656 +

Hybrids(H) 5 592* 588* 637*P vs H 1 785 692 728
Error 18 178 108 136
G.C.A. 3 640* 180* 456^
S.C.A. 6 470* 240* 480*
Error 18 87 70 82

*
Sig. (P<0.05)
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pride and identity. Furthermore many experiments conducted by researchers from 
developing countries on genotype x environment interaction in chickens (Mukherjee 
and Mak Chai, 1987) showed differential response of genotypes in different 
locations and varying management systems for traits of economic importance.

G x E interaction

Inter-continental testing for the presence of GxE interaction is important 
from commercial breeders’ point of view. Mukherjee et_ _al. (1980) reported highly 
significant sire x location interaction for most of the production traits except 
growth, when progeny arising from sires located in West Germany were tested both 
in W. Germany and Malaysia. These experiments followed the initial climatological 
chambers' experiments of Horst and Petersen (1977). Relative variance components 
of Sire (S), Location (L) and SxL interactions (Table 1) shows highest inter
action effect for egg weight over the whole laying period. Also, in this study 
lighter hens (1600-1800 gms) were found to be economically more efficient.

Alihussain-Gadhia ê t _al. (1983) while extending the scope of the above 
experiments (Mukherjee et̂  ail. , 1980) observed significant genotype x location 
interaction for body weight, feed consumption and production traits (Table 2). 
Similarly, body size type (normal, dwarf) x location interaction was significant 
for all the traits studied except egg weight and feed conversion.

In addition to reduction of body size of breeding hens by either selection 
or introducing the sex-linked dwarf gene, attempts have been made to introduce 
naked neck ^Na) and dwarf (dw) gene and their combinations in dam lines.
Results showed the combined effect of dw and Na in the laying hens to be bene
ficial, particularly in relation to production of egg mass and efficiency 
(Mukherjee et̂  jQ. , 1986)

Attempts are now being made to introduce combination of naked neck (Na) and 
frizzle (F) genes in dam lines (Horst, 1988)0 Testing of these combinations are 
in progress both at Berlin and Kuala Lumpur,

The above results indicate genetic improvement of production traits in a 
specific location could be more efficient if the breeding and selection programme 
is undertaken at the same location. In view of this, the need for random sample 
testing of foreign strains should be stressed under local conditions. Unfort
unately, there are very few testing, stations in tropical locations. Even those 
which existed in the 1970s are closing down (e.g. Singapore Random Sample Testing 
Station ).

Alternative breeding strategies

Many of the tropical countries need an alternative breeding strategy
for poultry improvement. These are:

a . Development of native stock through purebreeding:

Hashnath (1979) reported the usefulness of Deshi (native) chickens in 
Bangladesh which are usually scavengers but possess tremendous ability of 
surviving under stress conditions , resisting local diseases and retaining their 
scavenging habits. They also produce 45 eggs in a laying cycle with an average 
egg weight of 33.5 gms. Government of Bangladesh started a programme for the
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d e v e l o p m e n t  of t h e s e  chickens through supply of genetically improved 
cockerels (Deshi type) obtained from the Government's breeding farm and hatchery 
at Dhaka. Continuous upgrading of the native females with the genetically 
improved males is expected to raise the production as well as growth performance. 
Success of this scheme depends on the early slaughtering of unwanted males.
Similar programme has also been advocated by Leong and Jalaludin (1984) for 
development of village poultry in Malaysia since the introduction of exotic 
breeds or strains into small farming systems demand a high level of management 
and expensive feed„

In the most poorly developed nations the above breeding strategy would be 
quite appropriate, which means efforts need to be directed at the introduction 
and development of selection within local breeds although selection within breed 
under extensive conditions will be extremely difficult due to lack of any genetic 
estimates of growth and reproduction parameters. Identification of birds in 
village conditions is also not easy. Hetzel (1981) argues that improvement of 
various local breeds of ducks in Indonesia could be beneficial but evaluation 
of breeds and their crosses in specific environments are necessary before 
undertaking a breeding strategy.

bo Gradual replacement of local m a l e s :

Genetically improved males of exotic stock locally adapted could be 
released by breeding farms to small farmer's systems for village poultry 
development. This had been the basis of initial development in many countries. 
Research findings from Nigeria indicate that less productive local breeds can 
be of commercial and breeding utility if crossed with improved breeds/strains 
(Oraeje and Nwosu, 1984, 1986). Their results showed that the body size and 
efficiency of F 1 crosses (Local x Gold-link) could be as high as the imported 
Gold-link chickens and the backcross progeny (F1 x Gold-link) showed even 
higher growth performance and feed conversion efficiency without significant 
reduction in production traits. They suggested continuous selection of the 

backcross progeny for developing a synthetic breed well adapted to Nigerian 
conditions. Similar suggestions were made by Prawirokusumo (1985) in Indonesia 
and Coligado et al. (1986) in the Philippines. Theoretically by a continuous 
upgrading scheme either through backcrossing or line breeding, it is possible to 
obtain a synthetic genetically closed to the imported breed but research is 
needed to evaluate the comparative efficacy of the two methods.

c . Use of local genomes and major genes:

According to Merat (1980) about 12 loci carry genes influencing biological 
efficiency inchickens„ Similar investigation has not been reported in other 
species of poultry. Horst (1982) has tested these chicken loci for their 
productive adaptability in warm stalls and suggested the use of these major loci 
in developing a strategy for poultry breeding in the tropics. Examples for the 
use of local genomes and major genes in tropical synthetic line breeding showed 
that other major genes can be successfully introduced into local lines for 
genetic improvement and development of a new breed. Likewise, the benefits of 
introducing Frizzle gene (F) and Naked neck gene (Na) into local lines in the 
tropics for higher productive adaptability has been advocated by Horst (1988).
Major effects of these genes on economic traits under Malaysian conditions have 
been currently investigated (Khadijah, 1988; Panandam, 1985, Mathur and Horst, 88).
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Once their pronounced phenotypic effects on, physiological and anatomical 
characters are characterized, it would be quite easy to conveniently integrate 
these genes into line crossbreeding programmes by establishing paternal breeding 
lines with dominant and/or sex-linked major genes. Many international breeding 
farms have already introduced dwarf lines for this purpose, and are investigating 
on Naked-neck and other major gene incorporated lines (Flock, 1982).

d. Two-way crosses of breeds/lines;

Almost all middle level producers and invariably all large commercial enter
prises in developing countries use hybrid chicken breeding stock, either origin
ating from their Government hatcheries or from commercial breeding farms. In 
the development and widespread utilization of intercrossing for commercial 
poultry production, two factors are of primary importance. Firstly, there is 
the phenomenon of heterosis which is expressed in the performance of hybrids 
and secondly the selection of lines showing considerable genetic differences, 
but good specific combining ability.

There are many investigations on the estimation of heterosis and combining 
abilities for economic traits in chickens. Cheong and Chung (1985) found 
2-way White Leghorn crossbreds had a considerably higher hen day and hen house 
egg production than purebreds. Heterosis among various crosses was upto 3.78% 
for hen day production and upto 6.16% for hen housed production. Heterotic 
effect of similar magnitude has been noted for other traits e.g. survival rate, 
age at sexual maturity and body weight. Working with Alabio and Tegal ducks 
in Indonesia, Hetzel (1983) obtained heterosis percentage from the crosses of 
the above two breeds as follows: egg production percentage to 72 weeks of age, 
7.4 ; eff mass to 72 week, 1014; feed conversion ratio to 72 week, -9.9.
Similar heterotic effects have been obtained in chickens by Jain and Chandhary 
in India (1984) while working with White Leghorn x Rhode Island Red crosses, 
by Ooi et al. (1975) in Malaysia and by Soares and Fonseca (1984) in Brazil.

The favourable effects of heterosis have been established in crossing 
experiments involving imported pure lines and commercial lines as well. In 
many of these experiments involving diallele crosses to estimate heterosis in 
specific 2-way crosses and general and specific combining ability of lines, 
heterosis and reciprocal effects were significant (Singh et̂  a J ., 1983;
Mukherjee, 1983) for body weight developments. G.C.A. and S.C.A. effects 
were also found to be significant in these studies for body weights at certain 
ages, and in eviscerated weight (Table 3).

Similar diallele-cross experiments have been performed in White Leghorn 
lines to estimate heterosis for production traits. Jain ê t (1981) showed
occurrence of heterosis in most of the 2-way crosses within their diallele 
cross involving 4 lines, for egg production and sexual maturity. There is 
bundance of literature on this type of work from India and S. Korea, most of 
these published in Indian Journal of Poultry Science and South Korean Journal 
of Animal Science respectively.

In most of the developing countries, elite nucleus flock maintained by 
the Government or private hatcheries will continue to import parent lines from 
international breeders, and their strategy will be to produce a 2-way cross for 
commercial production. Local breeding programme for commercial production will 
not be as efficient as the parent stock from the above international breeders
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(Mukherjee, 1987)0 However for small holders’ production systems, local 
breeding programme of 2-way crosses could be quite useful. This needs main
tenance of two breeds or two lines within a breed and selection within lines 
based on cross performance.

e . Four-way crosses:

Current indications are that there is sufficient interest amongst some 
Brazilian and South-East Asian commercial breeders to upgrade their status from 
parent breeders to grand-parent breeders. This trend is supposed to follow 
with the breeders of Middle East and some other parts of South America.

A few elite nucleus flocks in different countries may attempt to develop 
new lines from the imported commercial lines. Applanalp (1986) suggested the 
possibility of developing inbred lines in poultry from hybrid crosses, but for 
less developed countries, similar objectives would be highly unrealistic 
because of the expense, labour and time involved. On the other hand, experi
ments done in the University of Malaya (Mukherjee, 1983) showed high general 
combining ability and specific combining ability of some commercial lines, 
when 4 male and 4 female parent broiler lines of four commercial companies 
(two American, one European and one Australian) were crossed with each other 
using a diallele mating pattern and their progeny were found to show heterotic 
effects for broiler traits. It is assum-d crosses of the two best progeny 
groups will yield a commercial cross of significant importance. In countries 
with large marketing potential, similar experiments might have been performed 
by commercial sectors but their results are not published.

Again in large countries e.g. India, both G overnment and industry 
recognise the growing demand for day old chicks, hence there are continuous 
efforts to develop pure lines for meat production and egg production locally, 
which may equal or excel in future the best currently available (Rao, 1983). 
Selection for lines for local adaptation, for ability to utilize locally 
available diets and minimising genotype x environment interaction effects are 
some of the processes which may encourage local commercial breeders or 
Government breeding farms to develop pure lines from imported pure lines or 
grand-parent lines or even certain breeds with relevant major genes but this 
needs a policy on the part of the Government to stop import which will be 
difficult to mae and implement.

f . Development of a breed by backcrossing:

Abdel Gawad et a l . (1980) developed the White Maraourah breed of Egypt 
by crossing Alexandria males and inbred Dokki-4 females, and then backcrossing 
the F- females to Alexandria males. The backcrossed White Mamourah showed 
phenotypic superiority for the economic traits studied (body weight, breast 
width and feed conversion ratio) over F 1 and the parental breeds. Detailed 
studies on skin colour, plumage colour and inheritance of this breed which was 
genetically stabilised had been given.

Backcrossing procedure was also used by Arboleda eit a l . (1973) by crossing 
Vantress Dominant White (VDM) and Arbor Acre White Rock (AAWR), then mating 
selected F^ females to pure VDW males. The resulting backcross male and female 
progeny were selected for higher body weights at 8-weeks and mated inter-se for
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two generations. There was approximately 10% increase in body weight of the 
selected group over the unselected backcrosses and correspondingly an increase 
in percentage of grade A breast fleshing.

Similar line crosses followed by backcrosses had been made by Mukherjee 
(1983) using two commercial lines but percentage increase of body weight amongst 
the backcrosses was not significant over the performance.

Studies of these nature must have been made by many other commercial and 
Government breeding farms with the objective of developing a new breed but 
reports of this study are not available, perhaps due to commercial secrecy.

SELECTION EXPERIMENTS

There is no dearth of selection experiments in the Government or 
Institutional breeding farms in Asia. Published reports available suggest 
work in the following areas:

i) Selection index and relative efficiency of selection m e thods:-

Selection on the basis of an index using data on body weight at 8 weeks, 
egg production to 300 days and percent hatchability of pullets in broiler flock 
was found to be relatively more efficient than tandem selection or independent 
culling levels for all traits except hatchability. Index selection was 35% 
more efficient than selection on culling level, which in turn was better than 
tandem selection (Sharma et al., 1983).

Comparisons have been made between index selection (multi-trait selection) 
and mass selection for individual traits (body weights at 8 and 20 weeks of 
age, 35-week egg weight, age at sexual maturity and egg production to 260 days 
of age) by Verma et_ a T . (1984) in White Leghorn strains. For aggregate genetic 
response, index selection was found to be 2.76, 3.33,, 13.66, 1.32 and 1.53 
times more effective than direct selection for egg production, egg weight at 
35 weeks of age, initial egg weight, 20-week body weight and 8-week body 
weight respectively.

Superiority of selection index compared to mass selection for broiler 
traits and for egg laying traits have been reported by other workers (Chung 
ejt ajL. , 1983; Sang et̂  al . , 1983) 0 Various selection indices to improve egg 
production in White Leghorn flocks have been compared by Singh et a l . (1984).
When 10% cockerels were selected in each population, selection of 40% females 
based on an index was found to give better genetic response than when 
selection with different intensity was made for individual traits. Similar 
observations were noted by Ayyagari et_ _al. (1985) in another White Leghorn 
population and by Makarechian (1983) while working with indigenous chickens 
of Southern Iran.

There are various reports concerning the efficiency of selection based 
on part records of egg production (Ayyagari _et jil. , 1980, 1983; Johari et a l . , 
1985) from India. In general, there are close agreements between observed and 
predicted genetic response to selection in all the experiments involving 4 
generations of selection or more, which indicated that natural selection, 
genotype-environment interaction and environment fluctuations were unimportant
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during the course of selection. All these studies indicate that egg production 
records until 260-280 days would be sufficient for selection to increase total 
egg production in tropical locations.

(ii) Efficiency of one and two stage index selection for egg type chickens

Experiments conducted to investigate the comparative efficiency of one 
stage selection of various traits in an index and two stage selection index 
(hwere some traits were selected at an early age and some other at a later age) 
did show that single stage indices where all the major traits are incorporated 
had higher relative efficiencies compared to two stage selection (Verma et al. , 
1984; Ayyagari et a l ., 1985). In the earlier study, the correlation between 
index and aggregate genotype ranged from 0.43-0.67 for various indices, but 
was always highest for one stage index using the major traits.

(iii) Restricted selection index in poultry breeding:-

Quite a few papers from India showed the effect of restricted selection 
index on maximising genetic gain in egg production. One report (Narayanikutty 
and George, 1984) involving three restricted indices, one on egg weight, 
another on 40-week body weight and the third one with restriction on both these 
traits showed that restriction of 40-week body weight would be more effective 
than the other restrictions.

(iv) Selection experiments in d u c k s :-

Brown Tsaiya and White Tsaiya were genetically improved by many 
generations of selection (Tai, 1985). A selection index to maximise genetic 
improvement of egg number at 40 weeks without reducing egg weight or increasing 
body weight is in practice within each of four strains of native Brown Tsaiya 
ducks, whose egg production performance till 35 weeks of age range from 105-111 
eggs with egg weight at 30 weeks ranging from 64.3 to 65.6 eggs. Selection in 
White Tsaiya (mule ducks - Muscovy drakes x Brown Tsaiya ducks) started in 1966 
mainly for completely white plumage and typical Tsaiya conformation. Since 
then 4 lines of White Tsaiya have been developed - a control line without any 
major selection criteria except for a slight increase in egg numbers, a line 
selected for carcass appearance of mule ducks and raise the value of the 
feather, and two inbred lines with an inbreeding coefficient reaching not more 
than 50% with a view to use these two inbred lines for future crossing to 
measure heterosis (Tai, 1985).

Selection for high body size and egg numbers in Pekin ducks, and selection 
for White Muscovy ducks based on the white plumage of its mule progeny has been 
also reported by Tai (1985). In Pekin ducks, increase in body weight due to 
selection resulted in lowered egg number and delayed sexual maturity. Muscovy 
sire lines are being selected to improve body weight and fertilizing capacity.

In India, Bulbule (1985) reported the construction of a selection index 
based on Osborne's index (1957) which is being used for the development of 
various strains of ducks kept in Central Duck Breeding farm, Hessarghata, India. 
Genetic progress in these strains as a result of selection has not yet been 
documented.
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Since there are wide variety of management system of sucks in Asia (ducks 
herded on newiy harvested rice, ducks on flooded fallow rice fields, ducks 
scavenging in dry fallow fields, ducks in ponds, canals and rivers, and ducks 
fully yarded), future selection objectives for these systems may have to be 
different for these systems (Mukherjee, 1986), compared to European selection 
objectives (Pingel, 1983; Powell, 1988) although Powell (1988) presented 
evidence to suggest that commercial strains produced in Europe are gaining 
ground in the Asian markets, and eventually extensive systems of management will 
have to make way for modern enterprises. However, Mukherjee (1985) reported 
for systems where egg production is more important than meat production, 
scavenging ducks will still play an important role, and selection for their 
total number of eggs produced and persistency of production should be undertaken 
for future genetic gain. There are many attempts to improve egg production by 
nongenetic means and crossbreeding (Hetzel, 1983; Hetz a l , 1980) but faster 
genetic response could be obtained if crossbreeding is combined with selection 
of native stock which is in use as one of the parental lines in the cross.

v) Selection experiments in other poultry species

There are some publications on selection of body weight and egg production 
in different lines of quail from Central Avian Research Institute, Izatnagar. 
Relative efficiency of various selection methods for four week body weight has 
been presented by Ahuja et a l . (1981) and for production efficiency by 
Sreenivasaiah et_ a T . (1980). Literature on selection as well as breeding of 
turkeys, geese and guine-pigs in developing countries could not be traced but 
reports in regional literature, perhaps in native languages could have been 
published.

BIOTECHNOLOGICAL ADVANCEMENTS

Most of the advanced research institutes in the tropical countries (e.g. 
Indian Veterinary Research Institute, Izatnagar, Institute of Advanced Studies, 
University of Malaya, Kuala Lumpur) have started work on gene mapping in 
chickens and production of monoclonal antibodies against specific diseases. 
Research pertaining to monoclonal antibodies is also in progress in the 
Philippines, Thailand and Indonesia,, Studies on restriction fragment length 
polymorphism (RFLP) in chicken r.b.c. DBA has started in our University about 
a year ago, using lines of chickens incorporated with major genes (e.g. naked 
neck, dwarf, frizzle) and some commercial lines but so far no polymorphism has 
been observed in any of these populations when their DNA was hybridized with 
bovine or porcine GH probe. Attempts are now being made to bring chicken 
probes from laboratories in US. and Canada. Once a good number of probes are 
available, specific sites in the genome could be tested for presence of poly
morphism and relationship of these polymorphic farms to certain traits.

Research establishment of FAO's Asian network for biotechnology in animal 
production and health and existence of a similar network in Latin America will 
encourage exchange of above probes, specific antigens etc. This catalytic 
activity of the FAO is highly commended by many Asian Governments.
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GENERAL DISCUSSIONS

Unlike chickens, and to a certain extent ducks, other poultry species are 
not yet popular commodities in the markets of developing countries. Hence, 
there are practically very little breeding and selection experiments done on 
other species. Perhaps international breeding franchises,'especially turkey 
farms have a special role in the creation of markets for these two species in 
animal protein deficient countries.

Although the sales of commercial parent lines and perhaps later the grand
parent lines produced in Western countreis increase, there should be greater 
efforts on thepart of the planners of developing countries for making provision 
of proper identification, documentation and evaluation of indigenous breeds 
of domesticated poultry species. F A O ’s programme in the conservation of 
genetic resources of domestic animals should therefore emphasize conservation 
and development of native poultry.

Commercial breeding companies, mainly the international franchises will 
probably design future breeding strategies that are appropriate for dry and 
humid tropics. Greater emphasis on disease resistance through immunogenetic 
methods, efficiency of feed conversion, heat tolerance and desired plumage and 
shell colour has to be placed in order to be competitive in many markets of 
developing countries.
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