1. Introduction

When we say optimum
time of replacement of a
perennial crop or livestock
enterprise or a farm ma-
chinery, we consider the
determination of the time
when the farm enterprise
or the farm machinery
achieves accumulatively,
directly or indirectly, the
maximum average profit
or income. This time de-
pends on the kind of farm
enterprise or farm machin-
ery and it can be expressed
in years of productive life
(orchards, vineyards), in
hours of work (tractors), in
hectares harvested (com-
bines, sugar beet or cotton
pickers), in number of lac-
tation periods (cows, ewes,
goats), in number of litters
(sows) etc.

The problem of deter-
mining the optimum re-
placement time of various
perennial farm enterprises
and more specifically of
various kinds of produc-
tive animals has not been
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Abstract

The purpose of this paper is to determine the optimum replacement time (lac-
tation period or litter) of the various kinds of productive animals, which are
reared in our country. For this determination three methods are applied, name-
ly the method of the average total cost of production, the method of the aver-
age “standardized” sum of the gross profit and the value of the slaughtered an-
imal, and the method of the average “standardized” farm income.
The analysis showed that the optimum replacement time of a productive ani-
mal does not differ considerably between the methods of the average total
costs of production and the average farm income. On the contrary, the opti-
mum time of replacement is much greater when using the sum of the gross
profit and the value of the slaughtered animal method.
Comparing the results of applying the above mentioned methods to various
kinds of productive animals, it is concluded that the most appropriate and suit-
able method is the one which is based on farm income because it determines
the exact, and corresponding to actual practice, lactation period or litter as an
optimum time of replacement.

Résumé
L'objectif de ce travail est de déterminer la période optimale de replacement
(période de lactation ou portée) pour différents types d'animaux productifs,
qui sont élevés dans notre pays. Pour cette détermination, trois méthodes ont
été appliquées, a savoir la méthode du coiit total moyen de la production, la
méthode de la somme moyenne “standardisée” du profit brut et de la valeur
de l'animal abattu et la méthode du revenu moyen “standardisé” de l'ex-
ploitation.

L'analyse a montré que la période optimale de replacement pour un animal
productif ne differe pas considérablement entre les méthodes du coiit total
moyen de la production et du revenu moyen de l'exploitation. A l'opposé, la
période optimale de replacement est de loin plus élevée quand on utilise la
méthode de la somme du profit brut et de la valeur de l'animal abattu.

En comparant les résultats obtenus par l'application des trois méthodes aux d-
ifférents types d'animaux productifs, on en conclut que la méthode la plus ap-
propriée et la plus convenable est celle qui repose sur le revenu de l'exploita-
tion, étant donné qu'elle permet de déterminer, exactement et en ligne avec la
pratique courante, la période de lactation ou portée comme période optimale
pour le remplacement.

cial methodology. These
data derive from various
Centers of Genetic Im-
provement of Productive
Animals in Greece, from
the Ministry of Agricul-
tural Development and
from some special inves-
tigations undertaken dur-
ing the period 1991-2003.
The various economic da-
ta were converted from
current to standard prices
through the Consumer
Price Index.

2. Physical and
economic data
needed and me-
thodology used

The physical data need-
ed for this work are: the
milk yield in Kgs and the
number of calves, lambs,
kids and piglets weaned
according to the number
of lactation period or lit-
ter, the body weight of
cows, ewes, goats and
sows replaced and the
corresponding one of
calves, lambs, kids and

sufficiently studied in our country and abroad. As it is
known the normal replacement of various kinds of produc-
tive animals is based on their age and yield without taking
into account certain other physical and economic data
which are considered necessary for determining the opti-
mum time of replacing each kind of animal. This fact was
the reason why I decided to study the above mentioned
problem of livestock production based mainly on my expe-
rience for more than 30 years of continual farm manage-
ment research. In the attempt to study this problem I was
based on certain physical and economic data and on a spe-
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piglets weaned, the work in hours per lactation period or lit-
ter for each kind of productive animal, the kind and quanti-
ty of feed, the building and machinery needed, etc. On the
other hand the economic data needed are: the price of milk
and live weight of the aforementioned kinds of animals, the
market price or the cost of production of the various kinds
of feed, the labor wages, the payment for veterinary servic-
es, repairs, insurance and interest for livestock and fixed
capital.

The methods used for determining the optimum replace-
ment time of various kinds of productive animals are: a) the
average total cost of production, b) the average sum of the
gross profit and the value of the slaughtered animal, and c)
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the average farm income. The purpose of the first method is
to determine the time (lactation period or litter) of mini-
mizing the average total cost of production by using the fol-
lowing equation:

s, (T.C.)
S, (T.P)

S, (AT.C)= = Minimum

where S, (A.T.C.) = accumulated average total costs of pro-
duction until n lactation period or litter per Kg. of milk
(cows, ewes, goats) or per piglet weaned , S, (T.C.) = accu-
mulated total costs of production until n lactation period or
litter per cow, ewe, goat or sow, and Sn (T.P.) = accumulat-
ed total production in kgs of milk or in number of piglets
weaned until n lactation period or litter per cow, ewe, goat
or sow. Using this method the total costs (labor, feed, annu-
al expenses of animals, buildings, machinery, etc) per lac-
tation period or litter for each kind of productive animal is
estimated. These accumulated costs are from the second un-
til the last lactation period or litter. On the other hand, the
yield in kgs of milk produced or the number of piglets
weaned per lactation period or litter is estimated. These ac-
cumulated yields are from the second until the last lactation
period or litter. The determination of the accumulated min-
imum average total costs of production is achieved by di-
viding the accumulated total cost of production by the ac-
cumulated total production per lactation period or litter. It is
necessary to elucidate that in the case of cows the value of
calf weaned is subtracted from the total cost of each lacta-
tion period in order to have the total cost of production for
milk production only, while in the case of ewes and goats
the difference of live weight of lambs and kids between
weaned and born is transformed into milk according to the
existing relation between milk quantity consumed and live
weight produced. This quantity of milk is added to the milk
quantity produced from each ewe and goat and this sum is
divided by the total production costs for estimating the ac-
cumulated average total cost of production according to the
number of lactation period (see Appendix la for cows as an
example).

The purpose of the second method is to determine the time
(lactation period or litter) in which the accumulated average
standardized sum of the gross profit and the value of the s-
laughtered animal is maximized through the following e-
quation:

I,=|Y[D,(GRPR.+V.S)+R,|x(AF), |=maximum

i=1
where GR.PR= gross profit, namely the difference between
gross return and variable cost, V.S. = value of the slaugh-
tered animal, Ro= value of the productive animal, Di= the
discounting factor, Di (GR.PR + V.S.) = the gross profit and
the value of the slaughtered animal discounded, A.F.= the
annuity factor, [ .= the accumulated average standardized
gross profit and value of the slaughtered animal. The gross
profit of each lactation period or litter is added to the value

of the slaughtered animal, and this sum together with the
value of the productive animal are converted into the first
lactation period or litter by using the discounting factor. In
this case we use the minus sign (-) before the value of the
productive animal (because it means payments) and the
plus sign (+) before the gross profit and the value of the s-
laughtered animal (because it means receipts). After that by
substracting the sum of the gross profit and the value of the
slaughtered animal from the value of the productive animal,
we receive the remainder gross profit and the value of the
slaughtered animal accumulatively. Finally, by using the
annuity factor, the forementioned sum is transformed into a
standardized one according to the number of lactation peri-
od or litter. The lactation period or the litter with the maxi-
mum average standardized sum of the gross profit and the
value of the slaughtered animal accumulatively recom-
mends the optimum replacement time (see Appendix 1b for
cows as an example).
The purpose of the third method is to determine the time
(lactation period or litter) in which the accumulated average
standardized farm income is maximized through the fol-
lowing equation:
I, =|>(D,(GR-F.E.=F.1)x(AF),)|=maximum

i=1
where G.R = gross return, F.E.= farm expenses except for
land rent, labor wages and interest of capital, F.I.= farm in-
come, Di (GR-F.E=F.]) the farm income discounted, and
In= the accumulated average standardized farm income.
The farm income of each lactation period or litter is con-
verted into the first lactation period or litter by using the
discounting factor and after that by adding the farm income
from the second until the last lactation period or litter we
take the accumulated farm income. Finally, this farm in-
come is transformed into a standardized one through the an-
nuity factor. The lactation period or litter on which the ac-
cumulated maximum average standardized farm income
corresponds, represents the optimum replacement time (see
Appendix 1c for cows as an example).

3. Application of the above mentioned
methods to various kinds of productive

animals

The above mentioned methods were applied to the phys-
ical and economic data of cows (friesian black and white),
ewes (various breeds), goats (breed of island Skopelos) and
sows (large-white and landrace) (table 1).

For cows the optimum replacement time fluctuates be-
tween the 5" and 6™ lactation period by using the method of
the average total production costs. The 6™ lactation period is
the optimum replacement time by using the method of farm
income. On the contrary, the optimum replacement lactation
period is the 10" when we use the method of the sum of the
gross profit and the value of the slaughtered cows.
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Tablel. Optimum replacement time of various kinds of productive animals

according to the method used

Kinds of productive animals Method of Method of farm Method of sum

production cost income gross profit and
value of
slaughtered animal

I. Cows (Friesian) 5-6 6 10

I1. Ewes (various breeds) 5-7 5-8 9-10

III. Goats (Island Skopelos) 8 8 12

IV. Sows (large-white and 4-5 4-5 10

landrace)

Optimum replacement number of lactation period or litter

method is considered as the most appropriate
method for determining optimum replacement time
for productive animals.

5. Conclusions

For optimum replacement time of productive ani-
mals three methods are usually applied, namely the
production cost method, the farm income method
and the sum of the gross profit and the value of the
slaughtered animal method. These methods were
applied to milk cows, to milk and meat ewes and
goats, and to sows for producing piglets. By com-

For ewes of various breeds, the optimum replacement
time fluctuates between the 5" and 7" lactation period by
using the method of the average total production costs,
while it fluctuates between 5* and 8" lactation period by us-
ing the farm income method. On the contrary, the optimum
replacement lactation period fluctuates between the 9" and
10" by using the sum of the gross profit and the value of the
slaughtered ewes.

For goats the optimum replacement lactation period is the
8" by using the first and the second method, and the 12" by
using the third method.

Finally, for sows the optimum replacement time fluctu-
ates between the 4" and 5" litter by using either the produc-
tion costs method or the farm income method and the 10*
litter by using the sum of the gross profit and the value of
the slaughtered sows method.

4. Comparison of methods used for deter-
mining optimum replacement time of
various kinds of productive animals

Based on the results of table 1 we see that the optimum
replacement time for all kinds of productive animals is
about the same by using either the production cost method
or the farm income method. On the contrary, the optimum
replacement time for all kinds of productive animals is
much greater when using the sum of the gross profit and the
value of the slaughtered animal method.

By comparing the above mentioned three methods we
consider that the production costs method identifies the
minimization of the average total cost of production with
the maximization of profit. However, the profit does not de-
pend on the production costs only, but also on the price of
the product (milk, piglet, etc). This means that this method
does not determine exactly the optimum replacement lacta-
tion period or litter in which the maximum average profit is
achieved. The farm income method determines exactly the
optimum replacement lactation or litter in which the maxi-
mum average farm income is achieved. On the contrary, the
sum of the gross profit and the value of the slaughtered an-
imal method determines the lactation period or litter as an
optimum replacement time which is outside of the usual
time of replacement. For this reason, the farm income

paring the results from the application of the three
methods to four kinds of productive animals (cows,
ewes, goats, sows) we consider that the most appropriate
and suitable method for determining the optimum replace-
ment time is the farm income. This is true taking into ac-
count that this method determines on the one hand the lac-
tation period or litter on which the maximum average stan-
dardized income corresponds and on the other the lactation
period or litter which the farmers follow approximately in
actual practice.
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