Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



S504s ECONOMIC Ailh NUTRITIONAL ASPECTS
OF DIFFERENT GROWLR ARD LAYER RATIONS

I7 UGG PRCDUCTION

4 Thesis presented in purtial fulfilment
of the requirements for tine degree
LOTER OF AGRICULTUR' L “CLs €L
in Aninal Science
at

dascey University

STEPHEN EDGAR JAMES SWAN

1970



ACKNOWLEDGL MENTS

I am grateful for the supervision of both ir. 4. R. Patchell
and Professor 4. . Frampton in this thesis.

I am also indebted to Professor . J. Townsley for his advice
and constructive comnent,

Thanks are oiro due to the Poultr, Reseurch Jeatre Gtaff for
help with date colliection; Irs. L. Self for the competent typing; and my

wife for her encouragement.



PREFACE

Chapter One of this thesis presents background information on the
rearing of laying pullets and describes an experiment evaluating a series
of rearing rations (with continuous variation of the levels of three

major ingredients) in terms of overall profitability.

Chapter Two looks particularly at the layer phase, and considers
possibilities of reducing feed costs in this phase. An experiment
evaluates a series of layer rations (with continuous variation of the

levels of three major ingredients) in terms of overall profitability.

The final chapter presents an anpraisal of the methods available
for economic analysis of livestock rations, and discusses the problems
associnted with their application in layer nutrition. & profit function

is suggested as a means of economic evaluation.
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INTRODUCTION.

In llew Zealand, the modern commercial egg producer faces a cost structure
in which feed costs are 50 to 65% of his variable costs. Therefore any
econonically oriented rescarch in the field of poultry husbzndry should be
aimed at reducing this feed cost to the producer, while maintaining egg
revenue.

There are three main approaches to the solution of this problem:

(1) Reduction of the cost of the ration by the inclusion of cheaper

ingredients without significantly altering the total amount of
feed consuned,

(2) Reduction of the feed cost by nltering a parameter (suvch as time)

which reduces the total amount of feed consumed.

(3) Ieduction in fced cost by genetic selection for birds with a

better feed conversion efficiency.

This thesis exanines the first two of these proposals applied to feed cost
reduction in the rearing and the laying phase of the egg—-producing hen.

A detziled knowledpe of poultry nutrition is required before the problem
of feed cost reduction can be investigated. More is known about poultry
nutrition than other livestock nutrition, and there are several reasons for
this:

(1) The small unit cost per bird for experiments.

(2) The degree of technological control of the birds environment.

(3) Poultry are simple-stomached animals.

(4) The production period for poultry is relatively short.

(5) Poultry is important in the economy of Britain and the US.A.

It is important to know how much of each of the basic nutrients is required
by the bird, and then at what levels and availabilities these nutrients are
present in dietary feedstuffs. These nutrients have physiological effects on
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intake regulation, and there exist numerous interaction effects between
different nutrients, and also between similar nutrients from different feed
scurces, Thus there is the question of whether to consider the problem in
terms of basic nutrients, or feedstuff ingredients.

Muatritionists generally aim to achieve a diet supporting optinel physio-
logical growth and develonment, or even maximun growth rate, This aim is
often not compatable with an econoaic or profit-oriented position. The
confusion between economic and physiological optima is commoa in many fields
of research,

In the search for a solution to the problem of feed cost reduction, one
requires a method of roduction analysis within which the nutritional knowledge
nay be used to the best advantage, which also attaches importance to economic
considerations. The economnic analysis of livestock rations has received
closer study in recent years,

Livestock nroducts can be divided into two categories on the basis of the
biological processes involved:

(1) Those products resulting from anim:l growth, e.g. meat.

(2) Those products whiich are manufactured or secreted by the animal,

e.ge milk and epgs.

This thesis is concerned with the second category - egg production.

The response curve or mroduction function is considered to be a useful
method for economically oriented research as it is very suitable for marginal
price analysis using calculus methods to find constrained optima. Response
studies can be approached by considering the variable inputs as chemical
nutrients, or actual raw ingredients. Both approaches have been used in the
past to derive production functions.

A production function is an expression of a production situation as a
mathematical model, and can remresent the output or yield response to continuous-
ly changing levels of input(s). (Heady and Dillon 1961). It is purely a physical
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concept and can be considered completely separate from any economic or mrice
analysis, However, the main use and development of the production functian
has been in the field of economics,

The continuous response curve, as the production function curve is often
named, differs from the classical or discrete apnroach in the analysis of
experimental results. The usuzl object of the discrete approach to experi-
mentation is the establishment of stotistical sipgnificance (or otherwise)
between the yield or output level of several discrete treatments or input
levels. Response, or production function analysis, often involves the use
of a greater nunber of levels of inputs and outputs and thus may have a higher
experimental cost. ilowever, the cost rer unit of useful manzagement information
obtained is generally much less for the response curve desipgn.

The"ideal" nutritional mroduction function relates chemicals available in
rations to those required in the manufacture of the egp roduct. This involves
a knowledge of cell mechanisms, dizestive proce~ses, nutrient absorption and
transport, together with the various enzynes and hormones controlling these
reactions. This detailed nutritional knowledge i1s not lknown and may not be
required as long as an accurate and repeatablc production function can be
estimated usinpg the more easily measured inputs of' either nutrients or feedstuffs.
With either anproach to livestock ration analysis, there is equal difficulty in
interpretation of results because of the larpe biological variation inherent in
livestock and plant products.

This thesis is an example of the necessity for the combination of knowledge
from two widely different disciplines : poultry nutrition and economics. Inter-
disciplinary cooperation in research is very important in such prcjects and this
has become clear particularly in the analysis of the experiments dealt with in
this thesis. Some appreclation of the economic problems involved must be gained
by the nutritionist (and yice versa for the economist) for successful co—operation

in this type of research.
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CHAPTER ONE
GROWTH AND DEVELOPMENT OF IAYING PULLETS

The rearing of the chicken differs in many important aspects from the
typical picture with larger domestic animals:

They are incubated artifically and reared in large numbers in intensive
conditions over the first four weeks after hatching.

Subsequently they may be reared extensively on range, but the modern
system is to continue the intensive system over the whole of the rearing
period.

During the initial 4 weeks brooding phase, the chick is partly poikelo-
thermic and does not reach a fully homeothermic condition until 14 days
after hatching, They therefore, must be provided with a source of heat,
and this continued to 4 weeks or longer if external environmental tempera-
tures are low. Research over the years (Barrott and Pringle 1945, Sains-
bury and Osbaldiston 1963, Charles 1970) has defined the optimum
conditions of temperature, light (Morris 1966, 196%,Morris and Fox 1958,
1960) and ventilation, both over the brooding period and the subsequent
growing phase. The trend towards intensive systems has resulted in a
high degree of control of the general enviromment for optimum performance.
The growing phase extends from 4 weeks to an arbitrary point varying from
20 to 25 weeks depending on treed and strain, Usually this point is 7 to
10 days before the first egg from the flock is expected to be laid, it
being considered desirable to shift the growing birds to the laying
quarters before the event of lay. Growth of the body size continues for
a period after the omset of lay until mature body sise is reached at 32 to
48 weeks of age depending on breed and strein,
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(5)
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(7)

(8)

(9)

In normal commercial practice, the growing phase terminates with the
shifting of the stock to laying quarters at 19 to 25 weeks of age. This
is usually achieved by delaying sexual maturity until about this time by
controlling the light pattern or photoperiod, which partly determines the
rate of sexual maturity.

Although a given strain may, with a particular light patterm, te induced
to commence laying at 16 weeks of age, the long period between this time
and attainment of mature body size, results in an extended period with egg
size being depressed ~ a natural result of attempting to use the available
nutrients for two purposes: growth to mature size, and egg production.
Small sized eggs yield a low monetary return, Also, the pullet laying at
16 weeks of age is not in an optimum condition for laying and there is a
high mortality from prolapse of the uterus and associated egg peritonitis
infections,

Delaying sexual maturity is also alded by nutritional means. Limited
feeding time, and low nutrient concentrations reduce the cost of the rear-
ing ration, and also delay the onset of lay umtil a more mature body size
is reached. Both 1light and nutritional methods will be discussed in
greater detail under sections 1.2 and 1.4 respectively.

Being simple stomached animals, usually reared intensively, a completely
formulated diet has to be provided, with the correct nutrient levels
commensurate with economic development in relation to subsequent product=-
ion,

The housing and management systems used in the brooding and growing phases
differ widely: free range on grass, deep litter wood shavings, and cages of
various shapes and sises.

With high stock concentration, disease control is particularly important to
maintain low levels of mortality.
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(10) The numbers involved in any ome batch or farm run into thousands at a time

so that physical spece and weight of feedstuffs consumed, manure to be
removed and bird weight to be shifted at housing time, is considerable,
There is no such thing as "driving mobs of poultry" - they must be handled
singly at every stage.

(11) The aim in the rearing phase is to produce a bird capable of laying a
large number of eggs of an economically large sise. Income from egg pro-
duction is determined mostly by egg number, but egg weight can also become
important depending on the body size of the btreed or strain concerned.

( Nordskog 1959)

1.2 Del Sexua

Of the many important management factors contributing to successful rearing,
the aspect of most relevance to this thesis concerns the control of sexual
maturity.

As has already been mentioned, the object in delaying sexual maturity is to
allow body size (as indicated by skeletal frame and condition, rather than body
weight alone) to reach a stage on the growth "curve" such that there is an
optimum economic delay between the commencement of lay and the point where egg
size attains a weight sufficient for an increasingly significant proportion of
eggs laid to qualify for the higher priced grades.

The factors determining the economically optimum age at sexual maturity are:

(1) The strain or htreed grovth characteristics.

(2) The price differential of the different egg grades.

(3) The price of the rearing ration.

(4) The price of the layer ration,

(5) The labour, and bullding depreciation costs associated with
the different objects of a lsyer versus a growving house. (A
laying house involves the use of more expensive equipment. )

(6) The time factor associated with a yearly cycle of farm operationms,



The physiological mechanism which detarmines the rate of sexual maturity is
activated by light of a certain wavelength, intensity, and photoperiod, falling on
the eye of the bird. This stimulus works through the optic nerve, and if the
nutritional status of the body is of a certain minimum standard, then the pituitary
gland begins to secrete the sex hormones.

In conditions of complete darkness, pullets will still reach maturity and lay
eggs (though usually at & reduced rate) so the photoperiod-light stimulus only
modifies an already existing "physiological" clock.

Under natural jungle conditions the wild fowl from which the domestic fowl
evolved, only lays one or two clutches of ten to twelve eggs each, per year. This
occurs in spring or early September in the Southern Hemisphere. Thus the growing
chickens which hatch from these eggs are exposed to an increasing daylength or
photoperiod until mid-December. From this day onwards, the birds are exposed to
a diminishing photoperiod and this has a delaying effect on their rate of sexuml
maturity which occurs between late summer apnd early winter. It is not until
August that the mating urge comes upon the flock, and by this time the pullets
are about 11 months old. For the purposes of commercial egg production, one can=-
not afford this delay before egg production commences. While genetic selection
has increased the number of eggs that each hen can lay in a year, manipulation of
the 1ight pattern can hasten or delay the actual onset of lay.

. Morris et al (1958, 1960) describe methods for delaying sexual maturity by
exposing growing birds to a decreasing photoperiod. The same effect can be
achieved by a constant but low level photoperiod such as 10 hours of light per day
(Morris 1966, 1967a)(used at the Poultry Research Centre (P.R.C.)). If growing
birds are exposed to an increasing photoperiod during the rearing phase then
maturity will be hastened, and the bird will begin to lay before body size is
sufficient to enable an economic-physiological balance between egg production rate
and egg size. Egg size will rewmain uneconomically small for a long period.



Even this size produces such a strain on the bird, that prolapee of the uterus
can occur.

It may be useful to furthar discuss the concept of body size. Body weight
is a function of the skeletal framework and the amount of muscle and fat laid on
this frame-work. Obviously then, body weight on its own is not a good indieation
of body size or body preparedness to commence lay. Some measure of the skeletal
frame=work such as shank length (which is highly correlated to total skeletal size
and thus body size) may be more useful. This concept is discussed in more detail
in section 1.5.

Nordskog and Briggs (1967) found that on a genetic scale a lower body weight
than the mean produced an early sexual maturity and increased egg numbers, e.g.
the White Leghorn is inherently lighter than the New Hampshire bread.

On an environmental scale, a lower body weight than the mean was found to be
associated with delayed sexual maturity and reduced egg production, e.g. a small,
runty White Leghorn takes longer to mature and lays fewer eggs than its heavier,
possibly more healthy, sibling,

Birds heavier than the mean on an environmental scale are also poor producers,
probably because of excess fat deposition.

The optimum body size for egg production comuvencement is thus the result of a
compronise between physiological and economic factors.

Though 1ight i1s the easiest and cheapest method of delaying sexual maturity,
there are other methods which act through the same hormone network, such as bhigh
iodine levels in the diet (Wilson, Arrington, Harms 1968), and restriction of
essential dietary nutrients which affect the state of body preparedness for the
gonadotrophic hormones to act upon. (See section 1.})

Diets low in essential nutrients are generally cheaper. So the primary
concern with such rations is not that they delay sexual maturity, but that they
reduce the cost of rearing.



Another Approach:
Delaying sexual maturity may be attacking the problem of optimum body size

from the wrong angle. Research in genetics and nutrition may eventually enable
us to produce a mature bird of optimum body size at 16 weeks of age. This may
require a good quality ration, but the extra expense of this would be offset by
the shorter growing period.

The genetic change required is for a faster growing bird - like the broiler
or meat chicken which already exists today. The problem to be overcome is a
negative genetic correlation between rapid growth rate and egg production.

Broiler stock has a rapid growth rate and an associated poor egg production.

To overcome this problem would require major changes in the genetic make=up
of the bird. Until then, we continue to use light and nutritional means to delay
sexual maturity. Before a discussion on the extent to which different nutrient
restrictions will delay maturity, it is pertinent to look at the nutritive require=-

ments of growing pullets,

13 The Nutritive Reguirements of Growing Pullets.
As a result of the intensive technological advances in the knowledge of

poultry nutrition, muech is known about the nutrient requirements of poultry, and
the nutrient contents of a large number of feedstuffs, This knowledge is in the
form of protein levels (Kjeldhal nitrogen x 6.25); energy levels (measured in terms
of Metabolisable Energy); amino acids (obtained by automated amino acid analyser
machines ); amino acid availability (obtained less accurately by a combination of
chemical and biological assay techniques); mineral, and vitamia levels.
Hence the 1ist of essential nutrients and/or desirable nutrients, and levels
of nutrients is quite a large one in the field of modern poultry nutrition.
There are several sources of varlability to be considered when formulating a
diet to provide adequate growth and development.
(1) There is insufficient kmowledge of nutrient levels required for various
breeds, strains and ages of poultry, together with interactions between



these and factors such as housing and equipment type, temperature and
other environmental factors.

(2) There is wide variability of nutrient levels in ingredients as deter-
mined by soil types, fertilizer applications and climatic factors.

(3) The processing of ingredients of plant or animal source varies widely,
for example : the heat treatment effects on amino acid availability
in meatmeals.

(4) Nutrients from different ingredient sources (e.g. protein from barley
or meatmeal) will interact in different ways when mixed in a ration
(e.ge high lsvels of iron in the dist will prevent utilization of
phosphorus. )

Hence, there is insufficient knowledge to enable precise and accurate levels
of nutrients to be stated. The combined informetion on requirements and ingred-
ient contents should only be used as a guide in nutrition.

An example where such information is often used is in linear programming for
least cost feed mixes. On testing these rations in practice, they are not always
the most profitable = a situation caused by the inaccurate information used.
Hence one must use the information only as a guide, and within this broad frame-
work = by actual experimentation - narrow the 1limits within which economic
growth and production can be achieved.

Requirements are most critical in the early growving stages. For the firet
four to eight weeks a "starter" ration is usually fed. This provides a high
concentration of nutrients and is relatively expensive although with the small
chickens, the volume consumed is not great (say 600 gms per bird over 4 weeks).

Nutrient requirements, especially protein, decrease with age. As a bird
grows, a greater percentage of the diet consumed must be used for maintenance,
and less for growvth, Since the quantity of protein needed for maintenance is
relatively lov compared with that needed for gruwth, the protein requirement,
expressed as a percentage of the diet, usually falls,



Table 9.13. EXAMPLES OF STARTER, GROWER AND DEVELOPER DIETS
FOR REPLACENENT PULLETS
Starter Pullet grower Pullet developer
(06 wks) (6-72 wks) (72-20 wks)
Ingredients
a b a b a b
pounds per 1000 pounds
Corn meal, No. 2, yellow,
ground.................... 560 470 630 662 677 675
Wheat middlings.............. = = - 100 - 100
Barley, pulverized............. = 150 100 = 150 75
Oats, pulverized. ............. 100 = = <= = =
Stabilized grease.............. = 10 = = = -
Soybean meal, low fiber, 50¢;
protein. .. ... .gg- 5K - - - &k - 240 225 190 125 100 60
Fish meal, 659; protein........ 50 - 25 10 20 -
Fish solubles, dried basis. . ... .. - 5 - - - -
Meat and bone scraps, 509
proteing. . ... ... FF - = 60 = 55 = 50
Corn distillers dried solubles. . . . - 25 = 10 - -
Whey, dried product.......... ~ 15 = - - -
Alfalfa meal, 179 protein. .. ... 25 25 25 25 25 25
Dicalcium phosphate. . ........ 10 - 15 = 15 -
Limestone. .. ................ 10 75 7.5 5 5 7.5
Salt, iodized.................. 2\5 2.5 25 2.5 2.5 2.5
pr-Methionine............ ... 0.5 0.75 0.4 0.5 0.2 0.5
Vitamin premix. .. ........... 5 5 5 5 5 5
Calculated composition:
Protein, 9. ................ 21.7 21.8 18.2 17.8 14.4 14.3
Metabolizable energy, Kcal/lb 1350 1340 1370 1350 1390 1380
ME/P....... ... .. ... 62 61.5 /3 76 96.5 96.5
Calcium, %................ 1.0 1.0 0.9 0.9 0.8 0.82
Phosphorus, total, 9. . ... ... 0.69 0.7 0.67 0.7 0.64 0.62
available, %,............. 0.48 0.48 0.45 0.45 0.42 0.40
LeySine Nzt et . . < - 5.6 5.4 52 49 45 42 |
Methionine, 9 of protein. . .. 197 1.97 2.0 1.95 2.0 2.0
Cystine, %, of protein........ 1.6 1.6 1.6 1.6 1.7 1.7

Table 1,.3.1,
From "Nutrition of the Chicken."
R.J. Young (1969)
p.455.

1.L. Soott,

1.C. Nesheim,

ML, Scott and Associates, Publishers, N.Y.
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After 4 to 8 weeks, the starter ration is usually replaced with a grower
ration, containing less concentrated nutrients. It is cheaper but more is eaten
as the stock grow larger.

The grower ration may be fed until maturity though a "pullet developer”
ration may be fed from 12 weeks of age. This is even lower in protein level.

Table 1,3.1 gives examples of the 3 types of rations mentioned = as formu-—
lated for conditions in the state of New York (U.S.A.)

Observation of this table in conjunction with figure 1.3.2 will illustrate
how the ration composition alters with rate of growth (a8 represented by the
slope of the graphed line.)

Within certain 1limits, birds will eat to satisfy their energy requirements.
Accordingly, there is a need to adjust nutrient concentrations depending on the
energy level of the ration. (Morris 1967, Dewan and Gleaves 1969)

utrients are provided by 3 major dietary fractions :

(1) Cereal portion : barley, wheat, maize and pollard are comnonly
used in N.Z.

(2) Protein Concentrate : meatmeals and fishmeals are used in N.Z.
Soyabean is a vegetable protein more common in Britain and the
United States.

(3) vVitamin - mineral supplement : a mixture of concentrated nutrients

provided by some manufacturers. Starter, grower and layer supple=-

ments are comsmon in N.Z.

1.4 '.:

In section 1.2 it wvas noted that nutrient restriction had the effect of
delaying sexual maturity. While manipulation of the photoperiod is the easiest
and safest way to delay maturity, some assistance from nutrient restriction may
be of valus. Hovever, as previously mentioned, the prime aim of the rearing diet
is to produce an adequate laying bird at as low a cost as possible. Feed con-
stitutes a major cost item in rearing, and lower planes of nutrition utilise
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cheaper ration ingredients. Thus the msjor aim in nutrient restriction in the

growving period is to reduce costs. It is only incidental that these cheaper

rations have effects such as delaying sexual maturity. It should be noted, how=

ever, that the delaying effects are usually additional to photoperiod effects,

which may result in an excessive delay in maturity.

There are 4 main methods of restricting nutrient intake

(1)

(2)

(3)

(4)

Limited feeding time - where food is only available for certain
periods during the dey.

Restricted quantity of a balanced food per unit of time (e.g. per
day) on the basis of an ad lib. quantity.

Nutrient dilution = by using ingredients with inherently low
nutrient levels, or dilution with high fibre ingredients such

as oat, rice or wheat brans,

A diet containing imbalanced levels of nutrients such as amino

acids.

Comparisons between resuits of different workers in this field are made

difficult for several ressons 3

(1)

(2)

(3)

No evaluations are made on an economic basis. The best evaluation of
any growing programme is to look at results in the laying period and
compare profitability.

A more difficult problem to solve is that of environmental wvariation
due to the degree of management efficiency and housing type. Some
restrictive nutrient levels might be stiressful in some poorly managed
environments - consequently that perticular treatment would be
penalised by a high mortality, or low performance.

Most restriction programmes follow after a period varying from 4 to 12
weeks, during which time the chicken was fed on a highly nutritive
starter ration. However, some recent work is being done looking at
frogrammes which restrict the diet from day-old.
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(4) Any physical evaluation that 1s carried out on the basis of laying
results 1s faced witk the problem of when to finish the comparisons.

Bullock, Morris and Fox (1963) put forward an interesting hypothesis to explain
the later peak and more parsistent egg production of restricted birds, which also
shows that depending whether comparisons between restricted and full-fed birds are
made : after the egg production curves have crossed, or to a fixed finishing age,
or to equal periods after respective maturity = then it is possible to conclude
respectively, that ; rate of lay is better, or worse, or no different = following
restricted feeding.

The hypothetical model assumes that the only response to restricted feeding
is a delay in maturity, so that the production curve is displaced to the right.

Attempts to restrict nutrient intake by limiting feeding time generally fail
because the birds learn to eat more quickly in the time allowed. (Lepkovsky, Chari-
Bitron, Lemmon, Ostwald and Dimick 1960. )

Food allowance is usually restricted by feeding a pre-determined fraction of
the ad 1lib. intake of a control contemporary flock. A 70% level is common.
(Gowe, Johnson, Crawford, Downs, Hill, “ountain, Pelletier, Strain 1960.) Confus—
ion has arisen over this particular method because of significant interactions
between restriction and photoperiod (Proudfoot and Gowe 1966.) This restriction
technique is suitable for experimental purposes but not in practical situations,
because of a high labour input.

Econonic advantages of this type of restricted feeding are more obvious in
the second and third years of lay. (Hollands and Gowe 1961.) Thus it would seem
that the beneficial effects of restricted feeding on reproductive potential are
not obvious or evan economically utilizeble unless pullets are taken beyond their
first year of lay. As it is seldom economically feasible to do this, the advant-
age of such restricted quantity programmes is dubious.

The first two types of nutrient restriction as are discussed above, seem to
have little practical application, though Lee(1969) would dispute this statement.
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Qualitative Restriotion.

Fibre dilution methods ecan rasult in substantial feed cost reduction in
certain price situations, and also delays sexual maturity. In some situations
high fihre diets may be uneconoamic as they lead to inereased food intake because
of the low energy content. (Quisenberry 1959.)

Host experiments dealing with resiricted feeding have been concermed with
restriction of all companents of the diet in equal proportions : energy, protein,
minerals and vitamins., This is true of fibre dilution techniques as well as
quantity and time restrictions.

It i1s difficult to distinguish between the effects of nutrient restriction
achieved by dilution with high fibre brans, or the use of inherently low nutirient
ingredients. Cost savings can be similar in either cases.

The distinction between inherently low protein ingredients, and amino acid
imbalance effects on delaying sexual maturity is also difficult to evaluate.

However, the major difficulty in comparisons of published data is the varia-
tion in energy level, protein lewvel, and the periods over which each is fed.
Energy effects on consumption are probably also a confounding factor, as low
protein and low snergy are generally associated in a diet - and where the bird
"overconsumes" to fulfil energy requirements, it also increases the protein
intake.

Low=nutrient restrictive diets have an important feature which enables them
to be classified into two groups (for review purposes).

The major group of workers employed a programme of feeding a good quality
starter ration to 6 or 8 weeks of age, followed by restrictive diet until 20 to 22
weeks of age. Such a feeding programne places a "stress” of rapld growth on birds
during the starting period, and a further stress of nutrient restriction in the
groving period. A more logical approach would attempt to remove these stresses by
alloving the pullets to grow at a slower, more uniform rate from day=old until
point of lay, This desired type of programme, can be compared graphically with
the one most farmers are now using., (Fig.1.4.1)
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Fig'"'e 3 Growth Curves for Pullets
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Age in weeks

Fig. 1.4e1.
From "Poultry Feed Formules" J.JD. Sunrers, w.F. Pepper,

E.T. Joran (1970) Ontario Dept. agric. and Food. p.31.
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There i8 a considerable voluwe of published material which describes the two=-
level system ("present"), but there are very few utilising the altermative
"decired" hypothesis,

Most experizents used a single high level starter ration up to 6 weeks
(Blair, Bolton, Morley Jones 1969), 8 weelss (Berg and Bearse 1958), 9 weeks
(Bullock, Morris and Fox 1963),12 weeks (Smith 1966) or some intermedimto age.

These groups of birds were then "split" over several restrictive "planes® of
restriction in protein and emergy; the protein levels ranging from 21% (the same
as some starter levels) to 10.5% (Bullock et al 1963),

Energv levels usually varied at the same time, and in most cases, where corn
starch was used as a diluent, (Bullock et al 1963; Smith 1966) the lower protein
rations were higher in emergy. This may have affected the consumpticn rate as
appetite is suppnsed to be controlled mainly by energy requirements. However,
in one case (Smith 1966) the lowest protein and highest energy ration (11% and
2850 kes ME/kg or 1294 kes /E/1b) also had the highest consumption rate. Bullock
et al (1963) made a special effort to make the rations all isocaloric at 2590 kes
T"ﬂ'!‘/kg (1175 kes £/1b) so as to separate energy and protein restrictive effects.
Blair et al (196)) also came close to the isocaloric ideal with rations varying
only between 2592 kes B/kg (1340 kes ME/1b) and 3062 kes E/kg (1390 kes MR/1b)
for a protein range of 11.5 to 16.3% respectively.

All of these workers quoted above carried tbe rastrictive regime on until
point of lay, or housing in laying quarters, or 20 weeks of age - excapt for Hlair
et al (1969) who raised the protein levels at the end of the 16th. week.

Where energy levels were reasonably constant: as protein levels fell, so did
rate of consumption (Bullock et al 1963, Blair et all969). Sexual maturity vas
usually delayed (Bullock e} al 1963, Smith 1966) but in less restrictive rations
(11.5¢ protein to 16 weeks: Blair et al 1969; 15% protein to 20 weeks : Berg ot al
1958) there uere no significant delays. The same situation occurred with weight
gains during the experimental periods protein levels below 12% depressed growth.
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Subsequent food conversion efficiency («s measured by food consumption per dozen
eggs) in the laying period, seemad not to be affected by the rearing treatment
(Berg et al 1953, Blair et 8l 1969). However, where reported, egg weight wzs
smaller at the baginuing of the lsy {Blair et al 1969, Bullock et 2l 1963, DBarg
ot al 1963) but "soon" recovered. The critical factor economically is whether
this initial depression was sufficient to affect profit comparisons betwuen
treatments, This comparison was never made.

The numhber of eggs laid in varying mroduction periods was usually not signi-
ficantly different from the high plane grower controls. The production periods
varied up to the ages of 64 and 71 weeks. This mokes comparisons between the
results of different workers of doubtful value - especially so in the light of the
hypothesis discussed shove (Bullock et al 1963). Here again, the most interesting
compariscn would have been o jroflt index which could encoupass the lower price for
a greater nuiber of smaeller eggs -~ (but possibly an idential total mass) when com=
pared with a fewer nunber of high price large eggs.

Hortality levels over the growing and laying periods uere never significantly
different betwean treatments, though Bullock et ail (1963) did hypothesise that
restricted birds might have a better survival valus. Summers et al (1970) give a
possible explanation of the mortality situation in their consideration of the stress
placed on birds with these type of restrictive growing progranme. Evidence is
accumulating (Summers et al 1970) that where the restriction programme is a uniform

"one from day-old, tho stress 1s considerably reduced. Summers et al (1970)
report an experiment using 20% and 14% protein siarter rations where the more re-
strictive ration "motably reduced" losses dues to iMareks Disease.

Proudfoot and Afitken (1969) looked at 5 White leghorn strains fed 10f and 163
protein rearing diets froun 8 weake of age (previously on a high quality starter
ration). Mortality due to Maraks Disease was significantly lower in some geno-
types, and also lower in the low protein treatments. This result is contrary to
those of Berg et al (1958), Bullock et al (1963), Blair et a1 (1969), in that
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mortality levels varied at all; and also contravenes the hypothesis expounded Sy
Summers ot 8l (1970) above.

Experiments with energy restriction (looked at independently of protein re~
striction) generally follow the pattern of a high starter ration level, then a
constant lover energy level until maturity (Bullock et al 1963, Bolton, Blair and
Knight 1969), though Wolf, Gleaves, Tonkinson, Thayer and Morrison (1968) allowed
a gradual lowering of energy levels until 20 weeks. This latter experiment is
interesting in that very low energy levels were used throughout. Until 8 weeks
of age all birds were on a 2203 kes ME/kg (1000 kes ME/1b) ration which was
lowered at varying rates to 1460, 1820 and 2190 kes ME/kg (662, 827 and 993 kcs
ME/1b) by 21 weeks of age. These variable levels were able to be considered
independent from ration density and protein level consideration, by the use of
polyethylene fluff, and sand diluents in the diets.

The low energy rations delayed sexual maturity and raised food consumption
levels. The lowest energy level was the most depressive on subsequent egg pro-
duction - though the comperison was only made until 64 weeks of age. Egg weight
was not significantly affected.

These results follow those of Bullock et al (1963) and Bolton et al (1969)
though the latter workers used relatively higher energy levels: Bullock et al
(1963) comparing 2590 and 1940 kes ME/kg (1175 and 822 kes ME/1b); and Bolton et
al (1969) comparing 2996 and 2290 kes ME/kg (1360 and 1040 kes ME/1b) which
followed a 6 to 8 week starter period.

Bolton et a] (1969) had a uniform calorie-protein ratio of 79 for the grower
rations, so the high energy ration vas also a high protein ration. Even though
the stock used were light hybrids {*Thornber 606" ) the body weights were excess-
ively high on the high energy ration, and egg production wvas lower in the following
laying period. Like Blair gt al (1969), Bolton et a] (1969) only ran the experi-
ment from 6 to 16 weeks.

* Wolf et al (1968) changed the ration protein levels ©VeTy & weeks from hatch
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to 20 veeks. Two planes of nutrition were used, and the two sequencee vere as
follows: 21, 20, 15.2, 13,9, 13.3% proteins for the high plane; 17, 16, 11.8,
10.6, 9.9% for the low plane. Both levels were placed on a 14.7% protein and
3675 kes ME/kg (1215 kes B/1b) layer ration at 20 weeks of age.

Bolton et al (1969) changed levels at 6, 16, and 49 weeks of age, again
choosing a high and low plane which were both less restrictive than those of Wolf
ot al (1968). The two sequences were as follows: 21, 16.9, 18.1% protein for the
high plane; and 18.5, 15.0, 16.2% protein for the low plane. These levels were
not very restrictive and no effegts on sexual maturity, body weight gain, eventual
egg welght or food conversion efficiency were found, Even with the more restrict-
ive regime of Wolf et al (1968), a delay in sexual maturity was the only difference
between the planes of restriction.

The idea of a uniformly restrictive diet from day-old until point of lay was
first explored by Lillie and Denton (1966). This exploratory step involved com-—
parisons between 71, 16 and 12 ¥ protein diets throughout the growing period, with
combinations changing at 8 weeks in addition (for example one group changed from
16% to 12% after 8 weeks).

The associated energy levels were 2920, 2490 and 2510 kes ME/kg (1326, 1130
and 1140 kes 1R/1b) respectively.

Peterson, Sauter and Lampman (1966) compared isocaloric diets with 20, 18, 16
and 14% protein levels from day-old, as did Santana and Quisenberry (1967); Summers
Pepper and Moran (1969), over a similar range of proteins, and a slightly larger
range of energy values., Diet ingredients used, play an impartant part in these
comparisons, and in this way imbalances in amino acids can occur even though crude
protein levels might be high.

Santana et 81 (1967) supplemented their 14 and 12f diete with lysine, methion-
ine and tryptophan while still claiming a cost saving over the 18 and 16% protein
diets; howvever egg production and egg weight on the aubaoq‘uant layer diet were very
reduced as a result of the 12% protein grower diet, so presumahly other amino acids
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became limiting in the grower ration.

Weight gains during the growing period were significantly lower as reported
by Lillie et al (1966) on a 12% protein diet, but compensatory growth occurred in
early lay. Peterson et a2l (1966) found that a 14% protein diet depressed growth
to a level twice as low as that expected on the basis of amino acid level consid-
erations. A change to 12%f protein after 7 weeks of age necessitated methionine
and lysine supplementation whereupon cost savings became questionable.

Sumners et al (1969) reduced protein levels from 4% to 13% at 8 weeks until
25 weeks of age (a corn-soyabean based diet) with no apparent 1ill effects, though
in Australia, Payne (1969) found that when barley replaced a wheat-sorghum comn-
bination in the cereal fraction of the diet, egg production was depressed, and
this wvas worse in some particular strains, This effect (Payne 1969) was part-
ially alleviated by methionine supplementation and the provision of a good
quality layer diet from point of lay.

Sexual maturity was significantly delayed (by an unstated amount) at protein
levels below 14% (Peterson et al 1966, and Santana et al 1967), but neither
Sumners et al (1969) nor Lillie et al (1966) reported any significant delaying
effect.

Food consumption was higher on the lower protein rations, but these were also
the low enerpy diets (Lillie et al 1966). However, Summers et al (1969) reported
no differences in consumption rates = however, these birde were all placed on a
13% protein ration from 8 weeks. (It will be reealled that whare isocaloric
diets were used (Blair et al (1969) and Bullock et al (1963) ), the low protein
diets vere consumed at the lowest rates.)

Food conversion efficiency into weight gain was only recorded by Lillie ot al
(1966) who reported no significant differences up to 20 veeks of age.

Bgg production was not depressed in the laying period at 14% or even 12%
protein grower levels (Sumers et al (1969) and Lillie et al (1966) respectively,
in some experiments, but in others, these same levels (Peterson et 8] (1966) and
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Sentana gt al (1967) respectively, caused a lowering in egg number and a reduced
egg weight.

Egg weight however was not depressed at 12% protein levels with some workers

(Lillie ot o1 (1966) ) though 14% protein in the first 8 weeke in others (Summers

.

et al 1969) caused a 0.6% reduction in egg size (though only significant at the
5% level of probability. )

Most of the above workers recommend a programme for rearing using a slightly
higher starter level (between 14 and 16% protein,) dropping about 2% at 7 to 8
weeks until point of lay is reached.

Mutrient imbalance effects on growth and development probably act indirectly
in these low protein regimes, and some workers even advise amino acid supplement~
ation to avoid imbalance depression additional to the already low protein regime
(Peterson et al 1966, Santana et al 1967, and Payne 1969).

Some workers have deliberately included poorly balunced (amino acid-wise)
ingredients to investigate imbalance effects independent of low protein levels,

Summers et al (1969) replaced soyabean meal with hydrolysed feather meal
(fed from day-old), which is limiting in methionine and lysine, but making up a
20% crude protein ration. Egg production in the laying period was lower than
the 14% corn-soyabean-protein starter ration. Feed conversion per dozen eggs
and egg size were lower and food consumption also low on the feather meal diet,
Compensatory growth in the laying period was twice as high as those birds grown
on the 14% ration,

By feeding a diet deficient in lysine (59% of requirement) from 4 to 12
weeks of age, Singsen, Nagel, Patrick and Matterson (1964, ° ') managed to delay
sexual maturity and reduce the bodyweight of meat type laying pullets without
other 111 effects becoming apparent.

An approach not commonly seen is the use of Calorie (per pound) - Protein
ratios to compare profitability of various rearing programmes. Wegner (1962)
reared pullets most successfully (a margin of 4% higher egg number) on a ration
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ratio of 70 (for example 1050 kecs ME/1b or 2313 kes ME/kg and 15% protein) from
8 weeks to 20 wveeks of age, when compared with ratios either side of this,

The calorie/protein ratio concept 1s assessed and found 1imiting by Creek
(1969 ) who suggests that a protein/mega-calorie ratio (% protein per ten kes or
per mega-calorie) gives a linear, more easily interpreted, curve of ratio against
% of the protein ingredient.

The most economically suitable type of nutrient restriction to gid lighting
programnes in delaying sexual maturity and reduce growth rate appears to be a low
protein-low energy ration fed from day-old.

Less feed is involved at this time but management at this stage is often
superior than later on in the growving period when most nutrient restriction
programmes seen to be applied.

‘ore research is required to look particularly at the removal of stress by
the uniformly restrictive type of diet.

1.5 Compensatory Growth dur r Undernutrition.

Previously reference was made to utilizing compensatory growth in relation to
feed restriction for birds over the growing phase (Bullock et al 1963, Blair et al
1969 ).

The phenomenon of compensatory growth is not unknown with larger farm animals
(Wilson and Osbormn 1960), such as cattle (Winchester and Harvey 1966), sheep
(Aammond 1932, Palsson 1955), amd pigs (McMeekan 1940).

In general, the phenomenon may be described as a period of rapid and efficient
grovth following a period of food restriction. Obviously the nature of the diet,
the severity and duration of the treatment, the age of the animal, and the level
of nutrition after the restricted period are all variables which may influence
the efficiency of the compensation.

The actual physiological mechanisms involved are poorly understood, Wilson et
8l (1960) merely describing the observed phenomena.

With poultry, a similar compensatory situation could occur as a result of food
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restriction over the growving period (20 weeks), followed by the normal high
quality layer ration. On the other hand, provided the restriction is not too
severe, there maay be some compensatory growth occurring early in the growing
period. For example: Nutrisnt requirements for growth over the first 4 to 5
weeks are of a high order with particular emphasis on amino acid levels.

Following this there may be a period of adjustment and compensatory growth
resulting from an age effect uhereby nutrition levels and tclerances are less
critical. Provided the restriction is not too severe over the first 4 weeks,
with a further 16 weeks to point of lay, there is adequate time for compensatory
effects to operate such that final body weights at 20 weeks, and perticularly
subsequent egg production is satisfactory.

As indicated previously (Suwners et al 1970 and graph 1.4.1), the philosophy
of a straight line growth curve versus the more usual diminishing returns curve to
20 weeks, is concerned in part with compensatory growth.

There are some reports in the literature dealing with the true compensatory
phenomenon (Wilson et al 1960, Winchester et al 1966), but there are few concerned
with the variations described above. Possibly workers have not considered this
line of approach.

Auckland, Morris and Jenninge (1968) looked specifically at the compensatory
mechanism in turkeys after an initial 6 weeks of restriction. The compensating
birds had a greater feed-to-body-weight conversion efficiency (FCE) but no'teau
were carried out to ezxamine the nature of the body tissue increases = fat or
muscle.

Because of the lower Basic Mstabolic Rate (BMR) in the compensating turkeys,
it is impossible to determine whether the apparent advantage in FCE was not dus
merely to lowver maintenance requirements.,

The aim in utilizing the compensatory growth mechanism is to reduce the total
area under the grovth curve. Too severe a restriction may increase the total area
because of the longer time required to reach a given body weight.
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Wilson et al (1960) observed that compensating animals tended to have the
greater amount of carcass fat at the end of the compsnsatory period.

Compensating birds have lower BMR's perhaps because of lower energy intakes.

Priority of body demands for available nutrients are ranked as : nervous
tissue, skeleton, muscles and fat. (Brody 1945)

If this is the case, then food restriction (unless severe) may not be
expected to influence skeletal growth, but perhaps restrict some of the muscle
and most of the body fat growth,

Nordskog et a1 (1967) conclude that because of this phenomenon, body weight
alone may not be a good indication of body condition or maturity. (Lerner 1936,

Jull and Glazener 1945.) The statistic "coefficient of variability" is greater

for body weight.

1.6 Measurement of Body Development.
Though some workers (Seebeck 1968) feel that "skeletal" measurements on the

live animal have dubious utility in body composition studies; for practical pur-
poses of speed and expense the in wvivo techniques will probably continue to be
used. One such measure in poultry recommended by Lerner (1936), is the length
of the shank,

The shank length of a bird represents the length of the tarsometatorsal bone
and associated tissues (see figure 1.,6.1). It is bounded at the proximal end
by the angle of the "hock”; and at the distal end by the first bones of the
phalanges or toes. Thus it is equivalent to the separate metatarsal bones of
the human ankle which have elongated and fused. In the cock, the bony core for
the spur arises about two-thirds down its length,

Lerner and Gunns (1938) derived the following relationship between the
tarsometatarsus (TM) (the dissected bone) and the shank length (SL) (measured ip
¥vivo) from data collected throughout the growing period with White Leghora birds.

T = 0.7863 x SL - 0.2481.
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Fig. 1.6.1: Skeleton of the domestic fowl showing tarsometatarsus.
Fron "Bird Structure," D.A. Ede (1964) Hutchinson Educational

Publications, Edinburgh (1968). p.28.
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The shank is conveniently available for measurement (Burmester and Lerner
1936) in the 1live bird, and this measurement also correlates highly with total
skeletal weight (+0.703) (Morris, Taylor and Brookhouse 1965) and with body
weight (+ 0.92 at 4 weeks, + 0.81 at 16 weeks of age) (Asmundson and Lerner 1942),

Thus while skeletal growth (as indicated by shank length) parallels that of
bo:.;y weight (Lerner 1939, 1940), this relationship only lasts through the first
16 weaks of the grower phese (Asmmndson et 81 1942, Lattimer 1924, Oshima and
Fuse 1967).

When feeding poultry on low planes of nutrition, the skeleton (as represented
by shank length) has a high priority demand on nutrients (Brody 1945, Wilson et al
1960). Thus shank length may be a valuable criterion to evaluate the lower limit
of an economically optimum restriction programme. As long as there are sufficient
nutrients to provide an adequate skeletal framework during the growing phase, then
compensatory growth in muscle and fat, can be provided by the layer phase ration.
The bird produced by such a progranma may have lowver maintenance requirements and
have a better FCE as well as producing eggs of a desirable weight and number,

Wilson (1951, 1952, 1953) studied the effect of plane of nutrition on shank
length, carcass composition and egg production., The high plane was represented
by a 19.5% protein ration fed froam day old to 10 weeks of age, and them changed to
a 20.4% protein ration. The low plane levels were 13.9% and 11.6% protein
correspondingly. A layer ration (unspecified) was fed after the 24th. week of age.
The numbers of birds carried through to the laying phase on the low and high planes
vere very small (12 on each plane), and the treatment effectes were confounded with
natural photoperiod effects. Four months delay in age at first egg for the low
plane birds appears incredible and is possihly due to the severity of the 11.6%
protein ration which was probably imbalanced with respect to amino acids.

Wilson, however, did establish significant differences in shank length
growth between the two planes up to 10 weeks of age, but not at subsequent ages.
Indeed beyond 17 weeks of age, no significant increase in shank length of the high



plane birds occurred, though the low plane birds continued to increase their
shank lengths until 23 weeks of age - at which point they were longer than the
shanks of the high plane birds. A similar phenomenon was observed by Cuthouse
and Mendel (1923) with rats, Hammond (1932) with sheep, and McMeekan (1940)
with pigs,

The latter two workers attributed the effect to the longer growing period
of the skalstal tissue of the low-plane animals.

Body weight effects showed that the high plane birds grew rapidly until
2/, weeks of age, and gained a further 0.2 1b to reach 5 1b at 40 weeks of age,
whereas the low plane birds gained a further 1 1b to reach 4 1b at 40 weeks,
growth rate being very slow until the change to the laying ration at 24 weeks of

age. The stock used were Light Sussex-Rhode Island Red progeny.



CHAPTER ONE B (EXPERIMENTS)

1.7 Ains and Objects.
The growing $rial (code named CN/50) was designed to evaluate the effect of

several planes of nutrition (as determined by protein levels) from day-old until
20 weeks of age on subsequent laying period performance when all birds were fed
the same layer ration (20 to 64 weeks of age).

In designing the experimeat, the arrangement of the feed ingredients making
up the various rations, was organised with the aim of fitting a production function
to the resulting data., It was hoped that it would be possible to determine the
optimum ratio of ingredients in the grower ration using marginal price analysis,

In this respect the design was similar to that described in Chapter 10 of
Heady and Dillon (1961). However, on further study, and particularly as
elaborated by R. J. Tovnsley (personal communication 1970) it was found that the
design as used by Heady et al (1961) was unsuitable for such an analysis, though
they did attempt such analysis. Details of this anomaly, together with other

economic aspects, will be discussed in Chapter 3.

1.8 Experinental Desisn.

Brooder Phase. The 9 treatments were replicated 3 times in a randomised
block design within each of 3 tier-brooders (3 tiers labelled P, J, R) with 14
pullets per replicate (one quadrant of a tier). (see plates one and two).

Grower Phase. At the end of the 4 week btrooding phase the pullets were re-
randomised vithin a treatment on transfer to the grower cages with 4 replicates of
8 birds in a randomised block design. The stock remained in the grower cages
until 20 weeks of age. (see plates three, four and five).

Layer Phase. The pullets were again re-randomised within a treatment on
transfer to the laying shed with }3 replications each of 10 birds in a completely
randomised design over 2 tiers of a 3-tiered battery. (see plates six and seven).

1.9 Rations:
There were 9 treatment rations (labelled A to I) fed over the period hatech
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to 20 weeks of age. There were 4 major feed fractions in the diet:

(1) A barleymeal fraction which made up 84% of ration A and was
decreased in steps of 6% to reach 36% of the 9th ration I.

(2) A pollard fraction making up 11% of ration A and increasing
in steps of 5% per ration to reach 51% of ration I.

(3) A meatmeal fraction ranging from zero in ration A to 8% in
ration I in steps of 1%.

(4) A basal fraction which supplied some of the protein together
with the birds' requirements (according to Bolton 1967) for
vitamins and minerals, This fraction made up 5% of every
ration.

All mashes fed were coarse ground. They were mixed by a local feed mill,
with sufficient initially (720 1b. per ration) to last the complete 20 week
periods Subsequently as rations G, H and I were consumed at a greater rate
than anticipated, supplies of these 3 rations (125 1lb. per ration) had to be
obtained. The mashes were purchased in bags because of the small quantities
involved. In practice, bulk buying would be used, and this reduces the cost
per ton by $3, (Table 1,9.1)
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Percentage composition of the rations were as follows:

Table 1.9.1.

25

Percentage composition of rations; chemical and ingredients together
with a calculated cost per 2,000 1lb, ton if delivered in bulk.

RATION A
Barleymeal 84
Pollard "
eatmeal 0]
Lucurnemeal 1.5

Buttermilk 2.0
Powder

Bonemeal 1.0
Iodised 0.25
Salt
Vitamin—-

4ineral 0.25
Supplement*
TOTAL 100

$ per ton 61.89
(bulk)

Kjeldhal ** 12,0
Protein ¢

Calculated 11.9
Protein %

Energy (kes 1183
ME/1b, )

Eg;;ﬁ: (kecs 2606

Cal/pr.Ratio 99
Pr/Mcal Ratio 10.1
Calcium £ 0.42
Phosphoruws  0.58
Ash® 3.8
Moisture § 10.8

0.25

100

62.08

10.2

12,5

1184

2607

95
10.6
0,51
0.64
3.5

1.6

c
72
2

2

1.5

2.0

1.0

0.25

0.25

100
63.28
12.8
13.1
1184
2608

90
111
0.60
0.70
4.9

10.6

1.0

0.25

025

100

62.47

12.9

13.8

1185

2609

86
1.6
0.69
0.76
3.1

1.2

60
A

1.5

2,0

1.0

0.25

0.25

100

62,67

13.7

14.3

1185

2610

83
12,1
0.78
0.82
4.0

10.5

F
54
36

5
1.5
2.0

0.25

0.25

100

62.86

15.3

15.0

1186

2611

(r)
12.6
0.87
0.88
bob

11,5

G
48
A

6
1.5
2.0

1.0

0. 25

0.25

100

63.06

14.7

15.6

1186

2612

7%
13.2
0.96
0.94
5.0

139

H

42
46
7
1.5
2,0

1.0

0.25

0. 25

100

63.25

15.6

16,2

1187

2613

()
13.7
1.05
1.00
561

10.8

0.25

100

63.45

15.6

16.8

1187

2614

n
14.2
1.14
1.07
561

11.0
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#  Composition of the vitamin-amineral supplement is shown in
Appendix I table 1,

#%  After arrival, samples of each ration were taken and analysed for
Kjeldhal nitrogen, ash, and moisture content. All figures are
given on an air dry basis.
Calculated analyses for protein, metabolisable energy, calcium and phosphorus
are also given in table 1.9.1. These are based on figures given in Appendix I
table 2, The Calorie (per 1lb,)/ Protein ratio is given; with Creek's (1969) -
Protein/iegacalorie ratio for comparison purposes.
From the 20th week of age, all birds were fed on an identical ration which
is the normal one fed to layers at the PR C and to entrants in the N.Z. Poultry
Board's most recent Random Semple Test. Details of ingredient composition,

chemical and amino acid analysis, can be seen in Appendix I table 3.

1.10 rials Methods.,

General. The stock used were strain cross White Leghorn pullets from the
P R C White Leghorn Control strain, Details of the artificial insemination, egg
collection and storage, and incubation of eggs from this stock can be found in
Appendix I (a).

The chickens were sexed, and one ving band placed on the left wing. After
initial measurements (see section 1.11) the birds were housed in a semi-controlled
environment brooder-rearer shed in 3 electrically heated battery brooders
("Multiplo") with 14 chickens per cage. 378 pullets were housed for the 9 treat-
ments ( 3 replicates per treatment).

Any birds dying within 3 daye of housing were replaced as mortality was
probably not due to treatment effects.

In the flat deck ("Multiplo") growing cages there were 4 replications per
treatment each of 8 birds. Any spare birds remaining were sold as there was room
for housing only288 pullets.

In the semi-controlled environment laying shed, pullets were housed 2 per 11

inch cage with 3 replications per treatment,each of a 5-cage block (for convenience
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in feeding).  The cages occupied the top 2 rows of a 3 tiered douhle-sided
laying battery (manufactured in the U.K. by Cope and Cope Ltd.)

A daily diary in triplicate wvas kept in which was recorded temperature maxima
and minima for the shed, weights of food fed, details of birds sent for post
mortem and any event which could conceivably affect the results of any trial,

A coded sheet accompanied all birds sent for post mortem examination which
described the clinical symptoms of the bird together with a complete identifi-
cation to wingbard, ration, replication and cage placement.

Heating, The brooder temperature, starting at approximately 95°F (35°C) was
lowered gradually to achieve a uniform house temperature of 71°F (22°C) by the 4th
week., Some fan control wvas necessary at times as mid-summer conditions prevailed
outside. The heat was provided by an electric resistance coll inside a metal
tube and was thermostatically controlled. The growver cages were unheated.

Lighting. The lighting system was a 14 hours constant light for the first 4
weeks, followed by 12 hours till 20 weeks. At housing in the laying shed, a
constant 14 hours of light prevailed.

Intensity was controlled at all stages by dimmer devices (using an electro-
nic "choke" principle). An intensity of 3 lux (see Appendix I (b) ) was used
after the first 14 days of bright light (.._3.lux) for the starting chickens.
White 1ight was used at this stage, but red bulbs at 3 lux were used in the
growing phase. White light at 5 lux wvas used in the laying shed. All
intensitiee were measured using a G.E.C. ¥inilux illumination meter.

1.1 Heasurements.

Body Weight, The pullets were weighed individually at day-old and subsequent-
ly at 14 day intervals to 20 weeks, and in the laying shed at weekly intervals to
28 weeks, and 28 day intervals to the 47th week., Weights were taken weekly in
the early laying period as a check on possible compensatory growth ﬁitb the layer
ration being fed, and to provide some indication of weight changes associated with

attalnment of sexual maturity. Measurements to 20 weeks were made on a "Mettler"
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balance (type P3; 3,000 gm. in 1 gm. units). After 20 weeks, a "Salter" spring
balance was used (No.60M Mark II; 60 1lb. in O.1 1lb. units).

Food Consumption. The stock were fed ad 1ib at all times. Additions of
mash to the food troughs were weighed, with refusals weighed back weekly for the
first 4 weeks, then at 2 week intervals to 20 weeks. Food wvas weighed into the
brooder food troughs using a "Salter" scale (No.159; 2,000 gm. in 20 gm. units).

In the laying shed, sufficient mash to last each replicate group of 10 birds
(5 cages) 4 weeks, was weighed into a drum and the stock were then fed ad 1ib
from the drum with refusals returned to the drum at the end of the 4 week period
to calculate consumption by difference.

Food consumption vas measured (using an "Avery" scale (Type 4; 500 1lb. in
4 oz. units) in the laying period for 12 weeks after housing to record possible
compensatory consumption effects.

Shank Length, Measurements were taken from an 8-bird sample chosen randomly
from within each treatment using a pair of "Goodline" (German) 16 cm (6 inch)
slide calipers. ifeasurements were taken at day-old and then at 4 week intervals
until the 24th week of age. The author and Miss P, Hopkirk (P.R.C. Technician)
made all the measurements, thus reducing possible errors between different
observers,

Mo: ity. All deaths or obviously sick birds were sent to the Veterinary
Poultry Pathologist, Dr. R. Pohl, for diagnosis. An information sheet accoampanied
these birds, and this was returned with a diagnosis attached.

Age at First Egg and Egg Number. Bullock and Jennings (1963) have shown that
the best estimate of differences in average age at first egg between treatments
vhere birds are housing in pairs in cages, is obtained by calculating the mean of
the ages represented by the dates of the first egg from each cage (the average
age of first birds in pairs.)

An indication of the age when the second bird began to lay was gained by

recording the first day on which 2 eggs per cage were observed.
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Each cage was fitted with a metal strip along the edge of the rollaway egg

tray, on which numbers were painted from zero to fourteen. A movable indicator
enabled one week's egg production to be recorded per cage. At the end of each
7=day period, information was transferred to a card, and the indicator returned
to zero.

The metal strip was also used to mark the date of the first egg - using
coloured tape placed over the appropriate day number,

Egp Grading. A sample of one days production was collected every 2 weeks.
Each egg was weighed individuslly as well as each treatmont's eggs being graded
as a whole on a "Cope and Cope" egg grading machine. The grading scheme used
in N.Z. can be seen in Appendix I (c).

Egg Cuality. A 3 day collection of eggs at 41 weeks of age were broken out
to enable measurement of yolk colour (using the New "Roche" Colour fan), meat and
blood spot incidence and size, and albumin height (in millimetres using a tripod
dial micrometer).

Haugh unit values (a conventional measure used in egg quality investigations)
were subsequently derived using the individual egg weights and albumin heights
with a circular normograph. ilaugh units are albumin heights of eggs, standard-
ised to a 56 gm. egg weight, and converted to a log scale.

Amino Acid Analysis. Rations A, B, C, G, H and I were acid hydrolysed and
analysed on a "Beckmdn" 120C Automatic amino acid analymser,
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1.12 RESULTS .

Body Weight. Analysis of variance and subsequent comparison of treatment
means for weight gains (using Tukey'!s method (Snedecor and Cochran 1967) are
shown in Appendix I, tables 4 and 5 respectively.

These results show that gains made by birds on rations A and B were signi-
ficantly lower than most other rations in the first 12 weeks. Those birds on
rations C and D also gained less than the remainder over the latter part of this
period.

At some point around the 12th week of age, the weight gain per 4 week period
began to fall for those birds on the higher protein rations - especially rations H
and I. Gains made while on these rations were significantly less than those made
on rations A, B, C, and D over the period 12 to 16 weeks. After this time weight
gains on all rations except ration A were markedly reduced, and not significantly
different from each other.

At 20 weeks of age the body weights of birds on rations A and B were signifi-
cantly lower than those on other rations.

Graphs of body weight and body weight gain for birds fed ration A and I can
be seen in Figures 1,12,1 and 1,12,2, Some selected points over the experimental
period show body weight distributions as seen in table 1.,12,1.

Table 1,12.1
Treatment Mean Body Weights from Hatch to 47 weeks.(1b)
Age (weeks)
Hatch 4 8 12 16 20 24 p. ] 47
Treatment
0.09  0.29 0.7 1,49 2.2 2,67 3.18 3.56 4.3
0.08 0.3 0.95 1.80 2,47 2,93 3.53 4.1 4.50
0.08 0.4 1,10 2,00 2,67 3.12 395 4.20 492
0.09 0.0 1,15 2,06 266 3,07 3.66 3.86 4.36
0.08 0,46 1.25 2,16 2,9 3.26 4.07 4.23 5.39
0.08 0.49 1.3 2.2 2,83. 3.3 4.0 he22 4.69
0.09 0.52 1,33 2,18 2, 3.25 3.99 437 496
0.06 0.56  1.41 2,33 2,84 3.28 3.84 3.98 5.25
0.08 0.55 1.38 2.2% 2.80 3.3 3.86 4.03 5¢2%

H K QW N O Q o bk
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Shank Length., Growth of the shank followved a similar pattern to that of
body weight. (Table 1.12,2)

At the end of the 4th week, the birds on rations A and B had significantly
lower gains in shank length than those birds on rations F and H. Over the next
4 weeks, gains were similar on all rations except that the birds on ration A were
gaining significantly less than all others. Soon after the 8th week, rate of
gain in shank length began to decrease for birds on the higher protein rations.
Over the period 8 to 12 weeks, gains by birds on rations B, C, and D were signi-
ficantly greater than those on ration H. By the 16th week shank length gains on
all rations except ration A, had dropped to a similarly low level. After this
time gains were of the order of 1 millimetre per 4 week period. Experimental
measuring error probably contributed largely to any variation between treatments
beyond the 16th week.

A graph of shank length and shank length gains for birds on rations A and I
can be seen in Figures 1,12.3 and 1.12.4.

Analysis of variance of shank length gains and a comparison of treatment means
can be found in Appendix I, tables 6 and 7.

Table 1,12.2

Treatment mean shank lengths (cm) from hatch to 24 weeks age.

Age (weelss)
Hatch 4 8 12 16 20 24
Treatment
A 2,51 4.07 5.44 7.07 8.38 8,57 8.50
B 2.48 4.03 6.48 8.14 8.89 9.14 9.3
c 2.49 426 6.2 8.07 8.66 8.63 8.62
D 2,51 4.3 6.22 8.07 8.58 8,61 8.54
B 2.49 4.35 6.45 8.1 8.45 8.61 8.52
F 2.46 4.73 6.69 8.38 8.96 8.88 8.78
G 2,50 4.57 6.61 8.12 8.60 8.66 8.61
H 2.49 4.85 6.96 9.03 9.34 9.43 9.39
I 2,51 4.67 6.7 8.30 8.67 8.62 8.56
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Food Consumption. Results were considered in the form of hen-day food
consunption which allowed provision for birds dying during the period over which
food consumption wvas measured. The figure for the total amount of feed consumed
in a period was divided by the number of hen-days. The hen-day index was derived
by a sumnation of the number of days each hen was alive during the period being
considered. Thus the period hen-day food consumption was the hen-day food
consumption rultiplied by the number of days in the periode Each unit cell in
table 1.12,3 below describes the hen-day period food consumption in pounds, on a
per bird basis,

Analysis of variance between treatments over the periods shown, and a com-
parison of treatment means, can be seen in Appendix I, tables 8 and 9.

In the first 4 weeké., birds on rations A, B, C, and D ate significantly less
than the remainder, and less than those birds on rations G, H, and I over the
following 4 weeks. Rations A and B were consumed less than others from 8 to 16
weeks, and in the period 16 to 20 weeks rations i and I were consumed in amounts
significantly lower, and higher,respectively,than all other treatments.

After the 20th week there were no significant differences in food consumption.

The total consumption during the rearing period (hatch to 20 weeks) differed
significantly between almost every treatment; birds on ration A only consuming
75% of the quantity consumed by those on ration I. A graph showing cummulative

food consumption for birds on rations A and I is shown in Figure 1.12,5.

Mortality. A distribution table of mortality for causes and treatments can
be seen in Appendix I, table 10 with an analysis of variance for mortality in
different periods in table 11, (Summary in table 1,12,4)

Overall there was an 8.0% mortality to 20 weeks of age, and a further 8.9%
nortalii{y ia the laying period until 52 weeks of age. There was no significant
treatment effect: on mortality,
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Table 1.12.3
Treatment means for Hen-day Food Consumption periods froa
hateh (H) to 32 weeks of age ( lh/bird ).
Treatment H=4 4 -8 8 - 16 16 - 20 H-=20 20 = 32

A 0.84 1.67 8.84 6.15 17.50 20.96
B 0.90 2.49 9.48 6.15 19.02 21,7
c 1.0 2,67 10.08 5.85 19,61 20.75
D 1.02 2.92 10.62 6.2% 20,81 20.90
E 1.18 3.15 10.93 6.56 21.82 21,89
F 1.30 3.33 11,18 6.51 22,32 21,38
G 1,32 3.51 1.0 6.T2 22,63 21.85
H 1.41 3.66 11,87 6.61 23.56 .52
i 1.48 3.83 12,36 7.30 24,97 2l 75
MS D (1%)* 0.19 0.58 1.35 0.82 2,13 3.29
MS D (58) 0.16 0.48 1,12 0.68 1.7% 2.66

* MS D = Minimm Significant Difference (Snedecor et al 1967)

Age at First Egg. An analysis of variance and subsequent comparison of
treatment means (Appendix I tables 12 and 13) showed that birds on ration A

matured significantly slower than those on rations G, Hor I. (Sumary in table
1.12.4) All other differences were not significent., A difference of 11 days
vas required for a 5% level of significance, i1llustrating the considerable
variation with this measure.

Body Weight at Age at first esg. Analysis of variance and comparison of
means (Appendix I tables 14 and 15) of body weight at sexual maturity (as repre-
sented by age at firet egg) showed that birds on ration A vere significantly

lighter (0.5 1b) than these on all other rations,
Egg Number. These results (summarised in table 1.12.4) were computed in 3

formes Hen-day (HD) egg number, HDf egg number, and hen-housed (HH) egg number,
this last form used the number of hens alive at the time of housing in the laying



34
shed, as its divisor., HH production thus took account of viébility or liva-
bility of the birds on that particular ration. The laying period was 222 days
from 20 weeks of age.

For a detailed explanation of the above terms, see Appendix I (d).

Analysis of variance of treatment differences over each 4 week period from
20 weeks of age, can be seen in Appendix I table 16. A comparison of treatment
means for the 2 periods in which significant differences appeared can be seen in
Appendix I table 17, These results showed that over the period 20 to 24 weeks,
those birds fed rations A and B in the grower phase, laid significantly fewer eggs
on a HD basis, than most other treatments. In the following 4 weeks only those
birds reared on ration A were still significantly lower in HD egg production.

In all other periods, there were no significant differences between HH egg
oumbers laid.

An analysis of variance of total IID egg nunbers (Appendix I table 16)
shoved no significant differences between treatments, but when the results were
uncorrected for mortality effects as in HH egg production (Appendix I tables 18
and 19) then birds on ration F showed a significant 18 egg advantage over those
birds on rations C, G and H.

Appendix I table 16a shows the period HD¥# production for 14-day periods
from 20 to 52 weeks of age. These results for rations A and I are graphed in
Figure 1.12,.6.

Anino Acid Analysis. The results of the analysis are shown in Appendix I,
table 23, with an indication of the degree of imadequacy of each amino acid when
conpared with thearetical requiremmnts.
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Table 1,12.4

Summary of treatment means for Age at First Egg (days); Body
Weight (1bs) at first ege, HH and HD egg number; and mortality(%).

A B C D E F G H I M5D
(5%)
Age at 175 m 170 165 165 165 164 163 160 1

first egg

Weight at 3.33 3.58 3.73 3.75 3.82 3.82 3.72 3.83 3.69 0.33
first egg

HH egg 129.7 127.0 119,17 127,17 130,17 137.7 119,6 119.,2 125.7 4.4
nunber

HD egg 137.5 137.5 134.1 136,2 138,3 137.7 130.7 133.7 134.5 9.1
number

Rearing 12 21 8 12 0 2 c 6 6 -
Mortality
Laying 7 7 10 0] 17 0 7 13 20 -
Mortality
Total 19 28 18 12 17 2 7 19 26 -
Mortality

Egg Grading. Analysis of variance was used to detect significant individual
egg welght differences at various points during the laying period. (Appendix I
table 20). KNo significant differences ware found.

A "weighted" egg weight was calculated for each treatment using individual egg
weights for each period and "weighted" according to period egg number (Table 1.12,5),
Analysis showed no significant treatment effects. (Appendix I table 21).

A sumation percentage of all eggs within the various grades (see Appendix I
(b) ) together with the total mass of eggs laid per hen from each treatment, can
be seen in table 1.12.5 below.

Grading information is of significance in economic evaluation and is therefore
mentioned in more detail in Chapter 3.



Table 1,12,5

% of eggs 1laid in various grades for the 9 treatment, over the
laying period; total mass of welght produced; and "weighted®
egg weight (gm).

Rations, % Grades.
Weighted Total (kg)
Large Standard !dedium Pullet Undergrade Egg Weight Mass per hen

A 34 65.6 2.6 4.6 3.8 52.6 7.3
B 3.3 60.1 H.4 5.2 1.8 5144 725
c 9.1 48.0 35.8 4.9 2,2 51.8 8.03
D 1.8 58.6 25.8 2.8 1.1 53.3 7.33
E 1.0 62.9 21,7 3.0 1.4 53.2 7.46
F 7.0 59.7 25.5 5.9 1.8 52.4 7.35
G 8.6 64.6 20.4 45 1.5 52,8 6.78
H 18.5 50.1 B4 4.9 3.0 54.0 7.34
I 10.4 57.3 23.3 6.4 2.7 53.5 7.32

Egg Quality. Analyeis of variance for treatment effects on Haugh Units,
yolk colour, and size of meat and blood spots (Appendix I table 22) indicated
that there were no significant differences between treatments. A table of mean
values for Haugh Units and "Roche" yolk colour measures i1s seen in table 1.12,6,
If yolk colour falls below 7.0, this is classified "unacceptably pale". Haugh
Unit values must fall below an average of 66 before quality becomes unacceptably
low.

Distribution of blood and meat spots is also shown in table 1.124 ., These
figures were arcsin.root percentage transformed before analysis,



Table 1,12.6

Treatment mean values for Haugh Unit, yolk ecolour, meat and blood
spots (untransformed) of eggs broken out at 41 weeks of age.

% % % %
Treatment Haygh  Yolk Large * Large Small** Small
Unit Colour Blood Meat Blood Meat

Spots Spots S pots S pots

A 81.4 8.2 11 0 1" 0
B 83.1 7.9 4 0 8 Y
c 82,3 8.3 0 0 1 4
D 81.3 8.2 7 0 4 [4
E 82.0 8.2 3 0 0
F 79.6 8.4 7 0 3 0
G 81.7 8.2 0 0 19 0
H 7.5 8.6 0 0] 0] 0
I 80.9 8.2 3 0 10 0

» Greater than 1/8 inch in diameter.
*  less " 1/8 fpch " ®
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1.13 DISCISSION

Anglysis. The different measurements taken varied as to the efficiency of
estimation. Body weight was measured for individual birds whereas food
consumption was measured on a group basis - the size of which varied between
8 to 14 birds,

From a statistical point of view, food consumption means squares are there-
fore derived using fewer degrees of freedom - which reduces the chance of estab-
lishing significant differences between treatment food consumption unless these
are quite large.

Crowth and Development. Birds fed the lower protein grower rations (4, B,
C and D) showed evidence of a reduced body weight gain and reduced skeletal
growth rate (as represented by shank length) in the growing period. The period
of moat rapid body weight gain appeared to be over the period 7 to 13 weeks for
birds on the high protein rations. Those birds on ration I gained 1.2 1b. over
these 6 weeks (see Figure 1.12.2). The period of most rapid growth in ths more
restricted birds was delayed. This delay was 3 weeks with birds on ration A,
but during the period 10 to 16 weeks, these birds also gained 1.2 1b. After the
peak growth rate periods, weight gains were markedly reduced. After the 14th
veek the restricted birds were still gaining weight faster than the unrestricted
birds. This marked an obvious compensatory growth while birds were still on
the restrictive rations.

Presumably some adjustment to the diet had begun much earlier - probably fron
the 4th week of age. This period of compensatory weight gain may account for the
fact that there was only a 2 week delay in sexual maturity between birds fed
Rations I and A (compared with the 3 week delay in peak growing periods.)

Skeletal growth closely parelleled that of body weight gain though the
maximun rate of shank elongation in birds fed the restricted ration A was 6 wesks
behind that of birds on ration I. (see Figure 1.12,4)

Weight increase with time had the standard sigmoid flaxure curve relation-
ship. (Pigure 1.12,1) Birds on Ration I showed an increasing rate of growvth



over the first 8 weaks; followed by a period of uniformly high growth rate
until 12 weeks. Diminishing returns began after the 12 week and a slow
decline in growth rate was observed up until the 20th week when a 2 week period
of rapid growth rate began - probably reflecting the sexual development of the
ovary and oviduct.

Sexual maturity (as measured by the age at first egg) occurred at the end
of this short period of rapid growth; at the 23rd week. Then followed a period
of gradually diminishing growth rate until measurements were terminated after
the 47th week of age.

The average 19 week body weight of White Control stock (R.S.T.W.C.) in the
5th N.2.R.S.T. was 2,9 1b,, or approximately the weight achieved in 20 weeks by
birds fed the low protein rations A and B in this trial., These birds were
significantly lower in body weight than those on rations E, F, G, H and I at 20
weeks, This probably reflects the generally reduced growth rate of these
restricted birds.

The final body weight of the RS .T.W.C. birds at 70 weeks of age, was 4.4 lb.
Even at 47 weeks of age, all CN/50 birds except those reared on rations A and D
had exceeded 4.4 lbs,

The lower body weight of the RS.T.W.C. birds may reflect the deep litter
floor conditions where birds are much more active and perhapes exposed to greater
"stress" levels of disease.

The growth data for this trial indicated that the restrictive rations fed
during the growing period did reduce body weights throughout the experimental
period, compensatory body waight gain becoming obvious after the 14th week of age.
The skeletal frame growth reflects the reduced body weight growvth in the first 12
to 14 weeks, but after that period only birds fed the most restrictive grower
ration had a significantly smaller skeleton.

A delay in sexunl maturity was observed as a result of feeding the more
restrictive growing rations, those birds fed grower ration A not commencing lay
until 25 weeks of age = which could be regarded as an unacceptably long (economic)
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delay. However, ultimate assessment made in relation to profit per bird
indicated that this wes not so.
Table 1.13.1 indicated the changes in welght which occurred between sexual
maturity and the end of the experiment (at 47 weeks), and the measured gain in
weight over the period in which the layer ration was fed (20 to 47 weeks).

Table 1,13.1
Body Weight (B.W.) Changes during the Experiment.
A B c D E F G H I

B.W. at 20 2.67 2.93 3.12 3.07 30% 3031 3025 3-28 3023
wveeks

B.W, at Point 3.33 3-58 3.73 3.75 3082 3.82 3072 3.83 3069
of Lay

B.W. at 47 4e31  4e50  4.92  4.36  5.39 469 4,96 5.25 5.2
weeks

B.W.Gain after 0.98 0.92 1.19 0.61 1,57 0.87 1.24 1.42 1.55
maturity

Bou. Gain 20 1.& 1.57 1.80 1.@ 2.13 1'38 10'71 1.97 2.01
to 47 wuks.

These results indicate that even though the skeletal frame of most birds was
uniform, the weight gain after sexual maturity depended largely on the rate of
gain before maturity.

A possible explanation is that the gut capacity had become higher for the
birds fed Rations F, G, H, I and the birds may have continued to eat a similar
amount in the laying period due to the inelasticity of adaption to a different
energy—content diet. This extra energy would be likely to be laid down in the
bird as fatty tissue, thus giving rise to a greater weight gain during the laying
period.

The information provided by body weight measurements is adequate, and the
extra expense involved in measurement of shank length for the information pro-
vided was possibly not justified.
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Food Consumption. After only 2 weel® from commancing the trial, it was
apparent thet hirds fed the higher protein (and therefore higher pollard) diets,
consumed more feed.

The assumed metabolisable energy (M4.E.) values for +he ration ingredients
may have been incorrect — in which case the higher protein rations may have been
lower in energy.

A lower M.E. value for pollard would help to explain the increased rate of
consumption on the higher pollard rations as it is known (Ai11 1962) that birds
consume to satisfy their energy requirements (within certain limits as discussed
by Morris (1967) ).

The source of pollard for this experiment included wheatgerm and variable
amounts of fine bran in the product. Bran is higher in fibre and has only 65%
of the 4.E. value of pollard.

There may have been other factors affecting consuaption such as flavour,
and toxins of various types. The ratio of barley to pollard may be important if
there is an interaction between the two. Feeding trials at the P.R.C. have
indicated that a 131 ratio between these ingredients in a ration is optimal with
respect to growth rate and food comnversion efficiency (F.C.E.)

An amino acid analywis carried out on ratioms 4, B, C, G, H and I (Appendix
I table 23) indicated some deficiencies on a f-of-ration basis, However the
theoretical requirements were based on higher emergy and higher protein rations
than those used in the CN/50 rations. There is very little inforwation in the
literature on daily intale requirements for amino acids, Scott gt al (19(9)
indicating that about 0.35 gm Lysine per day is required for growing chickems.
Dus to the high consumption rates of the high pollard rations, levels of lysine
were apparently adequate in rations G, H and I; but grossly inadequate for retions
A, B and C, where consuaption rates were low. Only about one half of the required
daily intake of lysine was obtained on the latter rations. Thus it seems likely
that one of the principle reasons for a reduced body weight gain in the growing
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period wvas an inadequate amino acid intake.

The imbalanced calcium—-phosphorus ratio may have affected consumption in
some way, the lower protein rations being more imbalanced, but other trials at
the P.R.C. taken up to the 4 week stage indicated no significant effect.

Consumption to 19 weeks averaged 17.4 1lb. for the R.S.T.W.C. birds which is
approximately equivalent to amounts consumed by the experimental birds fed ration
A, though comparison with birds reared in cages may not be very meaningful. The
level of consumption on the experisental rations containing a high protein-high
pollard level could be regarded as greater than normal. Apart from the reasons
above discussing this, the bulk density of the ration is reduced by the presence
of high pollard levels. The wastage of mash by flicking would thus have been
increased by this factor. The average density of rations A, B and C was
0.516 gm/cc.; 18.7 1b. of these being conswmed per bird in rearing which amounts
to 16.5 litres of mash~volume consused. The average density of rations G, H and
I was 0.433 gn/cc.; 23.7 1b. or 25 1litres of these were consumed per bird.

Thus the birds on the high pollard rations (GHI) consumed over 50% more mash
on a volume basis, Apart from wastage considerations, it may be that the birds
overestinated the extra amount they would need to consume, of these "1light" rations,
to get the same weight eaten.

Recent experiments at the P.R.C. to determine M.E. values have shown that
pollard is only 80 Kes M.E./1b. lower than barley, which is evidence to support
the assumption of the high energy value used in calculations of ration energy
levels. However, the experimental method of M.E. determination is susceptible to
numerous sources of erraor in determination.

There are difficulties in using M.E. figures because of interaction between
diet energy ingredients. These, and other liaitations are discussed by Sibbald,
Sumners and Slinger (1959), and Vohra (1966).

Crude fitre estimations for barley and pollard at the P.R.C. were 2,8% and
5.8% respectively, and high fibre is usually assoclated with low energy values.
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The FCE to body weight up to 20 weeks of age was better for birds on the

lover protein diets (6.55 1b. food/1b. gain for those birds on ration A; 7.70 1b,
food/1b. gain for those on ration I). By 20 weeks of age, the unrestricted birds
had consumed 7.5 1lb. more food per bird for a mean weight advantage of 0.6 1lb.

As the grower ration composition changed from that of treatment A through to
I, there were steady increases in the amount of each that was consumed in each of
the time periods measured. Because the changes in ingredients between each
ration were not large, statisticel significance was only eatablished betwean
consunmption of extremes. However, the steady increase in consumption can be
seen in Table 1.,12.,3 over the range of rations,

Further support to the conclusion that with this experiment, all the compen-
satory growth occurred while birds were still being fed the grower rations, comes
from results of consumption of the layer ration from 20 to 32 weeks of age.

There were no significant differences hetween the treatments; though there may
have been indication of a trend to slightly lower consumption in the laying period,
where birds were reared on more restrictive diets.

Mortality. Mortality levels were lower in the rearing period and higher in
the laying period for birds on the less restrictive rations. The situation was
reversed for birds reared on the restricted rations. These results are in accord
with published data but the causes of 3uch a distribution are not indicated. An
hypothesis that a restrictive growing rations eliminates those birds susceptible
to stress in later life is often advanced by workers. Overall mortelity during
the rearing phase wes higher than genarally achieved at the P.R.C. with larger
populations reared on litter. Cage rearing appears to be more "stressful" than
floor rearing.

The lowest total murtalities were observed for birds fed retions of inter-
mediate protein levels. A comparison of overall mortality levals with the White
Control birds of the 5th. R.S.T. shows a 2% mortality in rearing (c.f. 8% in CN/50)
and a further 8% till the 70th veek of age (c.f. 8.9% up to the 52 weck in CN/50).
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Epgpg Production. The H D period data showed that the delayed sexual maturity
of birds on tiae more restrictive growing diets affected their production until the
28th week of age. After this time there were no significant differences in
period production.

Production for the whole period to 52 weeks showed no significant differences
between treatments, indicating that the delayed birds had made up their disadvant-
age by laying at an increased rate. This result also indicates that production
comparisons made on a production-after-sexual-maturity basis would show a definite
advantage to those birds reared on restricted regimes,

When H H production vas used to assess treatment effects, birds reared on
ration F (total mortality 2.4%) had a significant advantage over those birds reared
on rations C, G and H (mortalities of 17.9%, 6.7% and 19.6% respectively). It was
apparent that high mortality was important in rating production on a H H basis,
although the treatment showing highest (28%) total mortality (ration B) still rated
6th highest in H H egg mumber.

Period H DZ production for each 14=day period throughout the layer phase is
shown in Appendix I, table 16a. Comparisons between the 1967-68 R.S.T. results
and CI/50 results are made to provide some perspective, but the systems of manage-
ment and housing were considerably different, A greph comparing H Df period egg
production is seen in Figure 1.,12,6 for birds from treatments A and I compared with
the 5th R.S.T. as a whole. A study of this graph will reveal a depression in egg
production between the 46th and 48th week over all treatments. This was caused
by the stress placed on the birds when they were shifted (for operational reasons)
from one battery to another.

The restricted birds, though attaining sexual maturity at a later age,
generally attained an earlier and higher psak of production, wvhich was maintained
for a longer period. The exception to this was treatment F which reached a
production peak before all other treatments, and also laid at a high rate through=
out (second only to those birds on treatment E).
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Bgg Welisht and Quality. Though the number of eggs has the most significant
effect on income from eggs, size considerations become more important as the

price differential between grades increases.

Table 1.12,5 shows the average egg weights for the different treatments,
which were not significantly different.

The restricted birds laid fewer eggs in the Large grade, and the price
differential between this grade and Standard grade was 4 cents per dozen through-
out the laying period.

The price difference in the dirop to Medium grading varied between 3 and 8
cents per dozen, becoming smaller as the October, Spring seasonal oversupply
began to reach the market.,

Haugh Unit values and yolk colour measurcments indicated that there were no
adverse treatment effects on egg quality.

A discussion of the production function and economic aspects of CN/50
Wwill be found in Chapter 3.



GHAPTER TWO.
MANAGEMENT OF LAYING STGCK.

2.1 Eactors Affecting Egg Production.

(a) Housing Methods. In normal commercial practice, the pullet is transferred
to laying quarters before the comnencement of lay.

The laying shed is designed to grovide an environment that will allow an
optimum level of egg production and a means of collecting the eggs. The
industry cost structure determines economic levels of investment in
buildings and equipment for different climatic conditions.

The housing and management systems used in the laying phase differ widely:
deep litter wood shavings, wire floor pens, colony cages, and single bird
cages. There ls a considerable voluuze of literature coaparing various
systems, comparisons being difficult because of the numerous interactions
between housing systems, rearing methods, feed and water space, diet,
light treatment, diseuse resistence, breed and strain of bird (Jennings,
Fox, ilarsden and Morris 1959; Singsen 1962; Proudfoot 1967; Balloun and
Speers 1968; Balloun 1969; Cardin, Zimmerman, Snetsinger and Greens 1969;
Wildey, Flegal and Coleman 1969),

Though performance in the laying phase is determined to some extent by the
treatment received in the growing phase, there is a more direct temporal
relationship between treatment and output in the laying stage.

(b) Light. The photoperiod affects rate of egg production, without having the
pover to stop or start the actual process. Poultry are more affected by
changes in photoperied than by the uctual level of photoperiod at any ona
time,

Maximuvm rates of lay can be achieved with 9 to 10 hours of coastant photo—
period (where this is maintained from day-old.) (Morris 1966).

Egg production is stimulated by an increase in photoperiod, and is demressed
by a decrease in photoperiod, changes within the range from 8 to 16 hours
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being more potent than changes at other levels.
There are interaction effects between rearing and laying light patternsa for
optimum egg mroduction. The system used depends whether daylight is being
supplemented, or a light-proof shed is being used (Morris 1967a). The
literature on light requirements is reviewed by Morris (1966).
Light intensities of 5 lux (see Appendix I (b)) as measured at the food
trough, are the minimum practical levels for maximum egg production (Morris
and Owen 1966, Morris 1967b).
There 18 no satisfactory direct evidence about the effect of different light
colours on the rate of lay, though data from McGinnis, Ramires, Boyd and
Lauber (1966) implies that photoperiodic response is maximal with light in
the orange-to-red band of the zpectrun. Red glass or paint docs not
increase the output of these wavelengths from a bulb, but only filters out
the green-blue part with a consequent reduction in light intensity.

(¢) Temperature. There is an interaction between environmental tempereture and
food consumption. etabolisable energy (M.E.) requirements, and hence
food consumption, being lowered by 1.6% per Centigrade degree rise in
tamperature (Payne 1966). This effect cperates only over a limitad
temperature range. At 86° F ( 30° C) there is an improvemsnt in food con=
version efficiency because less food is eaten for an idsnticel egg mess
output compared with a 64=~68° F (18 to 20° C) enviromment. The mutrient
coneentration in the ration needs to be higher wdth the high temperature
diet to maintain abesolute nutrient intake requirenents. Even so, egg size
is reduced because of an imadequate M.E. intake, The reason for this is an
over-eetimation, by the hen, of the reduction in energy output of the body.
Strain effects, acclimatization effects and heating verus food ccets are all
important factors to consider in relation to optimum environmental temper-
ature in the laying shed.

There are other factors affecting egg production such as ventilation, humidity,



and disease; but of major concern in this thesis are the nutritiomal

factors.

2.2 The Nutrition of laying Pullets.

As with groving birds, the major cost item with laying birds is feed.

Any means of reducing feed costs while maintaining high egg revenue returns wvill
increase profit. There are many methods of restrictive feeding which claim to
increase profit, but before considering these, it is useful to consider the
theoretical nutrient requirements of laying pullets.

During the early laying phase, requirements for tissue growth and feathers
are mcst important. As the pullet approaches point of lay, there is a rapid
increase in growth and development of the reproductive organs which places a
priority demand on nutrient intake. During the 8 to 10 weeks following onset of
lay, the pullet must consume sufficient nutrients to allow for egg production at
rates approaching 80 to 90%; to increase her body weight; to maintain bone and
muscle tissue; to fight disease and "stress"; and to do this with maxismum feed
coavsrsion economy.

An example of ingredients and nutrient contents for a good laylng ration
can be seen in Appendix I, table 3 - the N.Z.R.S.T. Layer Ration in current use.

Requiremants for nutrients should ultimately be considered on the basis of
absolute requirements per hen per day. Requirements will vary tremendously
depending on body weight, level ef egg production, btreed and strain and all the
environmental factors mention in 2,1, Because of this inherent source of
variation in requirements there is probably not much added inconsistency in
considering requirements on the basis of concentration per weight of ration.

The use of this inexact requirement form is sometimes seen in the literature
(Chori, Melnda and Kinbera (1968)).

Some interesting work on the influence of physiological factars on the
intake regulation in the laying hen was carried out at (klahoma State University
by Gleaves, Tonkinson, Dunkelgod, Thayer, Sirny and Morrison (1962); Tankinson,
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Gleaves, Thayer, Falks and Morrison (1965); Gleaves, Tonkinson, Wolf, Harman,
Thayer and Morrison (1965); Dewan and Gleaves (1969).

They found that layer ration protein levels varying (independent of energy
and density) from 10.6% to 17% of the ration did not affect the level of food
consunption, but the higher protein rations produced larger hens which laid at a
higher rate of egg mroduction and also had a higher mortality rate.

Diet levels of energy varying between 1020 kecs ME/1b (2247 kes ME/kg) and
1230 kes “B/1b (2710 kes :f/kg) caused a decrease in food consumption as energy
levels rose. This indicated an energy-sensitive intake regulation.

Density of the rution was varied independently using graded levels of
cellulose and sand. The llghter rations depressed the weight of food consumption
with an associated highly significant depression of egg mroduction and body weight
gain, Density varied between 0.735 gn/cc. and 0.444 gw/cc. (a normal ration
density being about 0.58 g@/cc. (Scott et al (1969)). There were no density
efifects on mortality.

Tonkinson et 8l (1965) constructed production response curves between the
2 Input factors: energy and protein intake: und egg number output. These curvee
will be discussed in Chapter 3. Hill (1962) had already established the
reletionshir between dietary cenergy level and voluntary calorie intake of laying
birds, Morris (1967) finding that the adjustment of the hen to maintain the same
culorie intake is imperfect - such that on high energy diets, hens overconsume,
and on low ensrgy diets thaey underconsume. The range of dietary energy levels
over vhich birds eat to equats energy intake varies with breed and strein, body
size and enviranmental temperature. For a "moderate" temperature and a "high
producing” White Leghorn strein, an intake of 300 to 320 kcs M.E. per hen per day
is reguired. Within the range 1180 kes ME/1b (2600 kea MB/kg) to 1521 kes ME/1b
(3350 kes M&/kg) a decraase in H.E. of 50 kea/lb of diet will increase food con=
sumption per hen by about 3.5 to 4% (Scott e} al 1969). Thus if the high energy
diets are not more than 4% more expensive than a diet 50 kos/1lb lower in energy,
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then the high energy diet is more economical on a feed-cost per dozen eggs basis,

High energy laying diets (Brown 1964) used to be popular commercially, but
have lost popularity because of several factors, amaong which is the increase in
vices due to greater time being available to the bird apart from that spent eating.

Protein intake is the most important single nutrient affecting egg product=
ion. The level of intake being determined mainly by the energy lewvel in the
ration.

Protein requirement in terms of egg output usually has a curvilinear
relationship, The marimum egg output point is difficult to determine, and varies
with breed and strain for each environment.

Harms, Damron and Waldroup (1966) found that high producing commercial
laying strains required higher levels of protein intake and were more sensitive to
reduction in diet protein levels than were New Hampshire hens, There was also
much variation within the high producing strains,

Hutt (1961) found that some genotypees are able to withstand certain dietary
deficiencies in amino acids, and vitamins D, E, Riboflavin and Thiamine -
probably correlating with levels of production and growth rates.

For a constant egg output, Sharpe and Morris (1964) found a correlation
between body weight and protein requirement for White Leghorns and Rhode Island
Reds. The heavier bird required 4 to 5 gm extra protein per day for a daily
output per hen of 35 gm egg mass, Part of this extra protein is doubtless re-
quired for maintenance of the (average) extra 1,1 kg Body Weight and also the
faster body growth. Guillaume (1966) suggested a method to determine the amount
of protein used for growth lmowing body weight, live weight gain and protein %
of the diet, which is claimed satisfactory for predictions with up to 21% protein
in the diet,

There will exist for every set of conditions, a point vhere maximum egg
output is achieved with a certein protein intske, However this maximum may not
be an economis optimum., IThis point is discovered where the marginal cost of
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protein equals the marginal revenus of egg output.

Moat factors which affect the response to protein intake will also have a
direct effect on egg production itself. Output on a protein basis can be
considerad a function of egg number plus growth and maintenance requirements.

It may slso be a function of the rate of attaimment of sexual maturity (Pisher
(1965) re-interpretting Brey, Jannings and Morris (1965) ); where results
showed that the later maturing birds (5 weeks delay) required 2 gm protein hen-
day more than the early maturing birds for maximum egg production., However the
early maturing birds' intake of 16 gm protein per hen day produced only 45 gm
egg muss, whereas the delayed birds produced 52 gm egg mess per hen day. The
price differantial betweer the different egg grades, as well as the price of a
unit intake of protein, must be used to determine the economic optima in such a
situation.

A eioplification for comparstive purposes used by Fisker (1965) considered
output only on the basis of egg materlal - but some account must be made for body
weight and growth differences,

Estimated protein iIntake requirements vary throughout the literature, as do
the conditions under which they are measured. Squance and Brown (1944) estimate
a requirement of 13,3 gm proteln per hen-day for hybrid layers with diet energy
leveis of 1350 kecs ME/1b (2974 kes “E/kg). Ration protein levels in that experi-
ment (using colostomised hens) varied between 13 and 17%,

Novacek and Carlscn(1969), experimenting with a 9.4% proteir corn-soya
ration supplemented with lysine and methionine, found a rejuirement of 11.3 gm
protein per hen day for a 2 kg hen at 60% level of egg production.

Bray and Gesell (1961) found that a 60% egg production level was supported for
12 weeks from 31 weeks of age by a protein intake of oaly 7.5 gm per hen per day
on an 8% protein diet. This intake produced an output of only 32,7 gm egg per
hen day and the maximum egg output of 50.5 gm per day per hen vas reached om a
14% protein ration; consuming 16.7 gm protein per hen-day under a teamperature
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regime of %° P (24.4° ¢). These results shown graphed in Figure 3.3.3.

Under more normal temperature conditions, but as measured over only a 4 week
assay period, Thornton, Blaeylock and Moreng (1957) found that on a 15% protein
diet, birds required 14.2 gmn of protein per ben-day to reach an output of only
36.3 gn of egg per hen day, on a 61% egg production level, (See figure 3.3.3.)

From the variety of experimental conditions, the variation in estimates is
not unexpected. An increase in protein level of the diet from 12% to 18% wms
found to produce an increase in protein content of the egg of only 0.5% or less
than 1 gm/Gardner (1970)... This fact justifies the use of egg mass as an output
rather than egg protein.

As the laying phase mrogresses, pullets become less efficient at converting
food material into egg material = specifically, the utilization of ingested
protein is less efficient. It is for this reason that reduction in diet protein
levels = called Phase Feeding,will often result in a lower egg production unless
more than sufficient levels were fed initially. Thie condition of initial over-
supply of protein is a comnon occurrence and is the reason for the published
successes of phase feeding experiments. (Fisher 1965)

Restricted feeding methnds as used in the laying phase are discussed in the

following section.
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2.3

As early as 1939 the effects of a restricted feed intake on egg production
and egg weight were being studied. Quantitative restrictions, as discussed in
section 1.4 of this thesis (for grower rations), is more demanding from a labour
point of view (Hollands et al 1961), though Heywang (1939) experimented with this
method to try and establish input—output relationships between food intake and egg
production. He used 75% and 87.5% of ad 1lib feeding amounts and found that a 1%
reduction in input quantity resulted in a 2 to 2.5% reduction in output (egg
number per hen). His data implied an unbounded linear relationship between feed
input and egg output, but it appears likely that there is an increased rate of
production at low feed levels and & diminishing marginal product at feed levels
defining maximum egg number per hen.

Restricted feeding by letting the birds run out of feed occassionally, say
for several hours per day, (Summers et al (1970)) has had some success in
improving F C E and egg production. "Skip-a=day” restriction, where 24 to 39
consecutive hours per week were allowed with no feed, demressed egg production
with broiler-type laying birds (Pepper, Slinger, Summers and McConacile (1956)),
even though the scheme was commenced 2 weeks after the peak of egg production.

Phagse Feeding. This method of restricted feeding of layers has achieved
soze popularity in the United States. Fhase feeding is an attempt to reduce
protein intake during the later stages of egg production.

Scott e} 8l (1969) divided the laying season into 3 phases: from 22 to 42
weekn; from 42 weeks to 65% egg rroduction (about 62 week®); and thereafter.

They recommend (using isocaloric rations containing 1300 kes MB/1b. (2863 kos
ME/k3)) protein levels of 17.5%, 15.0% and 14.5% for the 3 phases.

pBlount (1968), working in Britain, was unable to agree with these revummwmi-
ations, which, under British conditions, introduced a risk of depressing egg
production and egg weight, Thus even though the feed costs were reduced, overall

egg revenue was reduced more,
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Summers et a1 (1970) recammand a similar programme, but placed emphasis
on the fact that the information should be used only as a guide., Not all
layers have the same requirements for protein, energy, and other nuirients =
thus it is not pnssible to suggest a programme to meet all situations. Other
factors of importance are : the season of the year, strain of bird, and level
of egg production.

The main reasons for reducing the protein intake are to reduce feed costs
and to reduce egg 3ize. The advantages of the first poini are obvious, but the
advantages of egg size reduction depends on the price received for different egg
grades. Extra large eggs in the latter stages of productiion are uneconomical
since no extra return is received for eggs laiger than the minimws speecification
for the large egg grade. Extra large eggs &are also more prone to cracking.

While realising that it 1s necessary to consider a phase reduction programme
on an individual flock basis, Sunmers et 8l (1970) provide the following phase
feeding guide: 17 gm protein intake per hen=day uatil 75 to 80% egg production is
reached; then a reduction to 15 gm per day until 65~70% production; then 13 gm
per day. For un average feed intake of 100 ga per day, this is equivalent to
17%, 15% and 13% diet protein levels,

Owings (1963 ) working wiih deep litter birds, lowered diet protein levels
from 17.,5% to 15,3% and 13.,3% six weeks after the peak of egg production and found
no effect on egg number, egg weight, hen body weight or egg quality, The FC E
appeared to be improved as well.

Peak egg production does not nescessarily place maximum demand en the
reproductive system. Egg mass as used by Blouni (1968) and Fisher (1965) may be
a more accurate biological criterion. For example, egg mass is less at 80% egg
mroduction x 1 oz., than 70% egg production x 3§ os.

Physical maturity of body size is also net reasghed until after the psak of
egg production, If egg mass production steys relatively constant until the end
of the laying period, the bird may edjust its own appetite and consume less feed
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once body developuent has ceased. Thus it may phase its oun feeding programme,
(Blount 1968).

Fisher (1965), as mentioned at the end of section 2,2, i8 in agreement with
the use of mass of egg product as a production criterion, and adds that the bird
uses diet protein less efficiently as the laying phase progresses.

Pisher and Morris (1966) studied this loss of efficiency in terms of gram-
protein intake per H D, and gran-egg weight output per H D. The 3 pbases
studied were:s 23 to 33 wueks; 33 to 48 weeks, and 48 to 63 wecks. Dlet levels
of 124, 14% and 163 protein were fed 1n all possible combinations over the 3
phases, Thae range of protefn Intzke wus 13 to 19 grase per H D, and the average
efficiency ratings for the 3 phases were: 2.2; 2.7, 2.3 gm egg produced per gm
protein intske per H D.

The early laying phuse is also cheracterised hy a higher requirement of
protein for growth of body tissues and growth and meintenance of feathers., This
amounts to a requirement of sbout 2 gm of protein per day mcre than that required
=fter growtl ceases. (Scott et al 1963)

Buist (1969) reviewed the phase feeding situation up to that pericd, but drew
no ccnclusions cs to whether or not phase feeding was profitable. There seemed,
to him, to be more reports in favour of ths method than sgringt. More systematie
profit comparisons need to be malZe before the advanteges and disadventages become
obvious,

Qualitative Restriction. There has been very little work done looking at the
profitability of low protein laying diets fed tlroughout, the iaying period.

It is well known that with some nutrients, notably celclum, low levels of diet
incluwaion encourage a greater efficlency of utilization of those particular nutrients.

Gardner (1970) reported that a reduction in diet protein levels from 18% to
12% only reduced the protein content of the egg from 11.5% to 11.0%.

This shows thal for a constant body protein maintemance, lower protein intake
levels are more efficiently utilized.
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The efficiency of protein or amino acid utilization dependes too, on the

quality of thu protein, and interaction with other dietary factors.

Li1lie and Denton (1967) found that where the cereals: barley, cats, wheat
and corn each provided 10%, 12.5% and 15% of the diet protein; where each was
the mejor cerezl ingredient (all diets isocaloric); then there were significant
cereal, &s well a8 protein, and cereal-by-protein interections, effects on egg
nunber and body weight gain.

As the diets were isoculoric, the different protein levels affected the
daily protein inteke per H D (which varied significsntly between 11 and 16 gm for
the bailey diets.)

These rations were fed tu cezged layirng btlrds throughout the laving phase,
thues there were no phase feeding effects, and btirds did have tinme to adjust
their body utilization mechanisms to a more efficient level. It is suspected
that there msy be a hormone-~cnzyme mechanism involved in this efiiciency
adjrstrent,

Increesing protein intuke lncreased egg production, body weight gain, food
ccngunption end gave a better F C L per duzen eggs jproduced.

Rauked cereal effecte on egg production (Lillie et 2l (1947)) regardless of
protein level were: oats, corn, whest and bexrley worst. The utilization and
digestion of the smino acids in the low protein diets may have hesn affected by
imbalance effects.

MeGinnis (1965) found that amino scid utilizetion was also affected by the
type of diet—carbohydrate and non~protein nitrogen presgent. Work done by McNab
and Shannon (197C) eupported this finding and also found that individual emino
acids varied as to the efficiency of their digestion and abscrption.

The above literature doss suggest that in some circunstances, laying birds can
adapt to lower protein intakes which are partly caused by the lower diet levels of
protein, The reductlon in cost of the ration, as well as the reduced food con=
sunptlion, while depressing egg production slightly, may cause an increase in
efficiency of utilisation such that overall profitability is increased.
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CHAPTER T™WO B (EXPERIMENTS)
Red Alms and Objects.

The laying trial (code named LT/19) wvas designed to evaluate the effect of
several planes of nutrition (as determined by protein levels) over the laying
period from 21 to 58 weeks of age.

All birds were fed the same rations up to 21 weeks of age. In designing
the experiments, the arrangement of the feed ingredients making up the various
rations wvas organised with the aim of fitting a production function to the
resulting data. It was then hoped that it would be possible to determine the
optimum ratio of ingredients in the layer ration using marginal price analysis.

In this respect the design was similar to that described by Heady and
Dillon (1961), which was also used in the design of the grower trial CN/50.

For similar reasons (see section 1,7) it was found that this design vas
unsuitable for such an analysis. A modified production analyeis was therefore
made on the results,

2.5 Experimental Design.

Rearer Ph : The stock were not selected for LT/19 until they were
housed in the laying batteries. They were reared on deep litter as part of the
Poultry Research Centre's 1969 major replacement population of 3,800 pullets.

Layer Phase: Both sides of one 3-tier battery unit were used. Food
troughs were subdivided into sections of 3 single bird cages for group feeding.
All nine birds (3 from each tier) received the same ration. This unit was
called a "tier group’. Each tier group was replicated at random within each of
the 4 blocks of the battery. Ome block occupied half the length of one side of
a battery. For statistical analysis, treatments and tiers were considered fixed,
and blocks random,

2.6 Rations.
All birds were fed the P.R.C. Starter~A and then Grower-A rations until 19

weeks of age when they were transferred to the layer shed.
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Appendix II, Table 1 shows the ingredient composition of the grower ration.
Using ingredient costs as at Fehtruary, 1969, this ration cost $76.20 per ton
(delivered in bulk).

Birds were fed the normal P.R.C. layer ration (see Appendix I, table 3)
for the first 2 weeks after transfer to the laying shed (19 to 21 weeks of age)
to allow a settling period on a good quality ration.

There were 1, treatment rations (labelled 19/1 to 19/14) fed over the
period 21 to 58 weeks of age. The diets were made up of 4 main fractions:

(1) A barleymeal fraction which made up 79% of ration 19/1 and vas
decreased in steps of 3% to reach 40% of the 14th ration (19/14).

(2) A pollard fraction ranging from 5% in ration 19/1 to 34.9% in
ration 19/14 in steps of 2.3%.

(3) A meatmeal fraction ranging from 2% in ration 19/1 to 11.1% in
ration 19/14 in steps of 0.7%.

(4) A basal fraction which supplied some of the protein together with
the bird's requirements for vitamins and minerals. This fraction

made up 14% of every ration.

All mashes fed were coarse ground. They were mixed by a local feed mill
and ordered in batches with sufficient quantities to last about 4 weeks.

(400 1b, per ration). Rations were stored in labelled 100 1lb.<bins in the
cage shed. The rations were purchased in sacks (which increased the cost by
$3 per ton) because of the small quantities involved.

After arrival, samples of each ration were taken and analysed for Kjeldhal
nitrogen %, ash %, moisture % and some for crude fat ¥ (by ether extraction).
These figures (all on an air<dry basis) are given in Table 2.6.1 on page 59,
together with the ¥ ingredient composition of each ration.



19/1
Barleymeal .0
Pollard 5.0
Meatmeal 2,0
Lucerneneal 4.0
Buttermilk Powder 1.0
Limeatone 5.0
Bonemeal 3.5
Iodised Salt 0. 25
Vit. Min, Suppl. * 0425
Total - 100

Cost per ton (Bulk)($) 59.50
Kjeldhal protein 1.6
Calculated protein ** 11.8
Energy (Kes M B/1b) 1098

Bnargy (Kes M B/kg) 217
Cal/Protein ratio 93
Protein/Megacal.ratio 10.8
Calciua 3.16
Phosphorus 0.93
Ash 9.4
Moisture 11.0
Ether extract -

19/2

76.0
7.3
2.7
4.0
1.0
5.0
3.5
0.25
0.25
100

59.65
1.8
12,2
1098
2418
90
11,1
3.22
0.96
845
11,8
2,5

19/3

73.0
9.6
3.4
4.0
1.0
540
3.5
0.25
0.25
100

59,81
12.1
126
1099
219
87
1.5
3.29
1.00
6.7
11.9

19/4 19/5
70,0 67.0
11,9 14.2
4L 4.8
4.0 4.0
1.0 1.0
5.0 5.0
3.5 3.5
0.25 0.25
0.25 0.25
100 100
59,96 60.12
2.4 12,8
13.0 13.3
1099 1099
%20 %A
85 83
11.8 2.1
3.35 3.4
1,05 1.08
1.1 9.8
1,2 1.0
2,8 -

19/6
64.0
16.5
5¢5
4.0
1.0
5.0
35

0.25
0425

100

60, 27

131
13.7
1100
2422
80
12,5
3.47
1.12
642
1.4

19/7
61.0
18.8
6.2
4.0
1.0
5.0
3.5
0: %
0425
100

60.42
14.0
14,1
1100
2473
78
12.8
3.53
1.15
8.6
111
2.9

19/8
58.0
it
6.9
4.0
1.0
5.0
345
0. 25
0.25
100

60. 58
14.2
4.4
1100
2424
76
13.2
3.59
1.19
8.8
10.3
2.5

60.73
14,1
14.8
10

74
13.5
3.65
1.3
9.9
10.5

19/10 19/11

52.0
25.7
8.3
4.0
1.0
5.0
3.5
0.25
0. 25
100

60,88
14.6
15,2
101
24,2%
T
129
3.72
1.27
12,4
11,3

2.0

28,0
9.0
4.0
1.0
5.0
%
0e25
0s25
100

61.04
15.6
15.6
1102
2427
T
1441
3.78
1.30
12,1
10.4

19/12

46,0

30.3
9.7
4.0
1.6

5.0
3.5
0e 25
0475
100

61.19
15.6
15.9
1102
2428
69
14.5
3.8

T34
1T

10.2

» Composition of the vitamin - mineral supplement is shown in Appendix I, table 1.

A Values used in computation of calculated protein are shown in Appendix I, table 2.

19/13
43.0
32.6
1044
4.0
1.0
5.0
3.5
0. 25
0.25
100

61.35
15.8
16.3
1102

229

14.7
3.91
1.38
M4
1042

19/14
40.0
34.9
11,1
4.0
1.0
5.0
3.5
0425
0.25
100

61.50
16.3
1647
1103

2430

15,2
3.95
142
12.9
9.5
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Calculated analyses for protein, metabolisable energy, calcium, phosphorus,
Calorie/Protein ratio and Protein/Megacalorie ratio are also given in Table 2.6.1,
These calculated figures are based on information from published tables except
for protein values which were estimated from previous analyses of similar
ingredients analysed in the laboratory,

Price per ton delivered in bulk (also given in Table 2.,6.1) is based on
ingredient costs at the time of formulation (February, 1969).

27 Mate, K .

General. The stock used were strain cross White Leghorn pullets from the
P.R.C. White Base A strain. The birds were identified by wingbands attached
after sexing, and housed in pens of about 400 birds each on deep litter in a
semi-controlled environment brooder-rearer shed.

In the laying shed, pullets were housed at 19 weeks of age, one per 11 inch
cage, in a 3-tiered, 504-cage battery (Cope and Cope Ltd., England). There were
9 birds per replicate tier—group, and 4 replicates per treatment. (504 birds in
all). The test period in the laying shed wes for 9, 28 day periods.

Heating. Brooder heating to 4 weeks of age wvas provided by infra-red strip
heaters. The initial brooding temperature (95° F) was lowered gradually to
achieve a 70° F house temperature by 4 weeks of age. A diesel heater (output
rated at 250,0C0 B.T.U. per hour) in the layer shed, was thermostatically
triggered at temperatures below 55° F.

Lighting. The lighting sy=stem was a 10 hours constant light for the first
19 weeks. Fourteen hours constant light prevailed in the laying shed.

Intensity was controlled by a dimmer device to about 0.3 lux at floor level
in the groving phase and a minimun of 5 lux, measured at the food trough level of
the niddle tier at a point midway between two lights, in the laying shed.

2.8 Measurements.

Body Weight. The pullets wvare weighed individually at 22 weeks and 58 weeks

to provide information on gain during the laying period. A "Salter" spring
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balance was used (No.60 M Mark II; 60 1b. in 0.1 1lb, units).

Food Consumption, Food was weighed into each 3-cage compartment at least
twice a week throughout the experimental period. Some of the more bulky rations
(high pollard) needed more frequent filling. Once every 4 weeks, refusals weTe
weighed back and 4-weekly food consumption calculated. A "Salter" ("Duet" model)
scale was used (weighing up to 10 1b. in 1 osz. units).

Mortality. All deaths or obviously sick birds were sent to Dr. Pohl for
diagnosis. A coded information sheet accompanied all birds sent for diagnosis,
Initial clinical symptoms were entered on this sheet by the shed technicians,

The sheet was later returned by Dr. Pohl with a diagnosis attached.

Egg Number. A movable indicator attached to each cage enabled individual
egg records to be cumnulated for a 14 day period. This record was then trans-
ferred to a card and the indicator zeroed.

Egp Quality and Weight. A single 3-day collection of eggs was made after
the 34th week of lay (56 weeks of age). A breakout was carried out to determine
yolk colowr, meat and bloodspot incidence and size, and albumin height.

Haugh unit values were subsequently derived using individual egg weights
and albumin heights with a circular normograph.

2.9 Rgeults.

Body Weight. Treatment means for body weights at the beginning and end of
the trial (22 and 58 weeks age) are given in Table 2,9.1 with weight gains.
Apalyeis of variance was carried out to detect differences in body weight gain
between treatments, tiers and tier by treatment interactions, see Appendix II,

table 2, There were no significant differences or interactions.



Table 2.9.1 °

Initial (22 wks.) and final (58 ulm.) body weights

Ration Initial B.W.(1b,) Final B.W.(1lb.) Gain (1b.)
1 3.39 4.27 0.88
2 3.40 4.15 0.75
3 3.9 4,10 0.81
4 3.53 4.3 0.78
5 3.34 4.07 0.73
6 3.28 4.1 0.83
7 3.28 4.18 0.90
8 3.3 4.11 0.80
9 3.4 4.04 0.90

10 3.19 391 0672
1" 3.33 4.16 0.83
12 3.30 4e22 0.92
13 3.25 4.07 0.82
14 3.28 4.06 0.78

The 54 M S D level for weight gain was 0.23 1b., There were no visible
trends towardsy a greater weight gain over the laying period for birds on the
high protein rations.

Food Consumption. Results were considered in the form of hen-day (H D)
food comsumption, which allowed provision for birds dying during the period over
which food consumption was measured.

Data was analysed on the basis of H D food consumption per bird per day for
the whole of the laying periode (See Appendix II, tahle 3). The mean food
consumption per bird for the period of the trial for each ration is showmn in
Table 2.9.2,
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Table 2,9.2,

H D Food Consumption per bird per treatment for the 36 week
laying period.

Ration Consumption (1b. ) Ration Consunmption (1b.)
1 70.22 8 68.02
2 68.99 9 69.91
3 67.83 10 67.66
4 68,02 11 69.66
5 66.63 12 72.07
6 68.82 13 71.61
7 70.33 14 69.93

There were NS differences in H D food consumption, thus the birds consumed
similar amounts of their different rations, and gained a similar amount in body
weight over the experimental period.

Mortality. At 30 weeks of age, after 9 weeks of lay, 17 non-layers were
culled. Apart from this, some 14 birds (2,8%) died over the period of the trial.
Details of the martality are shown in Appendix II, table 4.

There were no significant differences in mortality and non-layer incidence
as between rations. (Table 5, Appendix II)

Egg Number. Results were analysed on a Hen-housed (H.H.) basis (number of
pullets present at 22 weeks of age) and a H D basis (see Appendix II, table 6 and
7).

Analyeis of variance for H H and H D egg number gave non significant treatment,
or tier, or tier-by-treatment effects.

The 5% M.S.D. level for B H egg number was 57 eggs, which is a reflection of
the large variation in mortalities betwean treatments. On a H D basis, 17 eggs

was the M S D between treatments (5% level). This is a good example of the reason

vhy egg production is uwsually quoted on a hen=day basis for experimental purposes
vhere numbers of birds per treatment may not be high,
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Results are presented below in the form : H H, H D and H D% egg production

for the different treatments (in Table 2.9.3.).

Thus despite the 5% range in protein levels between the rations (making a

$2 per ton difference in mash price per ton, birds consumed similar amounts,

gained a similar amount in body weight, and laid a similar number of eggs.

Egg Production/bird from 22-58 weeks of Age.

H Df Egg
Number

Ration

-

O VW W8 N &6o& n & w N

- e e
w pnp =

4

Table 2.9.30

H H Rgg
Number

155.2
154.5
155.1
159.3
146.0
148.0
156.7
149.3
154.3
155.5
154.7
144 .6
162.8
155.4

H D Egg
Number

158.5
15445
156.2
163.0
159.6
155.0
162.7
155.8
159.6
162.7
160.6
154.1
162.8
160.9

62.9
61.3
62,0
64.7
63.4
61.9
64.6
61.8
63.4
64.6
63.7
61.2
64.6
63.8

Egg Quality and Weight. Yolk colour, Haugh Unit Values and Meat and Blood

spot incidence were all satisfactory from an egg quality point of viev.

The

egg weight averages for this sample all fell within the range of Standard grade

eggs (55 to 57.5 gm. ).

These results are presented in Table 2,9.4 on page 65,



Table 2 .9 .‘.

Egg Weight and Egg Quality measurements per treatment
made on samples taken for breakout at 56 weeks of age.

Ration Egg Weight. Yolk Haugh Msat and Blood
gm. ) Colour Units Spots (%)
("Roche" Col-
our fan)
1 56.38 7e2 T7.8 2
2 55.45 7.5 78.6 2
3 56.91 7.2 8.5 4
4 56.48 7.2 78.8 2
5 56.37 7.3 78,1 0
6 56.88 7.5 T7.9 4
7 56456 7.2 .4 0]
8 56.94 7.6 78.5 4
9 57.41 73 .4 2
10 5557 7.0 78.0 0
n 54496 7.0 77.2 2
12 56.84 7.0 79.3 2
13 56. 59 7.1 80.2 2
14 57.26 7.2 80.4 4
2,10 Discussion.

There are several possible explanations for the lack of variation in response
to the varying planes of nutrition used in this experiment.

There is the possibility that the lowest plane (11.8% protein) was providing
sufficient for a protein intake optimal for egg production, and that all higher
protein levels were surplus to the requirements of the hen,

The possibility that an increased efficiency of utilization occurred on the
lower protein intales i1s another explanation.



It may be that a similar experiment carried out on birds which had had
less than an optimum rearing management and indeed leying management, would have
showed a production depression at the lower protein levels.

When dealing with living biological entities such as poultry, the inherent
flexibility of the bird to carry out its potential productive functions under a
variety of nutritional and environmental situations, should not be surprising.
An increased sensitivity of response could be expected for younger birds, as was
seen in CN/50 for a similar range of protein levels.,

This serves to introduce the most likely reason for lack of response in this
trial; that the protein levels were not low enough to cause a depression in
production,

This is illustrated more graphically in Chapter 3 where production response

curves are dealt with in more detail.
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CHAPTER TIMEE

ECONC{IC ANALYTID OF RLTIOXS FOR LAYER POPRIIATICNS,

Ba 1 Outline of the economic model and the role of the
production function.
3.17.17  Introduction.

It is of benefit to outline a generalised approach to the eponomic
anulysis of animal production problems. Initially there must be a description
of the jwroduction cituation of interest; this involves detail of the framework
of production and the variables under oncrational control. « statement of the
econonic problem associated with the production set-up lcads to the specification
of the ccononic model to be used. 'This will show the scope encompassed by the
model - whetier it is, for example, to be a batch or whole farm model. Once
this is estublished, the objective function most aporopriste to the situation
is chosen. The role of production tunctions in the inodel for economic anclysis
is simply that they orovide a matnemnatical descripntion of the physicul product-
ion processes involved. The 2im then is to manipulate the conlrol variables
in the economic model so as to optimise the anpropriate objective function.

3.1.2 Review of some economic models in aninnl production.

Heady and Dillon (1961) presented a number of simple economic models of
animal production. These models emphasised feed input/animal output relation-
ships and pgave only limited consideration to the question of the appropriate
economic objective function., Least-time feed inputs or maximuwn profit per
animal were the criteria most commonly considered. For example, Chapter Ten of
their text concerns broiler production. Broiler liveweight gain is expressed
as a function of cormmeal and soyabean meal intake., Least-cost rations for
different cornmeal and soyabean meal price ratios are presented, though Touwnsley
(1969) has criticised the requirement that least~cost rations must necessarily

follow the expansion path. Broiler weights that maximised profit per bird for
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different product and feed prices were presented. The question of the optimum
batch number was briefly considered for broiler production.

Brown and ..rscott (1960) also considered the production franework of
broiler meat production cnd recognised that broiler chickens are grown in
batches either to a certain nverape live-weipght, or for a certain time period.
This concept led Brown :nd \rscott to form an obLjcctive function for mnaxim
profit per mit tine,

A second major achievement of these workers uves the inclusion, in a least~
cost ration linear arograriing model, of anim:l response inform:ition derived
from a production function. They realised that the least-cost ration did not
allow for the bioloricul rezponse of the aninznl to different levels of inputs,
Animal responce for any lecst—cost ration Tormulotion wes wredicted by reference
tc a production function with nutrient (protein .nd energy) intakes as the
independent variables. "he comion form of lewst—cost llne:xr programiing
minimices the cost of satisfyling stated nutriont recuiremente for sone given
bulk (weight) of feed, Ilowever, ration consunption may be an importsnt component
of profit in animal production situatione, and under ad libitum feeding this level
is uncontrolleble for any given ration. Brown 21l Arscott therefore renlaced
the common bulk constraint in the least-—cost linear programme with a consumption
function that predicted snimal intcke, over some specified time period, as a
function of protein and energy levels in the ration. The economic model wes then
manipulated to derive rations that maximised profit per unit time for different
production periods,

A consumption function predicting ad 1libitum feed intake is an important
part of animal production models. The amount of feed consumed contributes to
feed costs as well as the cost per lb. of a ration. Almo, predicted feed
intake must be restricted to being less than or equal to the ad libitum rate in
any model of animal production.

Dent (1964) apparently failed to recognise the need to include such a
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consumption function in the analysis of his experiments on pig meat production.
Dent deliberately limited his objective function by selecting a specific level
of performance (in terms of average pig weight gain per day and total weight
gain) and minimised feed cost for this level of serformance, Thus his
objective function was to maximise profit per animal for a fixed level of
perfornance. This implies 2 fixed oroduction period and does not consider the
time concepts raised by Brown and Arccott (1960).

Townsley (1968, 1969) formuloted » quadratic prosraiming model designed to
identify a ranpe of economically efficient rations for pig production, The
model relates to a specified overzll weisht r2in for »igs fed ad 1ib. but selects
the least—cost ration for any nuvher of feasible average dailly rates of live-
welght pain. In this way least-cost, least-tine or maxirum profit per unit
time rations can be identified.  This model renuires that average daily live-
weight gain be a quadratic function of nmuirient intekes and that ad 1ib., feed
consunption be & linear furetion of mutrient intakes, ' here these two
conditions are not met, generanlised non-liienr progranring =methods or the
method described by Jent (1964), neine linear prosramming, could be used (with
the proviso thet an intcle function be included in the production model).

Dent and Casey (1967) and Powell and Dent (1962) discurs some other
modifications of the least—cost linear mrorramning medels such as relaxation
of the common bulk constreint. Such modifications are limited by thelr failure

to recognise the importance of an Intake or consumption function,

Production functions have been menticned in the previous two sections -
presenting them as a tool for use within a model for economic analysis of live-
stock rations. Henderson and Quandt (1958)* give the following definition of

a production function :=

¥ Henderson J.41., R.E.Quandt. "icroeconomic Theory."

Pe42. McGraw=Hill Book Co., N.Y. 1958.
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"a production function 1s a mathematical expression
for the relationship between quantities of inputs
used, and quantity of output produced."

A production function sunrarises infarmation on the technical process of
production, enabling an output level to he predicted, given the number and
level of inputs on which the output is dependent. A oroduction function can
most generally be written :

¥ s f (x1, ceeea, xn)
where output (Y) is a mathematical function (f) of various inputs (}Ll to Xn)'

The method of regression analysis is suited to the actimation of production
function coefficients., rredictions can then be made from the estinated
function. There are three factors to consider when carrying out such a
regression analysis: the choice of veriables among which the relationship is
sunposed to exist:; the mathematicnl fora of Lhie model; and the type of estimat-
ing procedure to use. The aix being to obt:=in as accurate a description of the
actual production process as it noseible. The iethod of Least Dquares
Regression (L & R)(Unedccor and Sochren 1957) is usuully chosen s the procedure
providing the qost accurate eswimation of output ( ? ) with the leust varisnce
and bias, Cochran and Cox (1757) discuss the suitability of the L 8 R method
of production function estimation for response research.

Production function estimation requires & particuler type of experimentel
design where it is Important to provide a sufficient nunber and spread of treat-
ments so as to enable the continuous nature of the animal response to be measured,
(Heady and Dillon (1961) page 147). This means that where funds for research
are limited, there could be some sacrifice in statistlcal requirements for
replication. /i balance between number of treatments and number of replications
per treatment must be reached. Williams and 3aker (1968) compare the production
function approach with factoriel designs, while Anderson and Dillon (1968)
illustrate an argument for response research on the basis of economic consider-

atiouns.
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The control variables decided upon for the production function inputs,
(}(1 to Xn) are assumed to be alterable in a continuous fashilon over some range
of levels for each control variable., This continuity assumption is necessary
if calculus methods are to be used in the =znolyr-is of @n economic model based
on technical production functions,.
Problems in the aethods of ectimation of woduction Tunctions in livestock

feeding involve those of autocorrelation in successive observations on the same

eninel (.nderson 1952); biologic il veristiion inm the exnerimentsl animals and in
the ingredients used for the rution foraulation, snd inteoractions Ywetween these

two latter factors causing unpredictable eclicnges in int:ole with dilferent foods

and aninzle, the metiiods of estination of aoduction functions in the presence
of these difficulties is described by Cochran :nd Cox (175 eady ct al (1961),

Duloy ond Dattere (1.07), 3illen (1f end Tuller (1065).

sarly work with production finictions (estiruted by least equares regreczion
(L5 R) analysis) dealt with varying element: 1 levels in fertilizers, and
measured the response of plant growth. eCaxrthy (1759) wed increasing fertil-

izer levels with neacured barley responce, & cinilar exnmple being chosen by
Throsby (19G1) in a clear illustration of the nethod used for fitting a »roduct-
ion function to evperinent-] data,

.dost of the recent work in tiie Tield of :niiwal >roluction functions has
been carricd out with pig live weight gain, Townsley (1963) derived a
wheysaeal function for pigs; Dent (1964) and Dent et al (1966) using the
nutrient approach with protein and energy intakes of bacon pigs; the latter
incorporating a least cost programme.

Townsley (1969) looked critically at all the previous methods, and advanced
a quadratic programming model for pig rations in an attempt to allow for the
situations unaccounted for by many of the previous workers. Statistical

estimating procedures advenced by Fuller (1968) were also illustrated in this
Studyo
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Choice of the control variables must be carefully made from the range of

aninal genotypes and environments available. In practical research situations,
the choice of variables is usually limited by the expense of different types of
equipnent and the labour involved in measurements. lwith most nutrition studies,
the control variables are the feedstuff ingredients of the ration. However
where the choice of feedstuffs is large, estimution of a production in terms of
the intoke of individual feedstuffs is impractical and snother approach is used.
iach feedstulf is made up of certain nutrients which are the chemnicals uced by
the animals 1n the synthesis of the output product being measured. The two
nutrients usually considered as functional inputs are protein znd energy =

these nutrients being provided by each individual feedstuff in the ratiou.

The nutrient approach places reliance upon the chemical analysis of ingredients
for these nutrients. It is generally recognised taat therc -re many problems
involved with this approach concerned with how the chemical analyses reflect the
biological value of the relevant nuirients, It should be realised that most of
these problems also arise with the use of ingredients as inputs (uwhere these are
few) because of the variation present in the nulrient content of different
sanples of a given feedstuff, [For example, analyses carried at the Foultry
Research Centre (1968) on crude protein levels of barley in the ifanawatu, showed
a range of 8.5% to 12% for five samples.

The feedstuff approach does avoid problems such as variation in amino acid
patterns which exist within any crude mrotein determination. For example, the
amino acid pattern i1s different for protein from the sources barley and meatmeal.
Anwar's (1970) suggestion for the use of Gross Protein Value Units may lead to
a solution of this problem. 4An index made up of amino acid levels weighted for
usefulness may be an alternative. Brown and Arscott (1960), Dent (1964) and
Townsley (1969) all made some attempt to solve this problem by placing constraints
on the amino acid composition of the ration as a whole. The use of Metabolisable

Bnergy (M E) as an energy unit has many advantages over Gross knergy or Productive
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Energy, but there are still problems associated with its method of determination.
At the Poultry Research Centre, experiments have shown that feedstuff M E values
serve only as a guide to overall ration energy values.

A solution to the problem of inaccuracy of estimation of the production
function caused by nutrient variation awaits the testing of models which have
been estimated by both apyroaches. For the economic models so far described
to have any practical relevence, it is necessary to be sure that the feed mixes
designed to meet the optimum nutrient specifications, will match the level of
performance predicted by the production function, &n introductory study to
test a pig meat model was carried out by Dent and English (1966) and more
recently by Dent, English and Raeburn (1969) who tested « regression model
previously estimated by Dent, Bleir, knglish snd Rueburn (1970). These experi-
ments introduced the concept of response to a graded intuke of an amino acid
(1ysine) as shown by live weight gain and lean meat production of pigs. Protein
and Total Digestible Nutriente (T D N) were also considered as input variables in
regression equations, but the work still lacked the inclusion of an intake or
consumption function which left open the question of which method of feeding was
used: ad 1ib., or controlled.

No definite conclusionc were drawm from the experiments of Dent et al (1969)
which looked at the feasibility of basing pig feeding systems on nutrient ratios
without reference to ingredient composition as part of the testing of the
regreseion model set up by Dent et al (1970). There were no significant diff-
erences between ingredients for equivalent nutrients were lysine and energy
substituted for three different rates of live weight gains over three growth
stages, However the results did show that any change in diet during any of the
growth stages, reduced the rate of live weight gain.

The initial requirement for a nutrient approach was necessary because of
the large number of alternative feedstuffs usually included in any least-cost

feed mix programme, It is suggested that if a least cost ration is derived,
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then it might be useful to then consider the main ingredients of the solution
as inputs in a production function-type experiment. This idea was used in the

design of rations for trials CX/50 and LT/19 and is discussed in section 3.2.2.

3.2 Lconomic models for analysis of rations for lsayer ations.

3.2.1 Review of economic analysis of layer rations.
Production functions in the field of poultry science have been mainly

confined to the broiler field (Brown and Arscott 1960, Heady et al 1961, lleady,
Balloun and Townsley 1966), but there is some earlier work published on the
layer situation,

ileywzng (1939) derived a linear function for food intake and egg number
output based on experiments with quantitative food restriction. This experiment
Lhas been discussed reviously (Pape 53).

Hanson (1949) used laying trial results to derive a linear function which he
suspected may indicate diminishing returns of egg number output to feed intake at
higher, and then undetermined, food intake levels., He drew attention to the
nroblems associated with the difference between live weight gain functions and
continuously-produced-product functions such as milk or egg¢s. He noted that :

"diminishing returns for continuous flow outputs are not
clearly visible because of the flexible nature of biolo-
gical (processing) machines. Egps and milk are both
secretory products of the reproductive system."
(Hanson & ghell (1952)).
The parallel between eggs and milk production output was taken from Brody

(1945) who stated that the :

"energetic efficiency is the same for milk and egg
production. The maintenance fraction of the diet

is higher for hens than for cows, thus any restriction
of feed should have a more significant effect with
hens, than with cows",
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Heady (1966) and Heady and Brown (1961) also discuss and derive production
functions using an output measure in terms of egg number. lHeady and Brown
(1961) fitted a power-form function for white Leghorn and '"hybrids".
Heady (1966) introduced production functions and other econometric
techniques to the modern poultiry industry at a 3ritish Egg Marketing Symposiunm,
He presented the framework of & production function :

y = f(x1, eeoe s x?)

ory = f(xi);i E 1, w3
vhere y = epg production
i1 = 1 to e : ration constituents
i = (e + 1) ton : vuriable costs e.g. labour.
i = (n+1) tor : strains of hen used.
i = (r+1)toz: fived costs o different building types.

—mphasis was placed on the need for -iore research into the use of
econometric technijues with poultry.

Tonkinson et al (1965) (ot Oklohoma State University), wviile realising the
interpretation problens associated with the nutrieat inputl asproach, ectinated
three quadratic functions in terms of input levels of protein (gran=intake per

hen~day (1l D)) and energy (M L intake per il D) :

Yi = Ig (x.‘, x2)

5
@
o]
o
-
n

1 mroduction response, where 1 = 1, 2, 3,
Y, = body weight gain in the laying period (gum).
Y, = egg nuaber (H D).
¥; = average ege weight (gm).
protein intake.

M
0

energy intake.

The L S R method produced the following functions
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A ® t 2 2

Y, = =1134.91 + 2289, + 41,47, = 0,197y X, + 0.235x, = 0.203x, (gn).
A -4 it 43¢ 2 2

Y2 = =205.67 + 22.49x1 + 10.15x2 + 0.03311 X = O.673x1 - O.156K2 (ecgs).
A o 2 2

Y3 5 49.42 + 1,079%x) = 0ehTx, + 0.0009%; X, = 0.029x, + 0.011x, (gm).

*  indicates that the estimated coefficient is
significantly different from zero at the 5%
level - the level of significance of the
paraneter sum of squares as they affect the
respective production responses.

## 1% level of significunce.

Levels of daily protein and ensergy intake for maximum egg production and
egg weight (160 eggs at 55 gm. each for a 196 doy period (827 H D egp woduetion))
were found by derivation to be 16.6 gm. protein and 341 kes per H D. These
levels corresponded closely to nutrient stondard levels set up by the Oklahoma
University.

The isoquarts for epg number, and the isoquant for zero body weight gain
as derived by Tonkinson et 21 (1965) sre scen in Figure 3.2.1.

The range of protein intake necessary for 76 production (150 eggs on
Figure 3.2.1) is 13 to 22 gm per H D, which would be easily within the possibil—
ities of most practical layer rations. This would represent a minimum level of
13% protein in a ration for a 100 gm per H D intake of food.

The data used in this analysis came from an experiment investigating the
effects of protein, energy, and bulk density factors on physiological intake
factors in the hen (Gleaves et al 1965). The experiment was a 3 x 3 x 3
factorial design with three levels each of protein, energy and bulk density
(these latter changes being effected by additions of polyethylene fluff and sand).
It was not clear vhether the unusual experimental nature of these rations
(caused by the inclusion of the inert substances) affected the intake of the
factors being considered by Tonkinson gt al (1965).
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(1965). Poult. Sei. 47 (1), 32-38 (1968).
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Fisher (1965) examined already existing data from many different sources
in an attempt to find the optimum ilevel of daily protein intake per hen, for
an optimum cutput of egg mecs per day. He found many sources of variation
between breed and strain, housing type, temperature, environment and disease
level, and interactions between these., Realising the importance of economic
considerations, he attempted a marginul price analysis equoting the marginal
cost of the protein with the marginel cost of ege output. There were no
definite conclusions draun because of the lack of sufficient data from any
consistent source. The effect of age on rerponse was concidered important.
Thus for any cet of environmentsl conditions ond zny one strain of bhird, the
optimum level of protein intake chonped with age. This is related to tlhe
efficiency of protein utilization, and is discursed in Chapter 2, page 55.

Ficher and lorris (1969) and iirher, librric and Jennings (1970) looked at
response curves for methionine int:ke in terms of egg mass output per day as
part of a study on amino acid reguirements. The model :

E = (/a)( 1 T=-bW)
wiere § = epg output per day per hen (gms).
4E T = methionine intake per H D (mg).
W = body weight (gm).

b W = Jfaintenance requirement of methionine.

a methionine requirement per gram of egg.

This model was directly related "to a simple biological concept" (unstated)
and "produces simulated observations which are remarkably like those obtained in
real experiments". Velues of 4 mg. for "a" and 0,025 mg. per gm of body weight
for "b", gave "E" values comparing well with the experimental data, (Fisher
1970 Personal Communication). For cach bird, E increased as a linear function
of MET ﬁnti} a value Emax was reached, representing the maximum potential of

that hen. Further increases in methionine input were assumed neither to increase
or decrease the yleld. (Fisher 1970).
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Difficulties were experienced with determination of lewvels of methionine,
a Streptococcus zymogenes bloassay being used. The function relies on a
normally distributed egg output which is only strictly true for flocks of young
pullets laying at a high rate.
No economic analysis was attempted on this function, insufficient continuous

data being available for use of calculus methods.

3.2.2 A model for the economic anulysis of layer rations.
The production process involved in epg production is a continuous output

situation similar to milk production. It involves the intske of nutrients by
the hen in the form of a mixture of feedstuffs, and the output of natcriol in
the forn of eggs of various weights, quality and nunber - depending on the
adequacy of nutrient supply from the ration, other environicntol physiological
and mznagement factors, as well as the genetic potentisl of the hen for egg
production,

The laying bird is non-productive ior the first 18 to 24 weeks of age, and
then it commences to lay : firstly the eggs are poor In junlity, small in size
and few in number, but there is a rupid improvenent in 211 these facltors under
good management conditions.

Because the poultry farmer must decide at least 20 weeks in advance when he
will replace a laying population, and also because the level of egg production
usually falls more rapidly after 12 months of lay, the time period for egg product~
ion can be considered to be relatively inflexible at 12 months,

This means that the batch length of the model can be considered fixed, and
the object 1s thus to maximise profit per hem per year.

The controllable variables in egg mroduction include : age at sexual
maturity; strain of hen used; type of buillding used; type of housing system within
the building; number of birds per shed, and per cage, or per pem, or per unit
floor area; temperature of the shéd; relative humidity and other enviranmental
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varlables, and feed factors. Feed factors could include nutrient composition
of the ration; the ingredients and their levels used to achieve any given
nutrient composition; the level of feed intake and viriation in the nutrient
and/or ingredient composition of the ration offered during the production period,

Because feed costs represent such a high proportion of the total costs on a
poultry ferm, it was decided to consider feed factors as control variables.

The next step was the formation of the economic model. Income is derived
from the sale of egps and the cull hen at the end of the laying season. There
is a steady output of eggs over a certain time period, and the size of these
erpgs gradually increases with time. The rate of increase zand the eventual size
being determined by factors discussed in Chapters One and Two.

The physical product which determines egg revenue is 2 combination of
weight of output within certain ego pgrades, and aumbers of egps., Neither one of
these factors c.n be considered vlone because the present price structure for
eggs is determined through numbers within eech prade, or nuabers of eggs making
one dozen egis of a certaln weight. Grade I1tself is a function of egg quality
as well as egg welight, and the price within cach ;rade chunges throughout the
calendur year in response to the supply from the nationel flock. ilowever,
fluctuations in egg prices can be considered exogenous (uncontrollable) from the
individual producer's viewpoint,

Egg revenue per hen for the t=th price period, (i.e. some period of time
over which egg prices paid to producers' remain stable), for a hen on the j~th

ration treatment, is given by 3

5
Rjt = ((Z Pi Gij ) NJ ) t [ ] [ ] [ [ ] ° ° (1)
i=1
vhere P1 = The price received per egg for eggs in the t-th
period. (1 =1 to 5, see Appendix I (¢) ).
Gid = the proportion of eggs laid during the t~th
period that are in the i-th grade.
Nj = the total number of eggs lald during the t~th

period, measured on a hen-day basis,



8o
Nj i1s based on a hen-day figure so that mortality differences between
treatments, hypothesised not to be treatment effects, will not blas the revenue
function. Depending on the statistical significance of the growth depressing
and "stress" effect of a ration, level of mortality may or may not need to be
considered as part of the revenue function. In the case where treatment
significantly affects mortality, the Nj may be considered on a hen<housed basis,
(Appendix I (d) explains the derivation of hen-=day and hen-housed egg production).

Total egg revenue per hen from the j=th ration treatment is given by
Ro = Z Ro L] L] . L] L] L] L) > [ ] [ ] 2
’ " (2)

where Rj t is summed over the number of "price periods" that occur during a

production rum.

Income from cull hens at the end of the productive period is a function of
their final live weight, and the price per lb. With the advent of broiler
production in New Zealand, this price has dropped considerably, and only 15 cents
per 1lb,. was received for hens in the experiments reported in this thesis.

Cull Hen ilevenue = P U

b "bj

where I = price per lb. live weight (15¢.)

wbj = 1live weight per hen at end of lay for the j=th treatment.

There is an increasing trend in poultry btreeding to select for a high pro-
ducing layer with a smnall body weight. These birds have a reduced fuod require-
ment for body growth and maintenance, but produce a lighter weight hen at the end
of the luying period, thus reducing revenue from this source.

A simplification of the variable costs incwrred during the life of the laying
hen can consider feced cost alone, as this is the major veriable cost to the
farmer., The food cost is given by 3

P = ° ° ° . ° . .
R PY, + P Y (3)



vhere P, Y = The total cost of food consumed in the growing
and laying period for the j=th treatment.
(period hen-day basis).

Pg = price per lb, of the grower ration.
- " " 1" n n n

Pl = layer

Yg = total consuaption (1b.) of the grower ration.
-— n v 11 n i 1

Yl = leyer

Thus profit per hen per year for the j=th treatment can be stated :

Zj = Rj + Pb wbj - Pj Yj ° ° . . . . ° (4)

Now that the profit function is established, it requires study to see where
production function analysis can 2ssist in the economic evaluation of rations
associated with the function. It is emphasised that the jroduction function
apnroach is from the physical aspect only, the advantage being that physiceal
responses need only be established once, to fit in with any set of factor-product
prices.

The physiczl outputs that contribute to the profit function, and may thus
have production functions usefully estimated for them are 3 Gi’ i, wb,Yg,Yl.

The measwrable quantities represented by these symbols can cach be regurded as a
function of the varisble inputs considered. Attention must then be paid to
several factors : firstly whether the range of input values chosen affects the
output factor significantly (test by analysis of variance), and secondly,
whether it is possible to attempt the fit of a production function,

The egg revenue function, equation (1), must be separated into its component
parts before an attempt to fit production functions can be made.

The physiological causes behind the variation in grade and number of eggs
laid have been mentioned earlier in this section. To simplify the following
discussion, time concepts have not been considered, That is, the economic model
is simplified by the assumption that epg prices do not vary during the production

period. Relaxation of this assumption would imply a need to estimate production
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functions for the different price periods.
The feed input variable has some functional effect on each of the five

grades, and this can be set up as

G1 = f1 (x)
02 = f2 (X))
GS = f5 (x)
5
L Z G g < 1.0 and where X refers to the feed control variables,
i=

To include time concepts for each grade we could write :

C.p = fy (x)

or G f (X’t)

g
and also for egg number distribution over time :
N. - ft (X))

or N.,, = f (X, t)

Regression equations for the five grades might have the form :

G1 = a4 -O'b1 X
G, = & LR
G3 = a3 + b3 X
Gl. = al’ + bl, X
Then, as 05 = 1--G1--02--GB~--G4
only the regression coefficients & toa 4 and by to b 2 would need be estimated

because from the above :
1-G5=a1 +32+a3+34+b1X+b2X+b3)(+b41

=(a1+a2+33+a4)+(b1+b2+b3+b4)x
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To use this model requires periodic grade and number distribution for the
different treatments. Replicate information separate within treatments would
enable statistical analysis for significant differences.

This then completes the presentation of an economic model for the analysis
of rations for egg production.

Before application of the model outlined above to the data presented in
Chapters One and Two for the two trials, it is of benefit to digress for a
aection and outline the determination of input and output prices in the New

Zeeland merketing system for egs roduction,

3e2e3 The New Zealand ecouomic environment for egg production.
tpgp nrices are set by the Pricec Tribunal. The price is based on current

cost of production fipwres computed by a Comittee of Public Accountants for the
Epp ‘arketing Authority (£.7.A.) The E.4.A. can rresent a case at any time for
a change in epg prices to the Price Tribunal., Cozt of production 1s reviewed
every six months and now includes an indication of the movement of egp production
per bhird.

The weiphted cost figures anproved hy the Price Tribunal do not establish
these as a punranteed price for the poultry farmer. This amount is the meximum
payout realisation if market returns make this possible. 1In fact, payout
re:lisations have never reached the approved cost of mroduction figure.

Cost of production por dozen eggs as at March 1970 was 48 cents in the North
Island, and 44.8 cents in the South Island. These costs were carefully examined
by the Trade Practices and Prices Division of the Ministry of Industries and
Comrerce, and were accepted as a falr indication of average costs by the Price
Tribunal. Payout realizations for that season were 46.46 cents per dozen in the
North Island, and 43.12 cents per dozen in the South Island.

The price for cull layers 1s not under Governmment control, nor are the ration
ingredient inputs except for wheat products which are under the control of the

Wheat Board,
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These fwo trials have been presented in the first two chapters of this
thesis, and the reader will be referred to relevant tables and text wiere these
are important for economic analysis.

Following the model described in section 3.2.2, it was hoped to consider
the levels of consumption of the three major ration ingredients of barley (B),
pollard (P) and meatmeal (i1) as the independently variable inputs in a situation
where egp production was the eventual neasured output,

While realising the possible problems associated with a continuously pro-
duced output of egpgs (compared with the broiler situation where live weight is
the final product), the method described in Chapter 10 of ileady and Dillon
(1961) with broilers, was used as a basis for the experimental design. In this
experiment, ieady used graded levels of corn cad soyabean product togetner with
a conctanl basal level of essential vitamine ona minerals, The principle
difference between Heady's approach and that used in this thesis, is the concern
with live~-weight pain of pigs, and there

with the time factor. ileady 1= dealing

is interest either in attaining o certain live weight &3 | uickly as is possible,
or the maximum body weight within o certuin tinme periods Tliese situations
differ in that they are concerned with iso-weight and iso-time curves respectively.
Pig=neat production is focussed mainly on iso-weight curves to pork or bacon
weight. Thus cumulative consumption and cumulative weight gain are useful para-
meters to work with, Cumnulative body weight gain and cummulative corn and
soyabean consumption were used as the dependent and independent variables res-
pectively with Heady's work, observations being made on these variables at
weekly Iintervals.,

Their model could be considered as :

It = £ ( ct, St )

where weight gain after t weeks ( T, ) is a function of the amount of corn ( Cy )
and soyabean product ( S, ) consumed in t weeks. There are statistical problems
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associated with Heady's use of data in the cummulated form for the estimation
of production functions. This has to do with the fact that with any two sets
of cumnulated numbers the expected correlation between these is not zero. The
curve showing the expected distribution is not in fact normally distributed
about a zero valus, but has the shape of an inverted normal curve with a high ex-
pectation of values close to + 1 or = 1, (Yule 1926).

This problem of irrelevant correlation vnlues can be overcome by consider-
ing several =separate time periods of cuamulated food consuaption over the pro-
" duetion periode Alternatively a more simple model could be considered using

totsl gzin and total food consumption,

B £ ( %omTs )
and 4, = f£(£6C,¢8)
where Yt and vy ATE the total weipht paiy ind feed consuaption over the

whole exnerinental period of time t, with corn -nd soyabewmn considered as % of
the ration, (Townsley 1970 Persona] Comunication).

With ileady's model, therc sre also statistical problems associzted with the
fact that =11 the vseriables are endogeauous - giving rise to "errors in veriables"
problems, The author rcfers to Townsley (19¢9) and Fuller (1568) for a dis-
cucssion of these problems,

An egy production model is concerned with yields at particular times over

the experimental period, but these can be considered as a total egg production

for the whole experimental period. Thus the production function model can be

stated :
I, = f£(8,P, H)
where: Yt = the total egg production for the period.
B = % barley in the ration.

P - % pollard n on "
M = & meatmeal " g



86
There are a potentially large number of rations that can be made up from
percentage levels of barley (B), pollard (P) and mestmeal (M), even when a
constant basal level restraint is imposed. The only condition to be satisfied
is

M+ B+P = 95 . . . . . ° ° ° (A)
for trial CW¥/50

and M+ B+ P = 86 . . . ° . . ° .(B)
for trial LT/19

for M, 3, P ) 0

aowever tiiough the theoreticcl poesibilities of ration combinations are
large, there is only a linited runge of mracticeble possibilities determined by
a knowledge of poultry physiology and nutrition. In trials Ci/50 and LI/19,
ration formulations were based on such & knowledge -~ which included consideration
of factors such as : pulatubility, wactape, bulkiness of the ration, frequency
of feeding and manure disposal problens,

Though it was initially hoped to uwse 3, P and I as independently varizble
inputs, later, more detailed consultation with the economists, revecled that there
uere fixed linear relationsiiips betwe n the levels of ingredients in the
differcnt trcutments of triuls Ci/50 -ud Li/19, This was slso true of Heady
and Dillon's (1961 Chapter 10) rations., Because of this fact, there was only
need to refer to the level of any oune ingredient to be able to calculate the levels
of the other ingredients associated with this reference level. Thus while :

Y = £ (3, P, )
there is only need to refer to either :
Y

£ (B)

or Y £ (p)
or Y = £ (M)
Thus, from hindsight, it was realised that in trial CN/50 linear constraints

were applied to equation (A) such that s
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B

a+b?P
M = c¢c+dP

Values for a, b, ¢ and d being chosen (see Table 1.9.1 page 25) such that :

5 5
1 1

M = 2 - o+ - P
5 5

for 11‘}3 S IS \< 51%

iote that while P was chosen as the reference independent variazble,
B or M cowld equally well have been used.
For trial LT/19, linear constraints were applied to equation (3) with M
zs the reference variable, such that :
B = e + £ H
P = g + h M

Values for e, f, g and h being chosen (see Tuble Z.6.1 page 59) such

that
4 2
B = 87=- -« 4= N
7 7
P =, =1 1:- + 3-2. M
7 7
for 20 & u g1

Thus when the econonically optimun level of ! is determined for data in
trial LT/19, the levels of B and P can easily be calculated.

As there are also linear changes in price per unit weight, protein, energy,
calcium and phosphorus (calculated) levels as ingredient levels change, these
factors can also be related to levels of P by simple linear equations,.

For trizl CN¥/50 the equations were derived using P as the variable, and

using data from Tuble 1.9.1 page 25 :

Protein ¢ : Pro = 1044 + 0.1P
Energy (kes ME/1b) 3 En, = 1181.,9 + 0.1 P
Calcium % H Ca. = 0. 222 + 0.019 P

Phosphorus & s Phe = 0,448 + 0.012 P
(¢) Bulk price/ton 3 = 64,80 + 0.04 P



As an example, the equation relating price per (2000 1b.) ton to P,
is derived in Appendix III (a).

These relationships hold for velues of P between 11;. and 51%: and where
the basal mix is a constant 5% of the ration.

. similer set of equations for trial Li/719 using ' for the independent

variable and using data from Table Z.06.1 pape 59 3

Protein ¥ s Pr. = 10,8 + 0.6 i
Energy () ¢ bn. = 1097 + 0.5 M
Galciun : Ca, = 3,00 + 0.0 U
Phos phorus s Ph. = 0.8 + 0,05 1

Bulk price/ton ) $e20 + 0620 i

o

These relationchips hold for vilues of i between 27 and 11.1%; «nd uhere

the basal ~ix is z constant 14, of the ration,

2i8 iesults and discuesion for the grower trial C.Y/50.

The pessible dependent variables Trom the Profit Function that could be
related to levels of pollard ¢ (P) in the ration were considcred.

For exanple, the consumption function relating P to the crnount of consunp-—
tion of each ration (Yg) was estimtted for the prowing phase :

Yg = F (@2 )

Graphical representation of the data (Appendix III table 1) can be seen on
Figure 33 .1, the form of which suggested that it would be most appropriate to
attempt the fit of a linear regression function. The method of Least Squares
Regression was used to calculate regression coefficients,

The grower consumption function is represented by Y, below, Y., the

1
consumption in the laying period was found to be not significantly different
between treatments (Appendix I, table 8); similarly Wy (Table 1.12.1) was not
significantly different between treatments. For this reason, regression

equations were not estimated for these factors. The veriability of the grade
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distribution, Gi’ with treatment, could not be statistictlly evaluated because
of the lack of replicate information. lHowever, awvailable evidencg‘tfrom this
evoeriment indicated that grade weos not a functional variable of feed input.

Statistical analysis of hen-day egg production, N, for the total period
(Appendix I, teble 16) showed that there were no =ignificunt treatment effects.
If time were belng coansidered, then the fact thot treatnent  (the lowest plane
of nuirition in the growing phase) was significantly lover in hen—day egp number
before the 28th weck of ~ge, igkt be Inaportunt. Repression equations for hen-
housed ond hen=day egg woduction (Y6 and Y7 respectively) were cstimated ‘but
did not produce significunt coefiicients.

Repression equations were estinated for rceveral factors of interesi though
thece foctors were not part of the profit function. Ration cffecets on body
veight just before, at, nnd efter the pericd of sexual wnticily (Y“_’ ¥g and YZ.
rerieetively) are of interert hecause body weight indicitez the meintensnce
requirenents for nutrients, and also partly determnines the ; rade distrimution of

onn
Bt W

8§ laid by o hen, Jody weigut pelin dquring the laying veriod (YS) ie elso
Jomortant for cinilar reacons.
Thus the dependent variasbles for uhich linear repgreccion production functions

vere estincted were :

¥, = rearing period H D food consumption(lbs.) hateh to 20 wk‘a.(Yg).
¥, = body weight at 18 weeks of oge (1bs.)

Y = " 1" i) 20 n " n" n

3

Y — 1" n n 31 " \] 1n n

4

Y5 = body weight gain during the laying period from 20 to

47 weeks of age (1bs.)
Hen=housed egg production.

7 Hen-day u L (N).
% mortality in the laying period (not graphed).

L
o
i [}

[
o0
[}

weighted egg weight for the laying period (gas).

g
"
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The concepts of hen-=housed and hen-day egg production are described in
Appendix I (d); weighted egg weight is described on page 35.

The regression coefficients were regarded as significant if the t-test fell
at or below the 5% level. "Goodness" of fit is indicated by the value of r2.
These and other statistical terminology are explained in the footnote to Table 1,
Appendix III.

Equations for regressions Y1 ’ Y2 » YL and ‘."9 vere formed, as only these
reached significance. Data is presented in the form used for calculation in
table 1 of Appendix III, and is shown graphically in Figures 3.3.1 (1) to
3.3.1 (viii). 4n explanation of the statistical parsmeters calculated for the
regression relationships are presented in more detail in Appendix III, table 2.
Table 3.3.1 below sumaarises this data with equations where appropriate.

Table 3.3.1.

Equation b S b t Prob, r2
I, = 16.00 + 0.17X 0.170 0.009 18.889 0. 001 0.98
I, = 2.58 + 0.0 X 0.011 0,003 3.687 0. 01 0.7
YB = - 0.130 0,017 0.759 NS 0.08
Y/, = 3.9 + 0.01X 0.011 0.005 24330 0.05 0.43
Y5 = - 0.009 0.007 1,250 NS 0.17
I, = - 0.093 0.166 0.559 NS 0.05
I7 = - 0.5 0.059 1.607 NS 0627
I, = - 0.200 0.170 1,060 NS 0.18
19 = 51.51 + 0.04X 0.040 0.017 2.434 0.05 0.46

From the table it can be seen that the level of pollard in the ration
(ingredient variable X) had a significant effect on the amount of food consumed;
the weight of the birds at a period just before sexual maturity (18 weeks) and
just after sexual maturity (31 weeks). The variation in age at sexual maturity
with associated changes in body weight probably accounted for the "non signifi-
cant" relationship between ingredient make-up of the ration and body weight at
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twenty weeks. The apparent curvilinear response at this age is also a function
of the difference in rate of sexual maturity.

It is interesting to note that the amount of pollard in the rearing ration
had no effect on the weight gain during the laying periods It will be recalled
(from fppendix I, table 8) that there were no significant consumption differ-
ences found between treatments in the laying phase. This is further evidence
for a conclusion that no compensatory growth occurred while birds were fed the
layer ration.

The effect of rearing ration formulation on subsequent egg size in the
laying period (equation 9, table 3.3.1) indicates a very small but significant
increase with increasing P in the rearing ration. This is probably a function
of the effect of the ration on body size: the larger birds laying slightly
larger epgs.

As Gi’ N, wb and Y. appesred to have no significant contribution to the

1
profit function when considered separately, it appears that profit relies only on
feed cost in the rearing phase - which i1s a function of the consumption level and
the cost per unit weight of feed.

There are statistical problems concerned with the fact that while the
components of the profit function may not have significant differences between
treatments, they may have significant effects on profit when considered together,

This thesis also considered a simple analysis of variance test between
treatments to assess the likelihood of a significant functional relationship
arising between the variables considered. This is probably sufficient in most
cases, but to be strictly carrect one should follow the regression analysis of
variance as set out by Heady and Dillon (1961) page 157, before rejecting a

regression as not significant.

The implications of the above are to maximise profit per hen per year by
minimi{sing the cost of the ration consumed per bird in the growing phase :
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Minimise P Y
4 -4

Price per 1lb. of grower ration (see Appendix III (a) for
derivation) is given by :

Pg = 3,241 + 0.,00195 P (cents)

The rearing consumption function is equation one of
table 3.3.1 :

Yg = 16.@ + 0017 P

Thus Pg yg (0.00195 P + 3,241)(16.09 + 0.17 P)

= 52,148 + 0,582 P + 0,0003 P2 cents feced cost.

for 117 & P £ 51% (corresponding to the range
for trial C;§50).

This equation has the general form :

P Y =a+bP~l'cP‘2
g g

where b, c ) O.

Thus the minimun feasible wtilue of P minimises feed cost and maximises
arofit, However the coefficients of the quadratic function while both positive
for this price situation, could well be nepative or have different signs in some
other price situation. If this were the case ths profit maximising level of P

nay be at some other value within the experimental range.

3.4 ussio z al 19.

With the more direct temporal relationship between food intake and product-~
ive characteristics in the layer trial, it was hoped that more significant re-
lationships would emerge. However analysis of variance indicated that there
vwere no treatment differences in the components of the profit function. Ewven
8o, estimates of the linsar regression of N and Yl on M (the ¥ meatmeal in the
ration) were made, together with other factors of interest which are listed
below. No significant relationships were discovered by linear regression

calculations.
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Y, = Henday egg production. (N)

Y2 = Hen-housed egg production.

Y3 = Mortality in the laying period.

YA = Food consumption per hen-—day. (Yl)
Y5 = Average egg weight at 56 weeks age.
Yé = Bedy weight gain in the laying period.

The data used to calculate the regression coefficients (:ppendix III, table
3) is graphically displayed in Figures 3.3.2 (i) to 3.3.2 (vi).

The graphs illustrate the difficulty in the establishment of any signifi-
cant treatment effects. It was not felt justifiable to attempt to fit any
other than linear functions to the data. A sumnary of regression information
is presented in table. 3.4.1 below :

Table 3.4.1.
Summary of Regression Information (L1/19),

Dependent

Variable b 5, t Prob. r
Y, 04334 0,31 1.10 NS 208
¥ 0.08 0.50 0.116 NS .02
Y3 0.0 0.374 0.211 NS 04
Y, 0. 001 0.0005 1.9% NS o2
I, 0.034 0,052  0.644 NS 02
T, 0.003 0.006  0.45 NS 02

A more detailed presentation of regression data is seen in Appendix III,
table 4.

It was disappointing to note the lack of relationship between ration
ingredient levels and the productive characteristics measured. An investigation
into possible reasons for the apparent lack of response vas initiated by re-pre-
senting the data in the "nutrient" form used by Fisher (1965). Table 3.4.2
below shows the intake per ben-day of protein and energy, and the output of egg

mass per hen-day; for each of the 14 different rations. While energy intake



Y1

Y2

Y3

HEN-HOUSED EGG NUMBER HEN-DAY EGG NUMBER

MORTALITY %

165 4
X X X X
X X
X X X
X X
155 X X x
145 |
N
\T\ Fig. (i)
o
165
X
X
15 | X x X XX x x
X
X
145 = X
}\ Fig. (ii)
- s
16 4
X
X
8 X X X
X X X X X X
X
0 4 X X
Fig. (iii)
20 PERCENTAGE MEATMEAL et

Y4

Y5

Y6

FOOD CONSUMPTION (Ib)

AVERAGE EGG WEIGHT (gm)

WEIGHT GAIN (Ib)

93 (i)

0.30 -
h X
X x
0.28 - X X X
X X
X X X X
X
0.26
i Fig. (iv)
- o -
X
379 X X X X
X X
X o
56
9 )( X
55 4 X
:T\ Fig. (v)
: e
X
0.90 4 X X
X
X X X
0.80 4 X X
X
. X
i X
0.70 §
N\ Fig. vi)
2-0  PERCENTAGE MEATMEAL -

Figs. 3.3.2 (i} to 3.3.2 (vi) — Regression data from trial LT/19



9%
and egg output were remarkably constant over the range covered by the rations,

the protein intake increased with the diets higher in protein %.
Table 3010.20

Productivity (egg mass per day) related to nutrient
intake (protein and energy per day) for LT/19,

Ration Egg output Energy intake Protein intake
(gm) per H D (kes) per HD (gm) per H D
1 35.5 306 15.1
2 34.0 302 15.8
3 35.3 296 15.6
4 36.6 296 16,1
5 35.7 291 16.2
6 35.2 301 17.2
7 36.6 306 18.1
8 35.1 296 13.0
9 36.3 300 19.0
10 35.9 297 19,0
1" 35.0 306 20.1
12 34.8 315 21.1
13 36.6 314 21,5
14 36.6 307 21.6

This effect is consistent with the theory that birds eat to equate energy
intake irrespective of protein level in the ration.

Fisher (1965) collected response data from workers whose aim was to deter-
mine the physiological optimum protein intake per day. This data has already
been discussed in section 2.2, Any comparisons of data must be made with the
realisation that experiment aims and environmental conditions were very
different in each case.

For example the data graphed for LT/19 in Figure 3.3.3 is from the short
37 veek test period used in this trial. Thus the proportion of the early
growing period of the laying phase is larger; and protein requiremsnt for growth
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is higher in this period. However it is obvious from the graph that the lower
levels of intake in layer trial LT/19 were not low enough to depress output.
Deta from the other workers were collected for varying time periods during the
laying phase. Sray and Gesell's (1961) data was collected from an experiment
with high temperature (76°F (24.4°C)) nutrition. Data extracted from Gleaves
et al (1965) was graphed and daily calorie intake was found to be similar to that
of the hens in LT/19 (see table 3.4.2), at 300 kcs per H D. Protein level in

the rations varied between 13% and 19%.

3.5 A simple profit function for economic analysis of ldyer and
E,;g\«}er rations in eps mroduction.

Though the functional aspect of the profit ejuation i1c evident from discuss-
jon in previous sections, it was thoupht that within a given price environment,
the profit equation mnight be a useful tool to evaluate relative profitability
between different rations, In this form, all production function aspects are
ignored and values for the functional components of the profit equations are
simply substituted within each ration treatment. Table 3.5.1 below presents the
component information for trial CN/50. Income-less=food—cost is included
because this parameter is commonly given in Random Sample Tests., [Egg prices for
the different grades and time periods are used from Appendix III, table 5. Cull
hen income (Pb 'a'b) wus based on a price recelved in this erperiment of 15 c¢ per
1lb. live weight.

Comparison of the nine rations used in trial C}/50 used body weight data from
table 1.12.1 (page 30); rearing ration cost ( Pg ) from table 1.9.1 (page 25);
grover phase food consumption ( Yg ) from table 1.12.,3 (page 33); and layer phase
food consumption ( I, ) from table 1.12,3 (page 33). Cost of the layer rations

was $67 per ton.
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Table 30 5-1
Profit Function Calculations (& per hen) for C¥/50.

Ration Treatments,
A B o] D E F G H I

Income from eggs 4,49  3.26 394 451 449 466 L.09 43 4.27
Food cost 20=32 wmd., 0,70 0.73 0.70 0.70 0.73 0.72 0.73 0.72 0.73
Food cost H-R0 wks,. 0.54 0.59 0.61 0.65 0.68 0.70 0.7 0.75 0.7

(Income less food 3.25 194 2.63 3,16 3.08 3.7 2,65 2,66 2,75

cost)
Cull hen inconme 0665 0.68 074 0465 081 0470 0674 0.9 0.7
Relative profit 3,90 2.6 3,37 3.3 3.39  3.94 339 3.45 3.54
index

For trial CI/50, information on layer phase food consumption was only avail-
able for 12 of the 32 week test period. However as consumption levels between
treatments were not significant, the use of the existing information in the cal-
culation of a Relative Profit Index was thought justifiable,

Treatment differences have two aspects which contribute to their relative
economic importance. Firstly there are 'real" differences which are statist-
ically detectable. Secondly there is the magnitude of the differences. For
example in the egg income row of table 3.5.7 it willl be seen that the magnitude
of the difference in money terms is very large, however the numerical differences
in epg number and weighted egg weight which contributed to this income figure
were not statistically detectable. For food cost in the growing period (table
3.5.1), the treatment differences were statistically significant, but in money
terms the magnitude of the differences is not so economically significant.

Hence there is danger in placing too much faith in the relative profit figures
of tables 3.5.1 and 3.5.2,

Those birds reared on ratioms A, E, D and F were the most profitable, and
these birdas also had the highest egg revenue returns. Little can be concluded
about this data without tests for statistical significance, but it does appear

that a low plane of nutrition in the rearing phase (as provided by ration A) is
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not detrimental when all aspects of profitability are considered.

A profit ction for layer LT/19 was calculated on the basis of
incomplete information on the distributions of eggs laid in different grades.
Only a single sample was graded after 34 weeks of lay, and on this basis, all of
the 14 ration treatments were placed within the Standard grade for eggs. The
assumption was made that the change of epg cize with sge ws the same for all
treatmentz, This assumption seems reasonable because all neasured aspects of
egg production were nol significantly different between treatwments, Thus an
indication of relative egg revenue wns gained using the nrice for Standard eggs
(Pi = 42 cents/dozen) und the period H D egg number ().  icvenue from cull hens
was calculated using 15 cents/1b. live weight ( Pb ) and weignht data ( Wb ) from
table 2.9.1, page 62,

Food cost in the rearing stzge was assumed to be the sane for all treatments
and thus cowld not affect a relative profitability index. Tood consumption data
wus available for the durstion of the laying period and information was taken
from Table 2.6.1, page 59 ( P, ); and tecble 2.9.2, page 63 ( ¥; ). The data
uced to form the profit index is presented in table 3.5.2 bLelow,

The Profit Index is computed on a per hen basis in this situation where all

birds are of the sane genetic strain, and are housed in the same environment.



Table 3.5.2

Profit Function Calculations (& per hen), for LT/19.

Ration Egg Income

1 5¢55
2 5641
3 5.47
4 5¢T1
5 5459
6 5646
7 5.69
8 5¢45
9 5.59
10 5469
1 5462
12 539
13 5.70
14 5663
3.6

Lgg Income
Food Cost less food

2,09
2,06
2.03
2404
2.00
2.07

2,12

2,21
2,12

2,15

cost reduction,

cost
3446
3e35
3ebd
3.67
3.59
3.39
3457
3.39
347
3.63
3.48
3.18
3.58
3.48
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Relative

Cull Hen Profit

Income

0.64
0.62
C.62
0465
0.061
0,62
0.63
0.62
0.61
0.59
0462
0.63
0.61

0. 61

Improved feed conversion efficiency as an aid to feed

Index
4.10
3.97
4.06
4e32
4420
4001
4620
4,01
4.08
4,22
4,10
3.81
4.19
4e 09

A different approach to feed cost reduction with poultry, has been achieving

some attention recently,

genetic means, this would also reduce feed costs.

If food conversion efficiency could be inproved by

The sex-linked dwarfing gene received attention from broiler breeders

(Jaap 1969, 1969a) because the smaller hen was still able to produce commercially

"large" offspring and yet have an improved food conversion efficiency mainly

because of the almost 50% reduction in adult body weight.

There may be a possibllity of applying selection pressure to existing stock



»

without the use of the oslvarfing gene. Nordskog, French and Balloun (1969)
suggest an Indirect method of measuring food conversion efficiency through body
weight and egg weight measurements. Wallace (1970) forsees the use of "midget"
layers with an improved food conversion efficiency as measured per pound of eggs
produced. This hen would have a final body weight of only 3 1lb. compared with
the present 4.5 lb. average. Smzller birds have lower maintenance food require-
ments, but cre more susceptable to cold stress (and less ali'ected by heat stress)

than today's hen.

The eccnomic model outlined for analysis of rations for laying stock appears
to be satisfactory. The lack of response of egg output to the input factors
used, may be a function of the type of output product that esgs constitute, A
greater range of nuirient levels may have given a more variable output,

veparate analysis of the physical components of the nrofit function may have
given rise to some problems, Lack of significant differences between treatments
for each component may not necessurily imply lack of significant differences in
profit between treatments. However the desire to treat nrices (for eggs, cull
hens, and feed) as exogenous variables forces a component aporoach to the profit
function.

The egg revenue function is complex, and reflects the system of egg market—
ing in New Zealand at the present time. Future problems with egg marketing in
the food industry may force the adoption of the sale of eggs on a "per unit
welght" basis, as this makes eggs more competitive with other protein foods, but
hes associated packaging problems. . If this’system is adopted, then the egg
revenue function will be simpler, and the production function approach will be
enhanced. |

The concept of a profit function for a given price situation as used in
section 3.5, appears to be useful in the comparison of profitability between

LIBRARY
MASSEY UNIVERSITY
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different rations.

This thesis has emphasised the need to carefully consider nutrient gnd feed
ingredient aspects in the planning of experiments designed to investigate profit-
able layer and grower rations,

The use of least cost programnning in conjunction with »roduction functions
chould assist in economic ration anaslysis, but there are several well recognised
improvecnts desired in the use of this econonic tool :

(1) The incorporation of better nutrient information on feedstuff
composition - particularly with amino acid availzbilities and
interactions.

(2) The incorporation of some measure of palatabllity or appetite
in the matrix.

The output variable measured, bears closer examination hecause of price
impution nroblems, ‘this applies to pie live weight pain outputs where lean
meat 1ay be a more useful measure; or perhaps “lean meat nroduction per unit of
housing space »er year",

from a poultry husbandry and nutritionsl point of view, it was clear that
food cost reduction could be achieved Ly the use of & lover plane of nutrition
at both the grower and layer phases, The achievement of this saving with the
use of restrictive rztions in the rearing phase had additional benefits of a
slightly delayed pesk of egg nroduction and a more persistent level of production.
The permanent reduction in mature body weight meant that maintenance food
requirenrents in the layer phase were reduced and there was less need for a high
protein (expensive) layer ration.

This means that cheaper ingredients can be used in both layer and grower
rations, which reduces the owverall cost of these rations, and has the additional
benefit of a better food conversion efficiency.

Some uncertainty exists as to the level of hygiene and general management

necessary for profitable operation of a restrictive feeding plan. There are



101
claims that a low plane of nutrition will be heneficial for disease resistance,
and reduce mortality in the laying phase.

There is also conflicting evidence as to yhen the restrictive regime
should be applied to the growing birds: some workers claiming that an initial
adjustment period for the first few weekz of life on a high plane of nutrition
is beneficial; while others claim that this entails a stress-laden switch to a
low protein ration at a crucial groving stcge, and thus recomzend a uniform
low plane diet fed from day-old.

It seems illogical to suggest that o low protein diet is less stressful
than a high orotein diet for ell management circuastances. fhus in evaluetion
of the alternatives for a restricted feeding prograame, the standard of manage-
ment and farm hyglene should be carefully assessed in relation to the particular

prograame toat is to be used.



(1)
Appendix 1.
(a) Mating and Incubation Detalls.

The parent stock were mated by artificial insemination. Semen from 31 males
vas pooled and diluted 131 with a diiuent (2% sodium phosphate buffer solution
containing a 4:1 nixture of anhydrous disodium hydrogen phosphate and sodium
dihydrogen phosphate (leke, Schindler and Wilcox 1959) ), and used to inseminate
252 dams at a dose rate of 0,5 ml/hen. Inseminations were repeated 3 times at
3-day intervals, eggs being collected over a 7 day period and stored in "Cryovac"
plastic bags in racks (turned 3 times daily), in a coolroom (55°F or 13%).

1250 eggs were set, 12 days after the first insemination, in a "Multiplo Chick-
master" settor—-hatcher (10,200 egg capacity).

A fertility teat conducted after 14 days razduced egg ruzbers to 80,3% fertile,
and final hatchability was 68.5% of eggs set or 85.2% of fertile eggs.

(b) Illuminstion intensity units.
11ux = 1 lumer/ square metre

= 0.1 lumens/square foot

0.1 foot.candle.

(e) Coma i Grades.
Undergrade : less than 36 gm (1% ozs.)

Pullet between 36 and 44 gn (13 to 1 9/16 ozs.)

“ediun : between 44 and 53 gm (1 9/16 to 1 7/8 ozs.)
Standard 3 between 53 and 62 gmn (1 7/8 to 2 3/16 ozs.)
Large $ more than 62 gn (2 3/16 ozs,)

The grades correspond to the weight-per-dozen claessification in
current use, of 3 15's, 18'a, 22's, 24's and 26's respectively.



(2)

(a)

H D egg production = Total Egg Number x

Total Days Alive
% HD egg production = ITotal Eg Number y 100
Total Days Alive 1
H H egg production = B
Total number of hems housed.
Table 1,
Vitamin-Mineral Supplements * (Ingredients/1b)
Grovar Layer

Vitamin A (1.0.) 3000 5000
Vitamin D3 " 625 625
Vitamin E " - 1.25
Riboilavin (mg. ) 1.5 2
Vitamin B,, " - 0.00025
Calcium Pantothenate b 4 4
Nicotinic Acid " 7.5 10
Folic Acid " - 0.25
Choline Chloride i - 80
Menadione Sodium Bisulphite n 1.0 1.0
Seleniun i 0. 068 0.068
Z2inc Qxide B 15.2 15.2
Ferrous Fumarate B 10.0 10.0
Potassium Iodate o 0.65 0.65
Copper Carbonate E 2.25 2,25
Cobalt Carbonate . 0.3 0.3
Manganese Sulphate " 85.2 110.6

*  The cost of the grower supplement adds $1.60 to the price
per ton of the mash, Tha layer supplement adds $2.00 per ton.



Barleymeal
Pollard

Meatmeal
Lucernemeal
Buttermilk Powder
Linestone

Bonemeal

Table 2,

(air dry basis)

Protein Ener;
y 4 kes
11.0 1200
15,0 1200
Gilio5* 1250
17.0 600
34.0 1300
0] 0
10.0 800

1b

Nutrient values used in compounding the rations.

*  Protein values are based on previous ingredients analyses

at the P.R.C.

Values for energy, calcium and available

phoaphorus were derived using published tables (Scott,

Nesheim and Young (1969), 4cClymont and McDonald (1958) ).

(3)



Table 3.

(4)

Layer ration ingredients and chemieal analysis.

Barleymeal

Pollard

Meatmeal

HMaizemeal

Buttermilk Powder
Lucernemeal

Linestone

Bonemeal

Iodised Salt
Vitamin-mineral Supplement *
Kjeldhal Crude Protein
Calculated Protein
Energy (kes ME/1b)
Energy (kcs “E/kg)
Cal.(per 1b)Protein Ratio
Protein-Megacalorie Ratio
Calcium

Phos phorus

Ash

Water

Lysine
Histidine
(Ammonia)
Arginine
Aspartic Acid
Threonine
Serine
Glutemic Acid
Proline
Glycine
Alanine

Cysteine Baak
Valine

Methionine
Isoleucine
Leucine

Tyrosine
Phenylalanine

TOTAL PROTRIN:

(air dry basis)
(% of ration)
48
10
10
20
L
4

4
2

0.25
0. 25
16.8
15.5
1181
2601
76
13.1
3
1,07
8.7
11.4

0.70 **
0. 25
(0.26)
0.86
1.20
0.60
0.70
3.33
1.64
1,15
0.90

0.2
0.75
0.3

0.48
15.64

Theoretical Requiremants *##

0455
0.28

0.8

0.45

0¢2%
0.65
0.%
0.60

0.3
0a45

15.0
«.ocontinued...page(5)



*

&3t

Table 3 (eontinued)

The vitamin-mineral layer supplement formula can be

seen in Appendix I table 1,

A Beckman amino acid analyser {Model 120C) was used to
obtain the amino acid levels.

Compiled from Agricultural Research Councll (U.K.) (1963),
and Nationsl Research Council {US.A.) (1966) publicatiouns;
and Scott, Nesheim and Young (196¢).

The sulphur aminc acids cysteine and cystine are estimated
together in this analysis, The cystine molecule is split
into 2 cysteine molecules during acld hydrolysis of the
sample, The amino acid tryptophan is destroyed hy this
acid hydrolysis, and can only be estimated by a separatie
alkaline hydrolysis.

(5)



Table 4.

Analyeis of Variance of Body Weight Data.

Co C °

(1)
(2)
(3)
(4)
(5)
(6)

(Code)
Total

Treatments
(T)

Blocks (B)
TxB

Exror

Hateh to 2 weeks weight gain (grams).

2 to4 " L
4 to12 " S GE
12 to16 " ¢ F
16 to20 " L

Body weight at 20 weeks (grams)

MS = Mean Square af. =

degrees of freedom

o Significant at 5% level of probability

i % 1]

1% "
0.1% H]
Not Significant

333t n

NS

dg.
1) 2| 3| 4| 5} 6 1
361 358 282} 276| 274 | 274
%3t
8| 8| 8] 8| 8] 8 |459
2] 2} 3} 3] 3] 3 124
16) 6§ 21 24 |22 |2 100
335 1332 247 | 241 [|29 |29 191

333t

40899

1002

555

914

% 23

193127

10489

6359

%

%817

TA54

1998

2]

13615

202

3275

(6)

199788

19592
15621

16443 |




Table 5.

(7)

Comparison of Treatment Means for Body Weight Data
using the same column code as Table 4.

MS D. =

(1) Banked Means. B-All

(2)

B
A
D
c
E
F
G
H
I

- m @ wm W O v W >

31.33
31.64
39.67
41 .44
46.02
48.64
53.10
59.00
60.74

M

62.44

80.89
102.33
106,35
126.34
136.62
143.05
151.88
153.27

MS.D. (5%) = 18.76;

A~
0.31 -
8,34 8.03

10,11 2,80
14.69  14.38
17.31  17.00
.77 2146
2.67  21.36
.41 29.10
S.D. (5%) = 7.92;

A-A1l B-

18.45 -

30,8 2.4k
43.91 25.46
63.90  45.45
7%.18 55.73
80.61 62,16
89.46  70.99
90.83  72.38

Minimum Significant Difference
5¢ levels underlined.

D- C-
1.7 -
6.35 4.58
8,97 1.20
13.43 11.66

E- F- G- H=
2.62 -
7. (B 4'46 -

19.33 17.56 12,98 10,36 5.90 -
21,07 19.30 14,72 12,10 7.64 1.74

(1%) = 9.80 gm. g&in-

D- C-
42 =
24,0 19,99
34.29 30.27
40.72 36.70
49.55 45.53
50,94 46.92

E- F- G- H-

10,28 =

16,71 6.43 =

25.54 15.26 8.83 -
26,93 16,65 10.2 1.39

(14) = 23.20 gm. gain,

eeocontinued...page (8)



(8)
Table 5 (continusd).

(3) A-A) B- C- D= G- E P p
A 532,17 -
B 656.50 124.33 -
C 7é6.16 183.99 59,66 -
D 729.26 197.09 72,7 13.10 -
G 74431V 202,14  87.81 28,15 15,05 =
E 762.59 230,42 106.09 46.43 33.33 18,8 =
F 765.41 233,24, 108,91 49.25 36.15 21,10 2.82 -
I TN.66 239.49 115,16 55,50 42,40 27.35 9.07 6.25 -
H 785.01 252.84 128,51 68.85 55,75 40.70 22,42 19,60 13.35

MSD. (58) = 54.123 (1%) = 65.37 gm. gain.

(4) H-Al1l I- G- F- E- D~ B- C-
H 239.77 ~-
I 249.02 9.25 -
G 263.81  24,.04 14.79 -
F 275.75 35.98 %.73 1.9 -
E 283,50 43.73 3448 19.69 7.75 -
D 300.54 60.77 51,52 36.73 24.P9 17.04 -
B 303.17 63.40 54.15 39.36 27.42 19,67 2.63 -
C 304.16  64.39 55.14 40.35 28.41 20.66 3.62 0.99 -
A 32%.93 87.16 T7.91 63,12 51,18 43,43 2%.39 23.76 22.77

MsS.D. (5%) 42.7; (12) = 51,65 gm. gain,

oo ocontinuedo.om. (9)



(5)

(6)

P O 3 =B O w Q

wHoOo@XnD o m QO H O O W

D-A11
187.M -
194.26 6.47
199.43 11.64
200.16 12,37
209.55 21,7%
219.84  32.05
223,50 35.7
223.63  35.84
258.48  170.69

M.S.D. (5%)

A-A11
1212.45 -
1331.20  118.76
1392,93 180.48
1413.29  200.84
1465.97 253,52
1476.34 263.89
1471.00 266,55
1488.20 275,75
1502,34 289.89

M.S.D. (5%)

Table 5 (continued).

I- H- C- B- E- F=
5.17 -
5.90 0-73 -

15,29 10,12 9.39 -

25,58  20.41 19.68 10.29 =

024 24,07 B34 13.95 3.66 -
29.37 2%.20 23,47 4.08 3.9 0.13
64.22 59.05 58,32  43.93 38.64 34.98

45.42; (1%) = 54.86 gl gaino

B= D= C- I- G- E-
61 072 -
82.& 20.36 -

134,76 73.04 52.68 -

145,13 83.41 63,05 10.37 -

147.79 86.07 65.7" 13.03 2.66 -
156,99 95.27 74,91 22,23 11,86 9,20
17.13 10,41 89.05 36.37 26.00 B.3%

= 108.75; (1%) = 131.36 gm. gain.

(9)

34.85

H—

4.4



(1) Hatch to 4 weeks length gain (centimetres).

Column Codg.
(2) 4 to8
(3) 8 to 12
(4) 12 to 16
Source.
(Code ) 1
Total 81
Treatments 8
Error 73

Table 6.

Analysis of Variance of Shank Length Gains.

1
n

80

72

n
"

70

n

4]

"

1
fn

"

0.4554

0.1681

48

&3

0.3723

0.0706

#3

0. 2665

0.2831

&%

0.6846

0.1132

(10)



Table 7.

Comparison of Treatment Means for Shank Length Gains,

using code as in table 6.

(1) Ranked Means. A=Al B

(2)

- =" -+ Q0 W o Q@ W b

b ®W O~ @ 3 O w o b

1.56 -

1.56 0 -
1. 3 3
1.0 «23 3
1.87 31 ]
2,07 51 .51
2,16 .60 «60
2,27 vl Fval
2,36 .80 .80

MS.D. (5%) = 0.621;

A-All D-
1.37 -
1.92 455 -
1.94 o57 o02
1.95 «58 .03
1.96 .59 - 04
2.04 67 2
2.05 .68 .13
2.10 .73 .18
2.1 «Th .19

MSDe (58) = 04403

c-

.08
28
37

«57

(1%)

D=

.08
.28
37
48
57

0. 731

o)
.10
15
16

BE- G-
020 -
oa ow
«40 «20
49 «29
cm, gain,
F- G-
O(B -
«0 .0
14 .06
15 .07

(1%) = 0.47 em. gain,

I-

I-

«05

(1)

Fa

-

.0

« e scontimued. 00M0(12)



(3)

(4)

Q U w =W =W b - ¢

P mwm Q =®m O @ - =W =3

Table 7 (continued).

02
.08
.18

21

006
.16
.19

H-All G- I- A-
1.30 -
1.5 2 -
1.57 27 «05 -
1.62 32 .10 «05 -
1,66 .36 VA .09 <04
1.68 .38 16 - .06
1.74 2hbh 2 A7 .12
1.84 54 .32 27 22
1.87 57 35 «30 «25

MS.D. (58) = 0.443 (12) = 0.5 cm. gain.

H-A11 E- I- G-
0.31 -
0.34 .03 -
0.37 .06 .C3 -
0.48 A7 J4 1 -
0.51 «20 A7 14 .03
0.56 e 25 022 .19 .08
0.58 <27 <24 .21 .10
0.74 43 <40 <37 %
1317 1,0 297 254 283

D- F-
005 =]
«G7 «02
.23 .18
1280 .75

MS.D. (58) = 0.51; (19) = 060 cm. gain,

.10
13

Ce

.16

(12)

D-

.03



(13)
Table 8.

Analyeis of Variance of Hen-Day Food Consumption Data,

Column Code.
(1) Hatch to 4 weeks consumption (1bs.)
(2) 4 to8 " "
(3) 8 to16 " g
(4) 16 to20 " n
(5) Hatch n n (1] n
(6) 20 n 32 " f
(Code) 1 2 3 4 5 6 1 2 3 4 5 6
Total 2% {35 135135 35| %
%338 3t *% it #3t NS
Treatments 8| 8 8 8 8 8 0.1593| 1.8286 | 4.9529 | 0.7017] 22.6644] 0.58:
Blocks 2 3 3 3 3 2 |o0.0032| 0.0358 { 0.5451 | 0.G136| 0.7016} 0.15¢
Error 6] 24 |24t 24| 24|16 |o.0028| 0.0392 | 0.2166 | 0.0803 | 0.5361{ 0.8




Table 9.

Comparison of Treatment Msans for Hen-day Food
Consumption, using code as in table 8,

(1) BRanked Means. A-All

(2)

- xx Q@ =M o =m O Q W >

- @O Q@ ™M W O QO W P

0.839 -
0.899  .060
1.007 168
1.015 17
1,180 341
1.299 460
1,317 478
1.414 575
1.475 .636

MS .De.

A1)

1,672 -~
2.488  L816
2.6 «999
2,918 1,246
3.153 1.481
3.334, 1.662
3.512 1.840
3.661 1.989
3.830 2,158

M.S.D.

(5%)

(5%)

B~ C=
0108 -
116 «008
28 A7
.‘00 L4 az
418 <310
1] 407
576 468
= 001 57 1b;

B- C-

0183 -

-430 o 2A7

2665 482

846 .663
1.024 841
1.173 «990
13482 1,159

= 0.4763

(1%)

D= E- F-
2166 -

'28‘ 0119 L
«302 137 .018
399 2234 15
460 05 L1176
(12) = 0.191 1b,
D- E- )
085 -

A6 J8 -
294 35 A7
743 2508  .327
912 6T 249
= 0,575 1b.

(14)

G- He
Q(B" .
a8 .06
G=- He
JH -
318 169

.oocontinmdooo PGGO 05)



(15)
Table 9 (continued)

(3) A-A11 B~ C- D- E~ G- F- He
A 8,842 -
B 9.477 635 -
¢ 10.07 1,235 .600 -
D 10,62 1.7P 1,144 « Shd -
E 10.932 2,090 1,455 «855 3N -
G 11.088 24 246 1,611 1,011 467 156 -
F 1,178 2,336 1.7 1.0 o557 .26 «090 -
H 11,872 3.030 2,395 1,05 1.251 .940 8L 694 -
I 12,361 3.519 2,884 2.284 1.740 1.4 1,273 1,183 489

4S.D. (58) = 1.119; (1%) = 1.352 1b.

(4) C-A11 A= B- D- F- E- He G-
C 5.852 <.
A 6,148 « 296 -
B 6.159 .307 011 -
D 6.%0 408 J12 J0 -
F 6.510 658 362 351 «250 -
E 6,557 2705 40D W3 297 4T -
H 6.614 .72 466 455 354 J04 057 -
G 6.7M5 863 «567 «556 <455 <205 .15 .0 -
I 7.300 1448 1,152 1,141 1,040 B0 743 2686 585

MS.D. (58) = 0,682; (1%) = 0.823 1b,

...continuod...mo ( 16)



(5)

H O @ =% @m O o w P

17.501
19.023
19,607
20,814
21.82
22,321
22,632
23.560
2,966

3.313
4.320
4820
5.131
6.059
T.465

MS.D. (5%)

(16)

Table 9 (continued )

B~ C-

0.584 =

1,701 1.207
2.798 2,24
3.208 2.7%
3.609 3.025
4537 3,953
5.943 5.3

1.761;  (1%)

D- E~ F- G- He

1,007 =

1.507 0.500 =

1,818 0.811 0,311 =

2.7%6 1.79 1.239 0,928 =
40152 3,145 2,645 2.33% 1.406

= 2,127 1b,



(17)
Table 100

Mortality over the period hatch to 52 weeks.
(Causes and number per treatment)

A B c D E F G H I Total

Groving Period

(Hatch to 20 wks.)
Rickets 2 1 1 o] 0 o] 0 0 0 4
Coli septicasemia 0] 0 0 0 0 1 0] 0 0 1
Adr sacculitis 0 1 0] 0] 0 0] 0] 0] 0 1
Omphalitis 0 1 0] 0 0 0 0 0 0 1
FLK *® 0 1 1 0 (o} 0 0] 0 1 3
Maraek's Disease 1 0 0 2 0 (o} 0 2 1 6
Colon Impaction 0 1 0 0 0] 0] 0 0] 0 1
Culls (Runts) 0 1 0 1 0 0 0 0 0 2
N.D.D, ** 0 1 i 1 0 0 0 0 0 3
Handling Shock 1 1 0 1 0 0 o] 1 0 4
Total 4 8 3 5 0 1 0 3 2 26

Laying Period

(20 to 52 wks.)
Marek's Disecse 1 0 1 c 1 0 0] 1 2 6
Prolapsed Uterus 0 1 1 0 3 0 0 2 0 7
Egg Bound 0 0 0 0 o] 0 0 1 0 1
Peritonitis 0 0 1 o] o] 0 0 0 0 1
Coli septimmeaia 0 0 0 0 0 0 0 0 1 1
Lymphoid Leucosis 1 0 0 0 0 0 0 o] 0 1
N.D.D. ** 0 1 o 0 1 0 2 1 2 7
Total 2 2 3 o] 5 0 2 5 5 24
Total

(Batech to 52 wim.) 6 10 6 5 5 1 2 8 7 50

*  Fatty Liver Kidney Syndrore
%%  No Definite Diagnosis.



Analysis of variance of amortality differences between

Table 11,

treatments for several time periods(%).

Colum Codg.
(1) Hatch to 4 weeks
(2) 4 to20 "
(3) 20 to 52 "
Source. df. MS
(Code) 1 2 3 1 2
Total 26 25 2%

NS NS
Treatments 8 8 8 41.58 6945
Error 18 27 18 72,57 62,21

Table 12,

Analyeis of variance of age at first ogg (days).

Source
Total

Treatments

62
8 611,52 3,52 1

254 173.94

NS
141.7

107.4

(18)



(19)
Table 13,

Comperison of treatment mean age at first egg (days).

Ranked Means. A-A1) D= B E~ F= G- C- He
A 179 -

D 170.7 4.2 -

B 1609 5¢0 0.8 -

E 1649 10,0 5.8 540 -

F  164.6 10.3 6.1 5B 0.3 -

G 164.5 10.4 6.2 5.4 WA 0.1 -

C  164.2 10,7 6.5 5ol Osl7 VWA 0.3 =

H  162.6 12,3 8.0 7.3 2.3 2.0 1.9 1.6 -
I 160.2 4.7 10.5 9.7 47 bed 4.3 4.0 2.4

wS.D. (58) = 10.73 (1%) = 12.3 days.

Table 14.

Analysis of Varlance of RBocdy Weight at age at first egg.

Source. ds. MS. P~teat.
Totsel 26

Treatments 8 0.0754 5.81 **
Blocls 2 0.0017

Error 16 0.0130



Comparison of Means of Body Weights at age at first egg. (1bs.)

H D Period Egg Production Analysis

Column Code.
(1) 20
(2) 24
(3) 28
(4) 32
(5) 36
(6) 40
(7) 20
Sourge.
(Code)
Total
Treatments
Blocks
Error

Ranked Means. A-A11

A 3.33 -

B 3.58 25
I 3.69 236
G 3.7 «39
c 3.73 40
D 3.75 42
E 3.82 49
¥ 3.82 49
H 3.83 +50

MSJD. (5%8) =

to 24 weeks
mopg m
W3y m
no36 ®
" 40 "
" g2 m
" 52 ®
gaf.
T ees 7
26
8
2
16

Table 15,

B- I-
1 -
14 +03
5 <04
A7 .06
o2 13
o 2% 13
«25 A4
0.33; (1%)
Table 16.

G- C-
.0 -
«03 .02
.10 .0
<10 )
+11 10
0.49 1b.

(total H D egg number)

#%

8.7
3.90
7.99

£l

2% 56
1,85

4.32

aS

3
NS
2,86
0.32
2.17

NS
1.38

0.19

D

.07
<07
.08

NS
2,76

0.23
256

E-

«00
.01

NS
2.43

3.56
8.95

(20)

Fee

.01

of Variance between treatments.

NS
4438.9

389.8
9897.0




(1)
Table 16a.

Average Treetmont H DF egg production per 14<iay period.

AGE Treatments. 5th *
(weeks) A B c D E F G H I RST
20-22 o 0 0,92 242 5,83 3.33 12,08 2,25 3.58 4.57
72-24 8.11 11,57 17.36 18.36 25.21 28.79 32.00 32.14 28.79 2.4

2%~26 42.12 52,43 51.79 49.50 59.07 65.93 61.86 70.21 56.43 52.00
26-28 75.64 53.25 70.64 T73.71 70,50 76.93 69.95 69.08 70.00 73.57
28=30 78,36 6.1 68.64 T8.29 70.7 73.36 69.07 70.56 70.7TV 82,57
30-32 75.49 T8.86 T6.04 70.14 70,7V 70.50 69.07 67.34 72.51 84.83
32-24 76,00 T8.86 75.93 T1.TV 74,58 73.36 7C.64 7T0.953 T7.29 8494
34-36 72,21 73.79 T1.93 75.25 75.38 68.C7 59.86 68.00 70.93 82.64
36-38 .69 T5.46 The08 65,77 70.62 69.77 64.08 67.76 70.08 82,68
3840 67.87 T3.07 72.25 67.40 69,49 Th67 65.40 62.69 66.80 83.09
4042 7064 66.43 72,79 7243 73.57 T.93 63.21 66.57 66.79 81.06
4204 72,43 67.7 67.97 65.7 66,93 63.36 61.64 62.43 62.43 .50
4L=Ub 62,50 64.00 57.43 63.00 60.86 52,79 55.74 57.43 56.29 T8.T3
46-48 70.54 68,00 63.43 T'.43 66.93 63.07 63.21 61.43 55.93 76.58
48=50 67.86 62.43 61.43 62,21 61,93 63.79 62,64 60.29 62.93 T3.44
50=52 63.46 63.79 60.86 62,21 63.17 65.50 59.86 57.14 61.29 T1.00
20=52 61.92 61,95 60.42 61.34 62,9 62,03 58.86 60.2% 60.60 73.58

% Average for all entries in 5th N.Z. Random Sample Test
which ineludes the White Leghorn Control entry = which
vere the birds used in trial CKN/50.



Table 17

Comparison of Treatment Means for H D Egg Production

2 to 28 weaks (same code as for table 16)

(1) Ranked Moans.

(2)

A
B
c
D
E
F

[

=

g -] (2] [ ] (o7} ~ (ep ] o g

1.17
1.63
2.57
2.90
4,23
443
hed7
4.7
5.90

M.8.D.

10.13
16.97
17,20
17.70
17.7T1
18.12
13.20
19.50

20,00

MS.De.

A-A11 B-
0.46 =
1.40 0.94
1.73 127
2.06 2460
3.20 2.80
3.24 2.84
305‘ 3'1L
4.67 4.27
(5%) = 2.59;

A<All B~

6.84 -

7.07 0.23

7057 0'73

7.“ 0'80

8.00 1.16

8.07 1'23

9.37 2‘53

9.87 3.03
(58) = 6.35;

C-

0.33
1.66
1.86
1.90
2.20
2,33
(1%) =

0.50
0.57
0.93
1.00
2.30

2,80

(1) =

D= E-

1 .33 i
1.53 0,20
1.57 0e¢2%
1.87 0.54
3,00 1,67
3.71 eggs.

- B~
0007 -
0.43 0.36
0. 50 0043
1.80 1.73
2.30 2,23

7.45 eggs.

F- I-
0.0‘ -
0.34 0.30
1.47 1.43

E- G

Oom -

1.37 1.30

1.87 1.80

(22)

H=

1.13

0.50



(3)
Table 18.

H H Pericd Egg Production, Analysis of Variance Table
for the complete 222 day laying period,

Sourge. af. 48 F-test
Total 134
Treataments 8 2,276.8 3.45 **
Blocks 2 115,786.1
Error 124 660.1

Tabvle 19,

Comparison of H H Bgg Production Treatment ieuns,

Ranked Means. C-A11 H~ G~ I-.  B- D- A- E-
c 19,1 -
1 119.2 0.1 ~
G 119.6 0.5 0.4 -
I 125,7 6.6 6.5 6.1 -
B 127.0 7.9 7.8 7.4 e -
D 127.1 8.0 7.9 7.5 1.4 0.1 -
A BT 10.6 0.5  10.1 4.C A7 2.6 -
E  130.1 1.0 10.9  10.5 hod 3.1 3.0 Ok -
F  137.7 18.6 18.5 18,1 12,0 10,7 10.6 8.0 7.6

M.S.D. (5%) = 14.43 (1%) = 17.0 eggs.



(%)
Table 20.
Apalysis of Variance nf Period Bgg Weights.

Column Code.
(1) 73 weeks of age.
(2) 2 " . r
(3) & ™ 7
Source. daf. xS
(Code) 1 ey 3 1 2 3
Total 26
NS NS NS
Treatments 8 3.004 5.5C4 44337
Error 18 4¢209 3.2% 2. 584
Table 21,

Analysis of Variance of Weighted Egg Weight for the

222 day Production Period,

Source, daf. MS F~tes
Total 26
Treatments 8 1.9%6 2,33 NS
Error 18 0.857
Table 22,
Analyais of Variance of Egg Quality Characteristics.
Golumn Code.
(1)  Haugh Units
(2) Meat and Blood Spots (arcain. root percentage transformed)
Sourceg. af. MS
(Code) 182 1 2
Total 26
NS NS
Treatment 8 he22 140.88
Error 18 5,23 264,08




Table 3.

Anino acid analyeis of 6 of the growar rations used.

(% of ration).

The requirements for the essential

amino acids are based on the same sources quoted for

Amino Acid
Lysine
Histidine
(Ammonia)
Arginine
Aspertic Acid
Threonine
Serine
Glutamic Acid
Proline
Glycine
Alanine
Valine

(3) Cystine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Total Acids %

#*

*%

Appendix I table 3.

Theoretical
Requdrement
1.0
0.4
0
1.0
0

0.6

A
%
0.70
%
0.27
0.45
#
0.80
0.91
%
0e45
0.6
PN
1.23
*
0.50
0.49
0.83
*
0.20
*
0.45
%
1.03
*
Oe45
0.8

B

3
0.70

®*
0.28
0.48

#%*
0.90
1.05
0.64
0.81

#*
0.47
0.75

12,14 14.00

Rations
Cc G

* =®
0,62 0.88
Oe R 0.36
0.35 0445
0.92* 1.35
1.14 1.27
0. 56 0474
0.75 0¢85
3.722 eyl
1,16 1440
OQ& 1 .&
0.63 0.82
1.1 1,16
0.6 -

% *
0e 2R 0.26
0.63 0,60
1 035 1'30

3* ®
0.54 0.6
1.03 0.91
15,44 16.75

*
0.92

%
0.34
C.52
1.2
1,32
0.81
0486
3¢
1,12
1.0
C.87
1.10
0.8

i
0.25
0.61
1.33

L4
0.67
0.54

17.50

C.T7
17.30

More than 0,05% less than the theoretical requiremant.

Basod on a high total protein (18-20%) and a high

energy (1400 Kcal ME/1b) ration.

(25)
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APFEDIX II.

Table 1,

¢ Composition of the Grower Ration used in LI/19

Maizemeal 35
Barleymeal 32
Pollard 15
Meatmeal * 7
Buttermilk Powder 3.5
Tucerneneal 3.0
Vitamin-mineral Supplement ** 0.25
Coccidiostat Premix #*#* 0.25

*%

%3 3»

100.00%

The meatmeal was a mixture of two meals rated
at 50% and 60% crude protein. A ratio of
64:46 wvas used in the ration.

The formula of the Vitamimr=Mineral Supplement
can be seen in Appendix 1, table 1.

The coccidiostat made up 0.006% of the ration,
mizxed in a pollard-base premnix.



Table 2.

Apalyeis of Variance of Weight Gains.*

Source. 4af.
Total 167
Treatments (T) 13
Blocks (B) 3
Tiers (T1) 2
TxB >
T xT1 26
BxTi 6
TxBxTi 8

%  Valid tests for significance are:

Tabla 3.

Analysis of Variance of H D Food Consumption

4S

0. 04456

0. 05137
0.02503
0.04150
0. 06144
0.05139

per bird per day (1b.)

Source. daf.

Treatments (T) 13
Blocks (B)

Tiers (T1i)

TxB

BxTi

3
2
X
Tx T4 2%
6
TxBx7T1 78

'E]

0.0004562

0.0007974
040003554
0. 0002082
0.0011609
0.0003619

NS

RS

(1) &/ (TxB)
(2) T/ (BxTi)
(3) TxT/ (TxBxTi)

NS

NS

NS

(27)
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Table 4.
Details of Mortality in the Laying Period (21-58 wks. )

Treatment N.L.* Marek's Prolapse N.D.D, ** Total % Treat-
Disease ment.
1 1 0 0 0 1 2.8
2 0 0 0 0 0 0
3 1 1 0 1 3 8.3
4 1 0 1 0 2 5.6
5 4 1 0 0 5 13.9
6 1 1 (0] 1 3 8.3
7 1 o] 0 1 2 5.6
8 2 0 0 0 2 5.6
9 1 1 0 0 2 5.6
10 1 1 1 0 3 8.3
1" 1 0 0 1 2 5.6
12 2 1 1 0 4 1.1
3 0 0 0 0 0 0
14 1 1 0 0 2 5.6
Total No. 17 7 3 4 31 -
% of all
birds 3.37 1.39 0.60 0.7 6.15 6.2

*  Non-laying
#%  No Definite Diagnosis
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Table 5.

Analyeis of Variance for Differences between
Treatment Mortality.

Source. af. 4S5 F-test
Total 55
Treatments 13 57.7 0,66 NS
Error 42 87.27

Table 6.

Analyeis of Variance of H H Egg Production.

Source. df. 48
Total 167

Treatmonts 13 2337.37 NS
Blocks 3

Tiers 2 4329.54 NS
TxB 39 4585.39
TxTi 26 3054.92 NS
Bx Ti 6 7301.38
TxB=xTi 78 12,426.54

Table 7.

Anal ysis of Varlance of H D kgg Froduction,

source. af. MS
Total 167
Treatments 13 25.43 NS

TxB 39 63.10
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APPEIDIX III.

(a) Derivation of the relationship between the level of pollard in rations
used in trial Ci/50, and price per ton delivered in bulk to the P.R.C.
The computation includes a factor for overheads and mixing cost of 21.9%.

Price per 1lb. of ration is given by :

brice/lb. = 14219 (P, P+ Py B+ P, M + P o, B' )
100 * -
vhere P = ¢ pollard.
B = ¢ barley.
M = ¢ meatmeal,

B! = ¢ baeal (conctent at 5¢).

P, = orice of pollard,

= n ti p -
PB barley.
R, = ! " meatmeal.
P = " " basal mix.

For trial CK/50 we can exjress any two of the variables B, P, I{1 as a
function of the other one (see section 3.7.4). Using percentage pollard ( P )
as the explanatory variable and substituting in the z2bove equation we obtain :

’rice/lb. = 1,219 (PP + P(97.2 = 1.2 P) + P, (=22 + 0.2 P) + Py, 5)
1oo

= 1:8109 ((P -1 2 PB + 062 PI‘I) P+ 972 PB - -'op- Pl'i + PB' 5)

where the prices are given as follows :

Price per ton ($) Price per 1b. (c)
PB 49.50 2475
P, 85.50 42275
P, 45450 2215
P 138.68 6.934

B'
we obtain for the price/lb. of ration, the following equation 3

Price/lb. = 3.241 + 0.00195 P cents.
or Price/ton = 64.80 + 0.390 P dollars.




o ) < o< P
Wt > w

31
36
4
46
51

Data used to calculate Regression Coefficients for trial CN/50.

= 31 week body weight (lbs.)

= hH H egg production

= H U egg production

% Pollard

Food consumption - hatch to 20 weeks (1bs.)
18 week body weight (1bs. )
20 week body weight (1bs. )

Table 1,

Body weight gain from 20 to 47 weeks

= dortality over period 20 to 52 wecks (%)

= Weighted egg weight over period 20 to 52 weeks (gms)

¢
17.5
15.0
19.6
20.8
21.8
22.3
27,6
23.6
249

3.02
3.02
3.00
3.05
3.02

3.3
3.2
3.28
3.3

Y&

2,90
4,28
4.40
4,03
4,46
4.47
4458
4450

4035

2.01

e

129,7
126.9
119.1
1771
130.1
137.7
119.6
19,3
125,7

v
-

)

7
127

«5

\

135.5
134.1
1%.2
128.3
137.7
130.7
133.7
1%.,5

g
6.90
6.90

10.34

16,67
0
6.67
16.67
16.67

(31)

%

52,6
51.4
51.8
53.3
53.2
57.4
52.8
5349
53.5

For each regression (calculated using least Squares Regression technique

(Snedecor et 8] 1967)) coefficient calculated, an estimation of the standard

error associated with the coefficient was made.

The sum of squares of deviations (Sdy. x2) was used to derive the mean

square deviation from regression (Sy. x2) and the resulting sanple standard
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deviation of the regression coefficient (Sb) as in table 3.2.1, from which a
t-test of significance the regression coefficient (b) was derived using (n-2)
degrees of freedom. This indicated the level of probability that the
independent and dependent vuriables were related by chance. A 5% level was
accepted as significant.

The value of r° (squared correlation coefficient) indic ted the amount of
viariation explained fophbhe relation~hip between ¥ and X b, b, or the “goodness"
of fit.

The estiiated standard error of ¥ (estinated), (Sy) wus nlso calculated.

.. teble of these values for trial Ci/5C i= presented belows:

Table 2,
Y1 Y? Y3 Y4 Y5 Y6 Y7 YB Y9
b 0,170 0.011 0.0126 0.0107 0.09 -0.09 ~U.(C95 0.20 0.0404
Sdy.x’ 0.9% 0.086 28862 0.2 G.520 290,56 36.713 29R.L1 2,888
Sy.x® 0,122 0.0'2 0.4123 0.032  0.077 41.51 5745 41.77  0,4127
Cyex 0.363 0.170 0.6421 0.1 0. 278 6. 44 2.0  6.46 0.642
3b 0.009 0.0C3 0. 016€ 0.0C4E  0.007 0.166 0. 059 0.17 0.0166
t 18.89 3.667 0.7590 2,326 1.250 0.56 1.607 1,06 2,434
Prob  0.001 0.01 0. 50 0. 04 040 0. 50 0. 20 0.40 0.05
r°  0.98  0.710 0.077 0.4  0.172 0,05 0.29 0,18  0.459
Sy 0.121 0.5 0.243 0,067 0,277 2e44 7.29 2,37 0.642
Table 3 : Data used to calculate Regression Coefficients for trisal Lr/19,

X = % JMeatmeal.

I, = H D egg number.

Y, = HHE " "

Y3 = Laying period mortality.

Y/+ = Food consumption per H D.

YS = Average egg weight at 56 weeks age.

= Body weight gain in the laying

period.



158.5
15445
156.2
163.0
159.6
155.0
162,7
155.8
159.6
162,7
16046
154,41
162,8

160.9

Table 3.

¥, Y3
155.2 é.8
154.5 0
155.1 Se3
159.3 5.6
146.0 13.9
148.0 8.3
156,77 5.6
149.3 546
15443 5.6
155.5 8.3
154.7 546
144,46 1.1
162.8 0
15544 5.6

Table 4.

4 5
.279 56. 38
<775 55445
« 270 56,91
. 270 56448

o765 56437

o 214 56,88

<279 56456
270 56404
<778 57,41
<270 554 57

. 705 504 84,
2 (A=W

.‘\04 DCe U

« 278 57.5%

.90
.80
.90
.72
.83

.92

.78

& complete tabulation of itegression bvata calculated for
trinl IT/19 using the variables in Appendix III, table 3.

For an explanation of the terms used, ree Appendix III,

n X
1 2,0
2 2.7
3 34
4 41
5 4.8
6 55
7 6.2
8 6.9
9 7.6
10 3.3
" 3.0
12 9.7
13 10.4
14 11.1
Dependent
Variable

B

L

Y3

1

Is

b
0.334
0.08
0.0
0.001
0.034
0.003

table 1.
Sd_y.x2 Syex
124.36 3.22
328.69 5.23
8,382 0.836
0. 0003 0.0053
3.613 0. 5487
0.051 0. 065

Sb t
031 1.10
0.50 0.166

0.374 0.211

0.0005 1.996
0.052 0.644
0.006  0.45

NS
NS
NS
NS
NS

NS

(33)

)
.00
«04
o2
o2
o2
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Table 5.

Price received per dozen eggs (for each grade) C:i/50.

Y

Large S tandard edium Pullet Undergrade *  Period.

56 52 45 35 29 16/7 - 29/ U
56 52 45 35 29 3/7 - 12/ 8/69
56 52 45 35 29 13/8 = 26/ 8/69
56 52 45 35 29 1/8 = 9/ 9/69
46 42 35 25 29 i0/9 - 23/ 9/69
42 38 33 23 29 4/y - A9
3 34 31 21 g/io -  21/10/69
46 42 39 29 <9 22/70 - 18/11/69
46 42 39 29 29 19/11 = 16/12/69
46 42 34 24 29 17/12 - 28/ 1/70

42 38 30 23 25 20/ 1 - 1@/ 2/70
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