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I n t r o d u c t i o n

The practical im plication for animal breeding of the occurrence of genotype x 
environment interactions is tha t one selection environment may be superior to 
another when selecting for perform ance in a given production environment. The 
objective of this paper is to assess the contribution of published experiments to 
the identification of the m ost appropriate nutritional environm ent(s) in which 
to select for efficient pig m eat production, and discuss the direction which future 
research should take.

A num ber of m ethods for classifying interactions have been proposed (revie
wed by P a n i  and L a s l e y , 1972). However, in term s of the design of selection 
program m es and  practical anim al breeding, it is only the distinction between 
changes in phenotypic variance and changes in rank order between environments 
which is im portant. These types of interaction may be found together or separately 
in test situations. The significance of the form er type will depend on the potential 
difference in selection response associated w ith the difference in inter-environ
m ental phenotypic variance; the existence of the la tte r type indicates that differ
ent genotypes are required for superior performance in  the different environ
ments.

I t  seems unlikely tha t the problem of determining the m ost suitable selection 
environm ent(s) for pig im provem ent will be solved by application of the genetic 
theory of genotype x environm ent interactions propounded by Falconer (1952) and 
fu rther developed b y  D ickerson (1962). Estim ation of the param eters with the
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required precision necessitates the m easurem ent of large num bers of individuals 
in each of the alternative environments and for pig breeding the cost appears to 
be prohibitive.

T h e  c o n t r i b u t i o n  o f  p u b l i s h e d  w o r k

The cost of the dynamic approach to genotype x environment interactions, 
in which the possible accumulations of differential responses are m easured when 
selection is practised in different environments, appears to  be equally prohibitive 
for pigs. The experiment of F o w l e r  and E n s m i n g e r  (1960) is the only published 
report of the procedure being applied to pigs and its conclusions have been 
questioned by K i n g  (1972) because of the large sampling errors attached to the 
original observations. In  the absence of solutions for pigs, it is necessary to 
consider solutions obtained for other species and assume th a t any theory developed 
from  these holds for pigs also. The published selection experim ents are lim ited 
both in the species tested and the character-environm ent relationships studied: 
experiments w ith mammals are restricted alm ost exclusively to growth rate  on 
ad libitum  and restricted feeding regimens for ra ts  and mice. Yet, even w ithin 
this small compass, there is little support for a general theory. For example, 
F a l c o n e r  and L a t y s z e w s k i  (1952) and F a l c o n e r  (1960) found tha t special adaptation 
occurred to different feeding regimens and im provem ent in perform ance on the 
favourable environment (ad libitum  feeding) was obtained as a correlated response 
to selection on restricted feeding but not vice versa, whereas D a l t o n  (1967) and 
B a i l e y , H a m m a c k , H a r v e y  and P r o b e r t  (1970) found no evidence of special adapta
tion, and indirect responses on either regimen were equal to direct responses on 
the same regimen.

An alternative to the dynamic approach is the static approach in which the 
relative perform ances of different genotypes are m easured under different 
environm ents in factorially designed experim ents and the interaction variance 
estim ated. Considerably less resources are required for this approach and a num 
ber of workers have applied it to pigs. The choice of genotypes and nutritional 
tream ents has, in general, been arbitrary , creating a body of literature w ith a 
wide range of genotype — nutrition  combinations.

The more im portant experiments involving differences in energy intake are 
sum m arised in Table 1. (Experiments com paring differences in feeding level are 
considered together with those designed specially to com pare differences in energy 
intake on the assum ption that the reductions in feeding level would have influen
ced growth prim arily by limiting energy intake). I t  is evident tha t significant 
interactions were recorded fairly frequently and tha t rank  order changes asso
ciated with significant differences in variance were as common as those for 
variance changes alone.

The m ajority  of reports concern in terbred of in tercrossbred comparisons which 
have little direct relevance to the question of w hat is the m ost suitable nutritional 
environm ent for selection purposes because selection is norm ally conducted 
w ithin breeds. Also, in many of the experim ents greater degrees of restriction 
have been applied than are found in practice. The A. R. C. (1967) level of feeding 
(which was derived from the to appetite in take of pigs a t M. L. C. Testing Stations) 
is approxim ately 80 to 85 % of ad libitum  feeding and recent evidence suggests
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TABLE 1

S u m m a r y  o f  pactorial genotype x n u t r it io n  in t e r a c t io n  e x p e r im e n t s  in v o l v in g  difference  i n  energy  intake

Environments
Significant interactions 

(P = 0.05)
Experiment oenoiypes 

comparison was: 1 2 Growth
Rate EFC Lo r F

1. C u m m i n g s  and W i n t e r s  (1951) ... Between breeds Ad lib 85 % * — — O
2. W a r r e n  and D i c k e r s o n  (1952) ... Between crossbreds Ad lib 80 % * V O O
3. G r e g o r y  and D i c k e r s o n  (1952). Between non-inbreds, Ad lib 87 % * O — V

inbreds
4. L u c a s  and C a l d e r  (1956) ............ Between crossbreds 90 % * 45 % * 0 o V
5. L u c a s  and C a l d e r  (1956) ............ Between crossbreds 90 % * 55 % * RO RO 0
6. B r u n d s t a d  and F o w l e r  (1959) ... Between lines Ad lib 70 % * — — V
7. S a l m e l a  et al. (1960) .................. Between lines Ad lib 75 % * RO — RO
8. D a v e y  et al. (1969)...................... Between lines 85 % * 65 % * V 0 V
9. P l a n k  and B e r g  (1963) ............ Between and within «To Appetites 60 % * RO 0 RO

breeds
10. H a l e  and C o e y  (1963) ................. Within breeds Ad lib 80-100 % * O o O
11. N i t z s c h e  and E n g l i s c h e  (1967). Within breeds Ad lib 70 % * RO — V
12. M i n k e m a  (1971) ............................ Within breeds Ad lib 80 % 4 O 0 o
13. K u h l e r s  et al. (1972) ................. Between breeds Difference of 25% between O 0 o

two diets fed ad lib
14. B o w l a n d  and B e r g  (1959) ....... Between breeds Difference of 20% between RO V o

and crosses diets fed «to appetite®
15. R i c h m o n d  and B e r g  (1971) ....... Between breeds Difference of 25% in diets RO — o

and crosses fed ad lib

L or F = characters 
related to 
fatness or 
leanness

— = character not
reported

O = no
interaction

V = change in 
phenotypic 
variance

RO = rank order 
change 
associated 
with a 
significant 
change in 
variance

Estimated percentage of ad libitum feeding.



that this level of restriction is too severe for curren t strains of pig (Barber, 
Braude, Mitchell and P ittman, 1972). In  the experim ents given in Table 1 where 
ad libitum  feeding was compared with a restricted  scale above 80 % of ad libitum  
feeding, there were no rank order changes and differences in variance occurred 
less frequently than where comparison was w ith restric ted  feeding below 80 %. 
In the two experiments which could possibly represent practical circum stances 
in term s of genotype and environment (H ale and Coey, 1963, and Minkema, 1971), 
no significant interactions were found. I t  is clearly im portan t to conduct fu rther 
experim ents within breed and with curren t energy intakes to determ ine w hether 
interactions can in fact be disregarded under practical circumstances, especially 
since small differences observed in one generation may be accum ulated over 
generations to produce an interaction which is practically im portant.

In  comparison with experiments involving differences in energy intake, there 
are relatively few specially designed to com pare differences in protein intake 
(Table 2). These experiments also involve wide genetic differences. The picture 
presented appears to be simpler than for genotype x feeding level interactions. 
K ing (1972) found no im portant interactions when he com pared breeds and 
crosses, showing wide differences in leanness, fed dietary protein concentrations 
w ithin the range of current practice. Interactions have been found in experiments 
w ith wide differences in protein intake, and particularly  when a very low level 
of dietary protein was used (H ale and Southwell, 1967; Davey and Morgan, 1969); 
but, even with these, there were no im portant rank  order changes. These results 
suggest that protein level interactions will be un im portant when protein intakes 
are adequate for lean tissue gain. However, in five of the experiments considered, 
diets w ith different protein concentrations were fed ad libitum. Consequently, 
where the genotypes compared had different appetites, the differences in protein 
concentration were confounded with differences in ra te  of protein intake. I t  is, 
therefore, im portant to substantiate the conclusion when the levels of protein 
intake are the same for each of the genotypes tested.

The m ajority  of published reports are, thus, only indirectly applicable to prac
tical circumstances and valuable in so far as it is valid to apply results from 
wide genotype and environment differences to the sm aller differences which 
obtain in practice. Nevertheless, experiments of this type, especially because they 
involve wide differences and provide examples of determ inate interactions, are 
suitable to establish a link between the genetic theory of interactions and the 
biological basis of their occurrence. They are «common ground* for the geneticist 
and nutritionist and, provided such experim ents are in terpreted  in term s appro
priate to both, could produce a synthesis of ideas from  which a clearer under
standing of genotype x nutrition  interactions would develop. A possible approach 
is considered below w ith particular reference to genotype x energy level 
interactions.

The basis of genotype x energy level interactions

Growth may be considered in term s of the partition  of daily energy intake 
between m aintenance and lean tissue and fa t deposition. Genotypes could differ 
in a num ber of factors involved in the partition  of energy intake.
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TABLE 2

Su m m a r y  of factorial genotype x nutrition interaction experiments involving differences in protein intake

E x p erim en t G enotypes

E n v iro n m en ts  
(%  c ru d e  p ro te in  in  d ie ts)

Feeding
reg im en

S ig n ifican t in te ra c tio n s  
( P  =  0.05)

1 2 3 G ro w th
rate E FC

L eannes o r 
fatness

H ale a n d  S outhw ell (1967) .. . B etw een  b re ed s 18-15 16-13 14-11 Ad lib O V O
B ayley a n d  S umm ers (1968) .. . B etw een  b re ed s 13 16 — Ad lib V o O

a n d  c ro sse s
Bayley a n d  S umm ers (1968) .. . B etw een  cro sses A dd ition  of sy n th e tic  am ino Ad lib 0 0 o

acid s to  a  14 °/o d iet.
Davey a n d  M organ (1969) ....... . B etw een  lines 12 20 — 85 % * 0 — V
K ing (1972) ...................... . B etw een  crosses 18-16 16-14 — Ad lib 0 o 0
H olme (1970) ................... . B etw een  b re ed s 14.2 16.6 19.0 Ad lib 0 0 V

— Character not reported.
O No interaction.
V Change in phenotypic variance.

RO Rank order change associated with a significant change in variance. 
* Estimated percentage of ad libitum feeding.



1) Rate of energy intake. Under practical circum stances, the daily energy 
intake can be restricted to any level below appetite o r this may be expressed. 
The existence of genetic variation in appetite cannot be doubted.

2) Digestibility and the efficiency of protein and fat deposition. There is 
little evidence for significant genetic variation in these factors.

3) Daily maintenance requirement (D.M .R.). Evidence w ith which to assess 
the im portance of genetic variation in D. M. R. is limited. In terbreed differences 
have been recorded by Okwuosa (1971) and Sharma, Young and Smith (1972): in 
both reports the fatter-type genotype had the lower D. M. R. If this factor is 
involved in the occurrence of genotype x nu trition  interaction, it is likely to be m ost 
significant w ith comparisons involving low levels of feeding when m aintenance 
would account for a high proportion of the daily energy balance. Under practical 
breeding circumstances, where rates of feed intake are  norm ally high and differ
ences between possible selection feeding regimens are prim arily a function of 
m ethod ra ther than level of feeding, it is likely to be relatively unim portant.

4) Rate of lean tissue gain (R. L. T. G.). I t is generally accepted th a t there 
is a lim it to the rate a t which a given genotype can deposit lean tissue and that 
energy in excess of that required for lean tissue gain is converted into fat. To 
a large extent, fat deposition can be regarded as a storage of excess energy and, 
thus, the rate  of fat deposition can be considered to be dependent on the genetic 
factors already considered.

Genetic differences in growth can, therefore, be characterised in term s of the 
component growth characters: appetite, daily m aintenance requirem ent and the 
potential for R. L. T. G. The characters norm ally recorded in genotype x nutrition  
interaction experiments, e. g. percentage carcass lean and efficiency of live-weight 
gain (E. F. C.) m easured over a fixed live-weight period, are each the expression 
of a complex balance between the component grow th characters. The relative 
im portance of each component character in contributing to a m easure of a com
plex character for a given genotype will depend on the nutritional environm ent 
and the ranking and variance for a num ber of genotypes in a given nutritional 
environment will depend on the between genotype differences for each component 
character. I t  is proposed that experiments would contribute more to an under
standing of the occurrence of interactions if differences between genotypes were 
in terpreted  in term s of these component characters and if nutritional environ
m ents were compared in term s of daily rates of nu trien t intake. At present rates 
of feed intake are rarely reported, even w ith ad libitum  feeding.

The results of an unpublished experim ent ( K e m p s t e r , 1973) dem onstrate the 
value of interpreting interactions in this way. Four sires were selected, on the 
basis of their performance test results when fed ad libitum , to exhibit the extre
me combinations of the characters E. F. C. ad leanness (determ ined by ultrasonic 
backfat measurem ents): efficient and lean (E. L.), efficient and fat (E. F.), inefficient 
and lean (I.L .) and inefficient and fat (I.F .). The sires w ere progeny tested w ith 
ad libitum  feeding and w ith restricted feeding to the A. R. C. (1 9 6 7 ) scale over the 
live-weight range 25 to 90 Kg. Dietary protein concentrations were adjusted  so that 
rates of protein intake were approximately equal on both  feeding regimens. 
Significant sire x feeding regimen interactions were recorded for a num ber of 
characters including E. F. C. and lean tissue food conversion (L. T. F. C., Kg feed 
per Kg lean tissue gain). The E. F. C. results are given in Table 3.
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E. L. and E. F. pigs were equally efficient with the two feeding regimens whereas
I. F. pigs were less efficient w ith ad libitum  feeding. Observationally, the inter
actions E. L. versus I. F. and E. F. versus I. F. were the same. However, when 
considered in term s of appetite and R. L. T. G., it was apparent tha t these inter
actions had different bases (Table 4). E. L. pigs had a higher potential for R. L. T. G. 
and marginally lower appetite than I. F. pigs (they were m ore efficient w ith ad 
libitum  feeding because they deposited more lean tissue and, thus, had a lower 
energy requirem ent per unit live-weight gain); E. F. pigs had a slightly higher 
R. L. T. G. and higher appetite than I. F. pigs (they were m ore efficient w ith ad 
libitum  feeding to some extent because they had a higher R. L. T. G. but also 
because they grew faster due to  their higher appetite and, thus had a lower 
overall m aintenace requirem ent). The differences between E. L. and E. F. pigs 
were such th a t they reacted differently in L. T. F. C. to the change in feeding 
regimen, bu t the in teraction was not significant (Table 5).

Interactions which are observationally the same but have different bases may 
well create different practical problems. It is clearly im portant, if the results 
of different experim ents are to be related to each other and a practically valuable 
body of inform ation built up, that interactions are interpreted in term s as closely 
representative of the grow th process as possible. I t is an unnecessary complication 
to consider only the complex characters when they can be divided into measurable 
component characters.

Certain inferences can be draw n by considering published experiments in the 
term s proposed.

1) The results from  experim ents which include a com parison of genotypes 
on ad libitum  or to appetite  feeding, suggest that the m ost im portant cause of 
interactions is tha t genetic differences in appetite are allowed expression on these 
feeding regimens (when norm al or high energy diets are fed) bu t are denied 
expression on restricted  feeding or when low energy diets are fed ad libitum. One 
wonders w hether the probability of genotype X feeding regimen interactions 
occurring, and possibly their magnitude, could be determ ined directly from  a 
knowledge of the genetic variation in voluntary feed intake w ithin a given 
population of pigs.

2) The experim ent of Davey, Morgan and K incaid (1969) is suitable for this 
type of enquiry. The w orkers compared the lines, selected for high (H.) and 
low (L.) backfat thickness in each of the Yorkshire (Y.) and Duroc (D.) breeds 
at Beltsville, w ith two restric ted  levels of feeding (see Table 1). Diets were form ulated 
so tha t the ra te  of intake of nutrients other than energy was approxim ately equal 
on both feeding levels and pigs were serially slaughtered at fixed ages. Restric
tion resulted in  changes of +  4, -  12, -  10 and -  9 % in R. L. T. G. for the Y. H., 
Y. L., D. H. and D. L. lines respectively. The 12 % decrease in the Y. L. line, which 
had the highest potential for R. L. T. G., suggests tha t genotypes w ith high 
potentials for R. L. T. G. are more sensitive to a reduction in energy intake. The 
results of Davey and Morgan (1969) similarly suggest tha t genotypes w ith a higher 
potential for R. L. G. T. require a higher protein intake to express this potential. 
The genetic im plication of these results is, as H ammond (1947) proposed, tha t at 
sub-optimum levels of nu trien t intake there is likely to be a sm aller genetic 
variance for this character and lower response to selection.
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TABLE 3

Sire x FEEDING REGIMEN MEANS FOR EFC

S i r e
Feeding regimen

EL EF IL IF

A. R. C. Scale ............ 3.06 3.08 3.15 3.08
X X xy y

Ad libitum .................. 3.07 3.11 3.23 3.41

Differences between pairs of 
different (P = 0.05).

means marked with the same letter were not significantly

TABLE 4

R ate of lean tissue GAIN AND RATE <of feed intake w i t h  ad libitum feeding (Kg/day)

S i r e

EL EF IL IF

RLTG ............................ 0.300„ o .m ab 0.256* 0.244*

Rate of feed intake ... 2.54„ 2.76„ 2.59ai 2.62at

Means with the same suffix were not significantly different (P = 0.05).

Sire x  feeding regimen MEANS FOR

TABLE 5

LEAN TISSUE FOOD 
TISSUE GAIN)

CONVERSION (Kg feed per Kg LEAN

S i r e
Feeding Regimen

EL EF IL IF

A. R. C. Scale ................. 7.29 7.71 7.74 7.74
X xy xy y

Ad libitum ....................... 7.58 8.26 8.26 8.98

Differences between pairs of means marked with the same letter were not significant.lv 
different (P = 0.05).

880



3) The second experim ent of L ucas and Calder (1956) is particularly interesting 
because the efficiency of live-weight gain of their lean type cross was not only 
reduced to a greater extent than that of their fat-type cross by restricted feed 
intake (as the results of Davey et al (1969) would lead one to expect) but were 
inferior to it on the lower feeding plane. This change in rank order could possibly 
be explained if fatter-type genotypes have a lower D. M. R. than leaner-type 
genotypes (the results of Okwuosa (1971) and Sharma et al (1972) support such a 
pioposition). Then, on the lower level of feeding, where m aintenance would 
represent a high proportion of the eenrgy balance, the fatter-type could well be 
superior on the higher level of feeding, tissue gain would be more im portant 
and the leaner-type genotype would be more efficient due to its lower energy 
requirem ent per unit liveweight gain. I t  is interesting to speculate that such a 
proposition implies tha t selection for increased R. L. T. G. leads to a deterioration 
in D.M .R.

Finally, the implications of the results reported earlier (K empster, 1973) are 
considered. The results are for the progeny of four sires only and conclusions 
can only be tentative. Ad libitum  feeding allowed the sire progeny groups with 
higher potentials for R. L. T. G. to express their potential and provided greater 
between sire variation in L. T. F. C and E. F. C. than the A. R. C. (1967) scale. 
Response to selection for these characters is, therefore, likely to be higher with 
ad libitum  feeding. There were no rank order changes indicating that genotypes 
selected for superior perform ance with ad libitum  feeding would also be superior 
w ith restricted  feeding to the A. R. C. scale.

It was evident tha t E. L. pigs, which were superior for L. T. F. C., had a higher 
potential for R. L. T. G. and lower appetite than the other sire progeny groups. 
If selection for L. T. F. C. w ith ad libitum  feeding results in genotypes with high 
R. L. T. G. and low appetite, there is cause for concern because these factors are 
not compatable in the long term  — eventually appetite will lim it the expression 
of that R. L. T. G. required for maximum L. T. F. C. The fact that E. L. pigs were 
only marginally less efficient a t converting feed into lean tissue with ad libitum  
feeding than w ith the restricted  scale suggests that this position is close for 
improved types of pig. Consequently, there is a need to examine the changes 
which selection is bringing about in the relationship between appetite and R. L. T.G,. 
and determ ine w hether appetite should be included in selection indexes so as 
to be m aintained at a suitable level in relation to R. L. T. G.

SUMMARY

The contribution of published genotype x  environment interaction experiments 
to the determ ination of the m ost appropriate nutritional environment in which 
to select for efficient pig m eat production was discussed, and a possible approach 
for fu ture work proposed.

The cost of applying the appropriate genetic procedures to pig breeding appears 
to be prohibitive and there is little possibility that a general theory will be 
developed from selection experim ents with other species. The m ajority  of factorial 
experiments w ith pigs have been interbreed comparisons w ith wide differences 
in nutritional environment. These are only indirectly applicable to practical breed-
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ing circum stances and valuable in so far as it is valid to apply their results to 
the sm aller genotype and environmental differences which obtain in practice. 
Furtherm ore, it is difficult to in terpret the results and draw  conclusions from 
a num ber of different experiments because, in m ost cases, neither the genotypes 
nor the environments are defined in term s closely representative of the growth 
process.

The characters normally included in breeding schemes e. g. efficiency of live- 
weight gain and percentage carcass lean are each the expression of a complex 
balance between the component growth characters: appetite, daily m aintenance 
requirem ent and daily rate of lean tissue gain. I t was proposed that a greater 
understanding of the occurrence of interactions would result if they were in
terpreted  in term s of these component characters and if nutritional environments 
were com pared in term s of daily rates of nu trien t intake.

RESUMEN

Se discute la aportacion de las publicaciones sobre experimentos acerca de las 
interacciones genotipo/medio ambiente para  determ inar el medio am biente nutri- 
cional mas apropiado para la selection de una production  eficiente de carne de 
cerdo, y se propone una posible aproximacion a un trabajo  futuro.

El coste de aplicacion de los procedimientos geneticos apropiados para la cria 
de cerdos parece ser prohibtivo y las posibilidades de desarrollo de una teoria 
general a p a rtir de experimentos de selection son escasas. La m ayoria de los 
experimentos factoriales con cerdos han sido comparaciones inter-razas con am- 
plias diferencias en cuanto al medio am biente nu tritional. Este tipo de experi
mentos es solo aplicable indirectam ente a las circunstancias practicas de la cria 
y su valor solo es tal en cuanto que es valido aplicar sus resultados a las dife
rencias menores de genotipo y medio am biente que se obtienen en la practica. 
Ademas, existe la dificultad de in terp retation  de resultados y de obtencion de 
conclusiones partiendo de un numero de experimentos diferentes, ya que en la 
mayoria de los casos ni los genotipos ni los medios am bientes se encuentran 
definidos en terminos estrecham ente representatives del proceso de crecimiento.

Cada uno de los caracteres que se incluyen norm alm ente en los esquemas de 
cria (p. ej., valor de la ganancia de peso vivo, porcentaje canal/carne magra) 
expresa u n ’complejo equilibrio entre aquellos que componen el crecimiento: ape- 
tito, necesidades diarias de m antenim iento y ritm o de ganancia diaria de tejido 
magro. La comprension de la presencia de interacciones seria mayor si estas 
fuesen interpretadas en term inos de los mencionados caracteres-componentes y si 
los diversos medios ambientes nutricionales fuesen com parados en term inos de 
proportion  diaria de ingesta nutritiva.

RESUME

On discute ce que les publications sur les experiences au sujet des interactions 
genotype/milieu environnant ont apporte pour determ iner le milieu environnant 
nu trititif le plus adequant pour la selection d ’une production efficiente de viande 
de pore, et on propose une possible approxim ation a un fu tu r travail.
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Le cout d’application des precedes genetiques adequats pour l’elevage de pores 
parait e tre  prohibitif, e t les possibilites de developpement d ’une theorie generate 
a p artir de experiences de selection, sont peu abondantes. La p lupart des expe
riences factorielles avec pores ont ete des comparaisons inter-races, avec de larges 
differences qunt au milieu environnant nutritif. Ce type d'experiences n ’est appli
cable indirectem ent qu’aux circonstances pratiques de l’elevage, et leur valeur 
n ’existe comme tel que si 1’on peut appliquer lurs resultats aux differences plus 
petites de genotype et milieu environnant qu’on obtient dans la pratique. En plus, 
il existe la difficulty d ’in terpretation  de resultats et d ’obtention de conclusions, 
en p artan t d ’un num ero d ’experiences differentes, car, dans la p lupart des cas, 
ni les genotypes ni les milieux environnants se trouvent definis en termes etroite- 
ment representatifs du proces de croissance.

Chacun des caracteres que norm alem ent s’incluent dans les schemas d'elevage 
(par ex. valeur du gain de poids vif, pourcentage carcasse/viande maigre) exprime 
un complexe equilibre entre ceux qui composent la croissance: appetit, necessites 
journalieres d ’entretien, et rythm e de profit quotidien de tissu maigre. La com
prehension de la presence d ’interactions serait plus elevee si celles-ci fussent 
interpretees selon les caracteres-composants deja mentionnes, et si les divers 
milieux environnants nu tritifs fussent compares selon la proportion journaliere 
d ’ingestion nutritive.

R E F E R E N C E S

A gricultural R ese arch C ouncil (1967): The Nutrient Requirements of Farm Livestock 
No. 3, Pigs’. A. R. C., London.

B ailey, C. M.; H a m m a c k , S. P.; H arvey, W. R., and Prob ert, C. L. (1970): J Anim Sci 30' 
337-347.

B arber, R. S.; B raude, R.; M itchell, K. G., and Pittman, R. J. (1972): Anim. Prod., 14:199-208. 
B ayley, H. S„ and Su m m e r s , J. D. (1968): Can. J. Anim. Sci., 48:181-188.
B o w l a n d, J. P., and B erg, R. T. (1959): Can. J. Anim. Sci., 39:102-114.
B runstad, G. E., and F o w l e r , S. H. (1959): J. Anim. Sci., 18:211-220.
C u m m i n g s , J. N„ and W inters, L. N. (1951): Tech. Bull. Minn. Agric. Expt. Station, No. 195. 
D alton, D. C. (1967): Anim. Prod., 9:425-434.
D avey, R. J., and M o r g a n, D. P. (1969): J. Anim. Sci., 28:831-836.
D avey, R. J.; M o r g a n, D. P., and K incaid, C. M. (1969): /. Anim. Sci., 28:197-203. 
D ickerson, G. E. (1962): Anim. Prod., 4:47-63.
Falc oner, D. S. (1952): Amer. Nat., 86:293-298.
Falconer, D. S. (1960): Genet. Res., 1:91-113.
Falc oner, D. S., and Latyszewski, M. (1952): J. Genet., 51:67-80.
F o w l e r , S. H., and E n s m i n g e r, M. E. (1960): J. Anim. Sci., 19:435-449.
G r e g o r y, K. E., and D ickerson, G. E. (1952): Missouri Agric. Expt. Stat. Res. Bull., No. 493. 
H ale, O. M., and S o u t h w e l l , B. L. (1967): /. Anim. Sci., 26:341-344.
H ale, R. W., a n d  Cof.y, W. E. (1963): J. Agric. Sci., C am b., 61:81-88.
H a m m o n d , J. (1947): Biol. Rev., 22:195-213.
H o l m e , D. W. (1970): B. S. A. P. Special Topic Meeting on Genotype-nutrition interactions 

with special reference to pigs.
K emp ster, A. J. (1973): Ph.D. Thesis. University of Reading.

885



King, J. W. B. (1972): In Pig Production, Proceedings of the 18th Easter School in Agricul
tural Science, University of Nottingham, pp. 21-36. Buterworths, London.

Kuhlers, D. L.; Chaphan, A. B., and First, N. L. (1972): J. Anim. Sci., 35:1-7.
Lucas, I. A. M., and Calder, A. F. C. (1956): J. Agric. Sci., Camb., 47:287-303.
Minkema, D. (1971): Annls. Genet. Set., 3:110.
Nitzsche, G., and Englische, H. G. (1967): Arch. Tiers., 10:227-243.
Okwuosa, B. N. (1971): Ph.D. Thesis, Leeds University.
Pani, S. N., and Lasley, J. F. (1972): Res. Bull. Mo. Agric. Exp. Sta., No. 99a.
Plank, R. N., and Berg, R. T. (1963): Can. J. Anim. Sci., 43:72-97.
Richmond, R. J., and Berg, R. T. (1971): Can. J. Anim. Sci., 51:31-39. 41-49 and 523-531. 
Salmela, A. B.; Rempel, W. E., and Comstock, R. E. (1960): J. Anim. Sci., 19:84-88. 
Warren, W. M., and Dickerson, G. E. (1952): Res. Bull. Univ. Mo., No. 511.

884


	J06-GENOTYPE x ENVIRONMENT INTERACTIONS IN PIGS
	A. J. KEMPSTER




