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PREFA C E  

Chapter One of this thesis presents background irlfor,nation on the 

rearing of laying pullets and describes an experiment evaluating a series 

of rearing rations (�ith continuous variation of the levels of three 

major ingredients) in t er� of overall profitability. 

Chapter T� 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 v�riation of the 

levels of thre e �ajor ingredients) inter�� of overall profitability. 

The final chapter presents an a :Jprais al of the �ethods ava ilable 

for economic analysis of livestock rations, and discusses the problems 

associated �ith their application in layer nutrition. 

is suggested as a means of econo nic evaluation. 

:, profit function 
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I N T R 0 D U C T I 0 N. 

In :law Zealand, the modern commercial eeg producer f aces a cost structure 

in which feed costs are 50 to 65% of his variable costs. Therefore � 

economically oriented research in the field of poultry husbandry should be 

aimed at reducing this feed cost to the producer, while maintaining egg 

revenue. 

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

( 1 ) Reduction of the cost of the ration by the inclusion of cheo..::>er 

ineredients uithout significantly altering the totol amount o.f 

feed consu::ted. 

(2) Reduction of the feed cost by cltering a parameter (sueh as time) 

which reduces the total a.mormt of feed consur:'led. 

(3) �toduction ill feed cost by genetic s·election for birds with a 

better feed conversion efficiency. 

This thesis exrulli.nes the first two of these proposals applied to feed cost 

reduction in the rearing and the layine phase of the egc-producing hen. 

A deto.iled knowledre of poultry nutrition is required before the proble11 

of feed cost reduction can be investieated. \fore is known about poultry 

nutrition than other livestock nutrition , and there are several reasons for 

this: 

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

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

(3) 

(4) 

(5) 

Poultry are simple-stomached animals. 

The production period for poul�J is relatively short. 

Poultry is important in the economy of Britain and the U .S .A . 

It is important to know how much of each of the basic nutrients is required 

by the bird, ani 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 eff'ects betwen 

diff'erent nutrients, and also bet wen similar nutrients :from dif'ferent feed 

source s. Thus there is the question of whether to consider the problem in 

terms of basic nutrients, or feedstuff ingredients. 

Nutritionist� generally aim to achieve a diet supportinG opti�al physio-

logical growth and develonmen t, or even ma:ximun growth rate. This aim is 

often not com]Xl.table with an e cono nic or profit-oriented position. The 

confusion bet'IJeen econonic and physiolocic·:tl optil"lla is CO!"lf10!l in many fields 

of research. 

In the search for a solution to the proble� of feed cost reduction, one 

require s a :nethod of t)!'oduction o.n.'llysis '.Jithin which the nutri tional lmot·lledge 

may be used to the best aJvantaee, \oi hich also attaches i.'!lr:x>rtance to economic 

cons id era ti ons. The econo�c analysis of livestock rations has received 

closer study in recent years. 

Livestock products can be ·Hvided into two catecories on the basis of the 

biol ogical .rrocesses involved: 

(1) Tho se products resultine, from anim:ll growth, e.g. meat. 

( ?) 1 hose products \-lhich '1Xe manufac tured or secreted by the ani"l:ti, 

e.g. milk and eccs. 

This thesis is concerned with t he second ca.teeory - egg production. 

The response curve or production fun ction is considere d to be a useful 

method for econ omically oriented research as it is very suitable for marginal 

price analysis using calculus .roothods to find constrained optima. Response 

studies can be approached by considering the variable inputs as chemical 

nutrients, or actual raw ingredients. 

past to derive production functions . 

Both approaches have been used in the 

A production fUnction is an expression of a production situation as a 

mathematical model, and can represent the output or yield response to continuous­

ly changing levels or input( a). (Heady and Dillon 1961 ). It is purely a pb.J'sical 
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concept and can be considered completely separate f'ro!Il any economic or .{rice 

analysis. However, the main use and development o:f the production function 

has been in the field of econo�cs. 

The continuous response curve, as the production function cUTVe is often 

named, differs from the clansical or discrete ap)roach in the analysis of 

experimental results. The usual object of the d iscrete approach to experi­

mentation is the e�ta1)lish-,.ent of ntD.tistJcal sicnificance (or otherwise) 

between the yield or output level of severql discrete t reatments or input 

l�Tels. Res:rx>nse, or production function an<1.lysis, often involves the use 

of n greater nu11ber of levels of inputs ond output.� and thus 'T!ay have a higher 

e:xperi.11ental co st. Ilo\o.'eVer, -:he cost �r unit of useful 'lana.gemcnt information 

obtained is generally much less for the response curve desie;n. 

The11 ideal11 nutritional production function relates chemicals available in 

rations to those re'l,uired in the :nanufacturc of the er,r product. This involves 

a knoHlede;e of cell '"'lechanisms, .Ucestive proce'"'ses, nutrient absorption and 

trans port, toeether with the various enzyne� �d ho�ones controlli�e these 

reactions. This detailed nutritional kn:mlcde;e is not lmoHn and may not be 

required as long as an accurate .,nd repeatable production fu'1ction can be 

esti.11ated U!'>ing the more easily -nea.qured inputs of either nutrients or feedstuffs. 

With either a:)proach to livestock ration analysi!O, there is equal difficulty in 

interpretation of results because of the large biological variation inherent in 

livestock and plant products. 

Thia thesis is an example of the necessity .for the combination of kno-wledge 

from t\ro widely dif.ferent disciplines poultry nutrition and economics. Inter­

disciplinary cooperation in research is very important in such pr ... jects and this 

has become clear particularly in the a n alysis of the experiments dealt with 1n 

this thesis. Some appreciation of the economic problems involved must be gained 

by the nutritionist (and vice versa for the economist ) for succeosful eo-operation 

in this type of research. 



CHAPTER ON& 

GROWTH AND DEVELOPMENT OF LAYI!fi PULlETS 

1.1 The rearing of the chicken differs in many important aspects from the 

typical picture vith larger domestic an'mals: 

(1 } They are incubated artifically and reared in large numbers in intensive 

conditione 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. 

1 

(2) During the initial 4 -weeks brooding phase, the chick is partly poikelo­

thermic and does not reach a Mly homeothermic condition until 14 dB38 

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, Sai.ns-

bury and O!baldiston 1963, Charles 1970} has defined the optimum 

conditions of temperature, light (Morris 1966, 196'kl., Morris and FO% 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 environment for optimum performance. 

(3) The growing phase extends from 4 weeka to an arbitrary point varying from 

20 to 25 weelaJ depending on breed and strain. Usually this point 18 7 to 

1 0  daya before the first egg from the flock ia expected to be laid, it 

being considered desirable to shirt. the growing birds to the layi.Dg 

quarters before the event of lay. Growth of the body size contin....- for 

a period after the <meet o£ la,y \Dltll 118.ture body else 1e reached at .32 to 

48 weka ot age depending on breed aDd atrain" 
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(4) In normal commercial practice, the groving phase terminates with the 

shifting of the atock to laying quarters at 1 9 to 25 weeks of age. This 

1s usually achieved by delaying sexual maturity untll about this time by 

controlling the light pattern or photoperiod, which partly determines the 

rate of sexual maturity. 

(5)  Although a given strain may, with a particular light pattern, be 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. 

Sntall 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 1s a 

high mortality from prolapse of the uterus and associated egg peritonitis 

infections. 

(6) Delaying sexual maturity is also aided 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 untU a more mature body size 

1s reached. Both light and nutritional methods will be discussed in 

greater detail under sections 1. 2 and 1 .4 respectively. 

( 7) Being simple stomached an1mals, usually reared intensively, a completely 

formulated diet has to be provided, with the correct nutrient levele 

commensurate with econoodc developttent 1n relation to subsequent product­

ion. 

( 8) 'l'he housing and management syete used 1n the brooding and growing phases 

dif'fer widely: free range on grass, deep litter wood shavings, and cagee of 

variom shapes and sbee. 

(9 ) With high stock concentration_ disease control 1s particularly illlportant to 

maintain low levels o� mortallt.y. 



3 
(10) The numbers involved 1n 81\Y oDB batch or farm run !.nto thoUianda at a tiJM 

ao that peysical apace and weight or reedatutfa consumed, manure to be 

removed and bird weight to be shif'ted at housing ti.Dte� is considerable. 

There is no such thing as "driving mobs or poultry" - they must be handled 

singly at every stage. 

( 11 ) The aim in the rearing phase is to produce a bird capable of la_ying 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 breed or strain concerned. 

( Nordskog 1959) 

1.2 Dela..ving Sexual Maturity. 

or the ma.ny important management factors contributing to successful rearing, 

the aspect or 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 grovth "curve" such that there is an 

optimum economic delay between the eornwmcement of lay and the point 'Where egg 

size attains a weight sufficient for an increasillglY significant proportion of 

eggs laid to qualify for the �her priced grades. 

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

(1) The atra.in or breed grovth characteristica. 

( 2) The price dif'ferential of the different egg grad•. 

(3) The price or the rearing ration. 

(4) The price of the layer ration. 

(5) The labour. arn buildiDg depreciation e<-.te as ociated with 

the ditterent objects of a l.eyer wraw a growing houee. (A 

lqiDg bo\18 1nvolws the use of more expensive equipll8Dt.) 

(6) The time factor associated with a yearly cycle o-r fara operations. 
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The Rqle ot !4pht in Sezual Maturation. 

The physiological mechanism which determines the rate of sexual ��&turity !a 

activated by light of a certain wavelength- intensity, and photoperiod, falling on 

the eye of the bird. This stimulus 1o10rks through the optic nerve, and if the 

nutritional status of the body 1s 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 181' 

eggs (though usual ly at a reduced rate) so the photoperiod-light stimulus only 

modifies an already existing "physiological" clock. 

umer natm-al jungle conditions the vild fowl from vhich the domestic fowl 

evolved, only lays one or tvo clutches of ten to twelve eggs each, per year. Thia 

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 rnid-December. From this day on-wards, the birds are exposed to 

a diminishing photoperiod and this has a delaying effect on their rate of sexual 

matm-ity which occurs between late summer and early vinter. 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 � in a year, manipulation of 

the light pattern can hasten or delay the actual onset of lay • 
• 

Morris � � (1958, 1960) des cribe methods for delaying sexual maturity by 

exposing growing birds to a decreasiDg photoperiod. The same effect can be 

achieved by a conatant but low level photoperiod such as 10 hours or light per dq 

(Morris 1966, 1967a)(used at the Poultry Research Centre (P.R.c.)).. If grold.ng 

birds are exposed to an increasing photoperiod during the rearing phase then 

maturity will be hastened, and the bird wlll begin to lq before bod,y aJ.ze 18 

sufficient to enable an econOt'llic-pbyaiological balance between egg production rate 

and egg s-ize. Egg aize will remain uneconomical.l.y small for a long peri.od. 
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Even this size produces such a strain on the bird, that prolap!le of the uterus 

can occur. 

It may be usetul to further discuss the concept of body size. Body wight 

is a tunction of the skeletal framework and the amount ot IJIU8cle and rat laid on 

this frame-work. Obviously then, body weight on its own 1.8 not a good indication 

ot body size or body preparedness to commence lay. Some meaeure or 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 ( 1 967) 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 breed. 

On an emironmental scale, a lo-wer body wight than the mean was found to be 

associated with del�d sexual maturity and reduced egg production, e.g. a small, 

runty White Leghorn takes longer to mature and lays fewer eggs than its heavie�, 

possibly more healthy, sibling. 

Birds heavier than the mean on an environmental scale are also poor producers 1 

probably because of excess fat deposition. 

The optimum body size for egg production commencement is thus the result of a 

compromise between physiological and economic factors. 

'!'hov.gh light is the easiest and cheapest method ot delaying sexual mattn"ity, 

there are other methods which act through the same hormone netwrk, such as bigh 

iodine levels in the diet (Wilson, Arri.ngton, Harms 1968), and restriction of 

essential dietary nutriente which affect the state ot body preparedness for the 

gonadotrophic hormones to act upon. (See section 1.4) 

Diete low in essential nutrients are generally cheaper. So the primar,y 

conce� with such rations 1a not that they delay eaual maturity,. but that they 

reduce the cost of rearing. 
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Another Approach: 
Delayine sexual matut"ity may be attacking the problem of optilllum 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. Thil uay 

require a good quality ration, but the extra expense of this wuld be offset by 

the shorter growing period. 

The genetic change required is for a faster growing bird - like the broiler 

or meat chicken Wich already exists today. '!'he problem to be overcome is a 

negative genetic correlation between rapid growth rate and egg production. 

BroUer 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 eontinue 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 pulleta. 

The Nutritive Requirements of Growing Pullets. 

As a result of the intensive technological advances in the knowledge of 

poultry nutrition, much is known about the nutrient requirements of poultry, and 

the nutrient contents of a large number of feedstuffs. This knowledge is in the 

fom of protein levels (Kjeld.hal nitrogen x 6.25); energy levels (measured in ter!DII 

of Metabolisable Energy); amino acids (obtained by automated amino acid analyser 

machines ) ; amino acid avallabllity (obtained les s accurately by a combination of 

chemical and biological assay techniques); mineral, aDi vitamin levels. 

Hence the list of essential nutrient.q and/ or desirable nutrients, and levels 

or nutrients is quite a large one in the field of modern poultry nut;rition. 

There are several sources of var-iability to be considered when fornaulating a 

diet to provide adequate growth and developaent. 

( 1 ) There is insufficient knowledge of nutrient lnela required for variOUB 

breeds. straina and ages of poultry• together with 1nteractioD8 between 



these and factorw such as housing and equipaent type..,. temperature 8Dd 

other enviroDIIlental factors. 

( 2) There is vide variability of nutrient levela 1n ingredients aa 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 meatmeal&. 

(4) Nutrients from different ingredient sources (e.g. protein from barley 

or meatmeal.) will interact in different ways when n:d:xed in a ration 

(e.g. high lavels of iron in the diet ��1 prevent utilization of 

phosphorus. ) 
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Hence, there is insufficient knowledge to enable precise and accurate levels 

of nutrients to be stated. The combined infor:"'....a.tion 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 coat feed mixes. On testing these rations in practice, they are not alwaya 

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 limits vithin which economic 

growth and production can be achieved. 

Requirements are most critical 1n the early gro'Wing stages. For the firet 

four to eight weeks a "starter" ration 1s uaual.ly fed. This provides a high 

concentratio.n of nutrients and 1s relatively expensive although with the small 

chickens, the vol1JD8 consumed is not great (say 600 glDI per bird over 4 weka). 

Nutrient requirements, especially protein, decrease with age. Aa a bird 

grow, a greater percentage of the diet con&'llliiBd t be used for mainteDaDCe,. 

and leas for growth. Since the quantity of JrOtein needed for maintenance ill 

relatively lov 0011pared vith that needed f'or growth, the proteiJl :requ!reraent, 

expressed as a percentage of the diet, usually f'al.l.a_. 



Table 9.73. EXAJ\lPLES OF STARTER, GROWER AND DEVELOPER DIETS 
FOR REPLACEJ\lENT PULLETS 

lngreditnts 

Starter 
((Hi wks) 

a b 

Pullet grower 
(6--72 wks) 

a b 

pounds per 7000 pounds 

Corn meal, No. 2, yellow, 
ground............... 560 

Wheat middlings ............. . 
Barley, pulverized ............ . 
Oats, pulverized. . . . . . . . . . . . . . 100 
Stabilized grease ............. . 
Soybean meal, low fiber, 50% 

protein . . . . . . . . . . . . . . . . . . . . 240 
Fish meal, 65% protein........ 50 
Fish solubles, dried basis ...... . 
Meat and bone scraps, 50% 

protein ................... . 
Corn distillers dried solubles ... . 
Whey, dried product .... 
Alfalfa meal, 17% protein. 
Dicalcium phosphate .. 
Limestone .................. . 
Salt, iodized ................. . 
CL-Methionine ............... . 
Vitamin premix ............. . 

Calculated composition: 
Protein,% ............. . 
Metabolizable energy, Kcal/lb 
ME/P .................... . 
Calcium,% ...... . 
Phosphorus, total, % ....... . 

available, % ............ . 
Lysine, % of protein ....... . 
Methionine, % of protein ... . 
Cystine, % of protein ....... . 

25 
10 
10 

2.5 
0.5 
5 

21.7 
1350 

62 
1.0 
0.69 
0.48 
5.6 
1.97 
1.6 

470 

150 

10 

225 

5 

60 
25 
15 
25 

7.5 
2.5 
0.75 
5 

21.8 
1340 

61.5 
1.0 
0.7 
0.48 
5.4 
1.97 
1.6 

Table 1 .3. 1 .  
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630 

100 

190 
25 

25 
15 

7.5 
2.5 
0.4 
5 

18.2 
1370 

75 
0.9 
0.67 
0.45 
5.2 
2.0 
1.6 

662 
100 

125 
10 

55 
10 

25 

5 
2.5 
0.5 
5 

17.8 
1350 

76 
0.9 
0.7 
0.45 
4.9 
1.95 
1.6 

1.1. Soott, 

Pullet developer 
(72-20 wks) 

a 

677 

150 

100 
20 

25 
15 

5 
2.5 
0.2 
5 

14.4 
1390 

96.5 
0.8 
0.64 
0.42 
4.5 
2.0 
1.7 

b 

675 
100 

75 

60 

50 

25 

7.5 
2.5 
0.5 
5 

14.3 
1380 

96.5 
0.82 I 
0.62 
o.4o I 4.2 
2.0 
1.7 I 

.f.C. Nesheim, 

R.J. Young ( 1969) M.L. Scott and Associates, Publishers, N.Y. 

p.455. 

7 ( i) 
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After 4 to 8 weeks, the etarter ration is usually replaced with a grower 

ration, containing less concentrated nutrients. It is cheaper but more is eaten 

as the stock grov larger. 

The grower ration may be fed until maturity though a "pullet developer1 

ration may be fed from 1 2 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 or this table in conjunction 'With figure 1 • .3.2 -will illustrate 

how the ration composition alters with rate of growth {as represented by the 

slope of the graphed line. ) 

Within certain limits, birds will eat to satisfY their energy requirements. 

Accordingly, there is a need to adjust nutl•ient concentration s depending on the 

energy level of the ration. (Morris 1967, Dewan and Gleaves 1969) 

Nutrients are provided by .3 major dietary fractions : 

( 1 ) Cereal portion : barley 1 wheat, maize and pollard are COminonly 

used in N.Z. 

( 2) Protein Concentrate : meatmeals and fishnteals are used in N.Z. 

Soyabean is a vegetable .rrotein more common in Britain and the 

United States. 

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

provided by some manufacturers. Starter, grower and layer supple­

ments are common in , .z. 

1.4 Ihe E.ffeet or plane o£ Nutrition during re;rina 9A production. 
In section 1.2 it was noted that nutrient restriction had the effect or 

delqing sexual turity. Whlle manipulation or the photoperiod is the easieet 

and safest way to delay ��aturit.,", some auistance trom nutrient reetriction mq 

be o£ value.. Howver • aa previo l.y taentioned, the prima aim of the reariDg diet 

1a to produce an adequate lrqing bird at as low a cost u possible. reed con-­

stitutes a major cost item in 1"88ring1 and lo'WV planes of nutriticm ut.Uiae 
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cheaper ration ingredients. Thus the major a1la in nutrient restriction in the 

growing period is to reduce costa. It is only incidental that these cheaper 

. rations have e.ff'ects such as delaying sexual maturity. It should be noted , bow­

ever, that the del�ing effects are usuall.y additional to photoperiod effects , 

which may result in an excessive delay in maturity. 

There are 4 main methods of restricting nutrient intake : 

( 1 ) Limited feeding time - where food is only available for certain 

periods during the day. 
(2 )  Restricted quantity of a balanced food per unit of time ( e. g .  per 

day ) on the basis of an �  lib. quantity. 

( 3) Nutrient dilution - by using ingredients w1 th inherently low 

nutrient levels , or dilution with high fibre ingredients such 

as oat, rice or wheat brans . 

(4 ) A diet containing imbalanced levels of nutriente such as amino 

acids . 

Comparisons between results of different workers in this .field are mde 

difficult for several reasons s 

( 1 ) 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 profitab111ty. 

( 2) A more difficult problem to solve is that of' environmental variation 
due to the degree of management efficiency and housing type. Some 

restrictive nutrient levela might be stressfUl in some poorly managed 

environmente - coneequentl,y that particular treatment wuld be 

penalised by a high mortality. or low performance. 

( 3) t restriction programmes follow after a period varying from 4 to 12 

weeks• during which ti..IIB the chicken vas fed on a highly nutritive 

starter ration. lfoW8'98r• eome recent work 18 being done looking at 

progratDID9Il lllhich reetrict thB diet t:rom day-old. 
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(4 ) Any physical. evaluation that is carr1.ed out on the basis or laying 

results is faced with the problem of when to finish the comparisons. 

Bullock, toorris and Fax: ( 1963) put forward an interesting bypotheaia to erplain 

the later peak and more persistent egg production of restricted birds , which also 

show that depending \ilhether comlBI"isons between restricted and f'ul.l.-fed bird8 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 ley 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 generall.y fail 

because the birds learn to eat more quickly in the time allowd. ( Lepkovsky, Chari­

Bitron, Le:mnon, Ostvald and Dimick 1 960. ) 

Food allowance is usually restricted by feeding a pre-determined fraction of 

the � ill· intake of a control contemporary flock. A 7Cfl. level is eol1l!D.on. 

(Gowe, Johnson, Crawford , Downs , Hill, Mountain, Pelletier, S train 1960. ) . Contus­

ion has arisen over this particular method because of significant interaction 

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. 

Economic advantages of this type of restricted feeding are more obvious 1n 

the second and third years of lay.. {Hollands and Gowe 1961 . )  Thus it wuld 8e8Dl 

that the beneficial eff. cts of reatrioted feeding on reproductJ.ve potential are 

not obvious or even economically utilizable tml.ess pulleta are taken beyond their 

first year of lay. As it is econoadcally feasible to do tbie , the advant-

age of such restricted quantity progr811Dl88 is dubioua. 

The first tw tqpea of nutrient restriction as are discussed above,. aeem to 

have little practical application� though Lee( 1 969 )  would dispute this etate•nt. 
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Qualitative Reatl;iotion. 

Fibre dUution methods ean result in substantial feed eost reduction in 

certain price situations , a11d also delays sexual ma:turity. In some s ituations 

high filre diets � be uneconomic as they lead to increased food intake beca:tae 

of the low energy conten-t. (�uisenberry 1 959. ) 

Most experilllents dealing with restricted feeding have been concerned v.i.th 

restriction of all components of the diet in equal proportions : energy 1 protein, 

minerals and vitamins. This is trae of fibre dilution techniques as well aa 

quantity a.r¥i time restrictions. 

It is difficul. t to distinguish between the effects of nutrient restriction 

achieved by dilution with high fibre brans , or the use of inherently low nutrient 

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 level ,  and the periods over which each is fed . 

Energy effects on consumption are probably also a cond.'ounding factor, as low 

protein am low energy are general.ly associated 1n a diet - am where the bird 

" overconsumes" to fulfil energy reqlrlrements , it also increases the protein 

intake. 

Low-nutrient restrictive diets have an importsnt feature which enables them 

to be classified into tw groups ( for review purposes ) .  

The maJor group of wl'kers employed a programme of feeding a good quaitity 

starter r tion to 6 or 8 weka of age , followed by restrictive diet untU 20 to 22 

veeka of ag • Such a r eding programme places a 11stress0 or rapid growth on birdl 

during tbe starting period• and a further stress or nutrient reatriot1Qn 1n the 

growing period. A. more logical approach 1«>uld attempt to remove these •tressell b7 

allowing the pullets to grow at a lcn.�er• more uniform rate from day-old . untU 

point or lay. This desired type or progragun 11 can be compared graphically with 

tbe cme moat farmera are nov uaing. (Fig. 1 .4. 1 ) 
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There la a considerable volume of published material which deaeribea the �vo­

level system ( " present" ) ,  but there are very few utilising the a1 ternativa 

11 des iredtt bypothes is .  

Most experiments used a single high level sta...-ter ration up to 6 weeks 

( Blair, Bolton, Morley J ones 1969 ) ,  8 weks ( Berg and Bearse 1958 ) ,  9 weks 

(Bulloc.'k, t.forris and Fox 1 963 ) ,  1 2  weeks (Smith 1 966 ) ar some intermediate age. 

These grou:f8 of birds were then "split" aver several restrictive 11planee" of 

restriction in protein and energy; the protein levels ranging from 21 % ( the aame 

as s ome starter levels ) to 1 0. 5% (Bullock � !Y: 1 963 ) • 

Energy levels usually vuried at the same time , and in most cases , where corn 

starch vas used as a dlluant, ( Bullock et !!! 1963; Smith 1 966 ) the 10\Jer protein 

rations were higher in energy. This may have affected the consumption rate a.a 

appetite is supposed to be controlled mainly by energy requirements. Hovever, 

in one ease (Smith 1 966 ) the lowest protein and highest energy ration ( 1 1%  and 

2850 kcs ME/kg or 1 294 kcs .fE/lb ) also had the highest consumption rate. Bullock 

� � { 1 963 ) made a special effort to make the rations all isocaloric at 2590 kcs 

Wkg ( 1 1 75 kcs >1F/lb ) so as to separate energy and pr-otein restrictive effects .. 
Blair � al ( 1 969 )  also ea.'ll9 close to the isocaloric ideal 'With rations varying 

only between 2592 kes MF/kg ( 1 340 kr.s >Wlb ) and 3062 kcs MF/kg { 1 .390 kcs :-il/lb) 

for a protein range of 1 1 . 5 to 1 6.3% respectively. 

All of these wrkers quoted above carried tb� rastrictive regime on untu 

point of lay• or housing in laying quarters ,. or 20 weeks of age - exeapt for Blair 

n !!:1 {1969 ) who raised the protein levela at the end of the 16th. week. 

Where energy levels were reasonably constant: as protein levels tell, so did 

rate of consumption (Bullock � ..!! 1963, Blair .!:§ !:1,1969 ) . Sexual maturity was 

usua.lly del83ed (Bullock § !1 1963. Smith 1 966 )  but in less restrictive ratioat 

( 1 1 . 5% protein to 16 : Bla1r .u � 1 969; 1 5% protein to 20 weeka : Berg n .!1 

1958) there were no significant delays.. The a situation occurred ·with weight 

gainfs during the experimental period: protein levels below 1 2$  depressed grovth. 
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Subsequent food conversion efficiency (as  measured by food consumption per dozen 

eggs ) in the layirag period, seemad not to be affected by the rearing treatment 

( Berg � y 1 958, Blair et � 1969 ) .  However, 'Where reported, egg weight was 

smaller at the beginning of the lay (Blair � � 1969 , Bullock � 1Y. 1963 ,  Berg 

n li!J. 1 963 ) but 11 soon" recovered. The critical factor economieall.y is whether 

this initial depression was sufficient to affect profit comparisons bet'WIJen 

trea��nts. This comparison was never made. 

'l'he number of eggs laid in varying production periods was usually not sign! .. 

ficantly different from the high plane grower controls. The production periods 

varied up to the ages of 64 and 71 weeks. This makes comparisons betwen the 

results of different workers of doubtful value - especially so in the light of the 

hypothes is discussed above (Bullock et al 1 963 ) . He1'0 c-tgain, the most interesting 

comparison would have been u profit i."ldex which could encompas s the lower price for 

a greater number of smaller eggs - { but possibly an ident.ial total mass ) wen com­

pared with a fewer nwnber of high price large eggs . 

l.forta.lity levels over the growing and laying periods -ware never significantly 

d ifferent between treatments , though Bullock et al ( 1 963 ) did hypothesise that 

restricted birds might have a better survival wlue. Summers et al ( 1 970 ) give a 

possible explanation of the mortality situation in their consideration of the stress 

placed on birds vi th these type of restrictive growing pt"ograrnme. Evidence is 

accumulating (Summers � !!J: 1 970 ) that where the �estrietion programme 1s a uniform 

one from day-old, the stress is considerably reduced. Summers et !! ( 1 970 ) 

report an experiment using 20% and 14% protein starter rations where the more re­

strictive ration "notably reduced" losses dues to i"fareks Disease. 

Proudfoot and Aitken {1969 )  looked at 5 White I.eghorn strains fed 1 o,C and 16% 

protein rearing d iets � 8 weeks of age ( previously on a high quality starter 

ration} .  rtality due to � Disease significantly lower 1n &OIIlo geno-

types .  al¥i also lower in the low protein treatments. This result !.a contrary to 

those of Berg � !J: ( 1 958 } , Bullock et al { 1963 ) , Blair n !J: ( 1 969 ) ,  in that 



14  

mrtal.ity levels varied at all; and also contravenes the hypothesis expounded by 

Summers � .!1 (1970) above. 

Experiments with energy restriction {looked at independently of protein re­

striction ) generally follow the pattern or a high starter ration level, then a 

constant lover energy level until maturity { Bullock ,ti ,!! 196.3 , Bolton, Blair and 

Knight 1969 ) , though Wolf, Gleavee , Tonldnson, Thayer and Morrison ( 1968 )  allowed 

a grad ua1 lowering or energy levels until 20 weeks . This latter experiment is 

interesting in that very low energy levels wre used throughout. Until 8 weeks 

ot age all birds were on a 220.3 kca MF/kg (1000 kce MF/lb ) ration which was 

lowered at varying rates to 1460, 1820 and 2190 kce MF/kg (662, 827 and 99.3 kes 

MF/lb) by 21 weeks or age. These variable levels wre able to be considered 

independent from ration density and protein level consideration, by the use or 

polyethylene nurr' and sand diluents in the diets . 

The low energy rations delayed sexual maturity and raised food consumption 

levels. The lowest energy level was the moat depressive on subsequent egg pro­

duction - though the comparison wae only made untU 64 weeks or age. Egg wight 

was not significantly affected. 

These results follow those of Bullock ,!!l .§:! (196.3 ) and Bolton ,n .§:! (1963 ) 

though the latter workers used relatively higher energy levels 1 Bullock � .M 

(196.3 ) comparing 2590 and 1940 kcs MF/kg (1175 and 822 kca Mlf/lb ) ; and Bolton � 

,!:1 (1969 ) comparing 2996 and 2290 kca MF/kg (1.36o and 1040 kca MF/lb ) which 

followed a 6 to 8 wek starter period. 

Bolton � .!1 (1969 ) had a unitom calorie-protein ratio or '19 tor the grower 

rations , eo the high energy ration was also a high protein ration. Even though 

the stock used vera light hybrids {'Thornber 6(i)" ) the body wighte were aceea­

ively high on the high energy ration, aDCl egg production wu lower in the tollovi.ag 

lqing period. Like Blair .§! .!:1 ( 1969 ), Bolton ,n .fY. ( 19f:FJ ) onJ.¥ ran the experi­

Jient rroa 6 to 16 veeka. 

� Wolf' .G .!1 ( 1968 ) changed the ration Jll"Otein leveb gveey 4 weelal from hatch 
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to 20 weelas . Two planes of nutrition were used • aDi the two- sequencee were as 

follows : 21 , 20, 1 5. 2, 1 3.9,  1 3 .3% proteins for the high plane; 1 7, 16,  1 1 .8, 

1 o. 6, 9 .  9% for the low plane. Both levels were placed on a 14 .7% protein and 

2h75 kes ME/kg ( 1 21 5  koa l.{E/lb) layer ration at 20 -weeks of age. 

Bolton .§1 .!! ( 1 969 ) changed levels at 6 ,  1 6, and 49 weks of age, again 

choosing a high and low plane vhich were both less restrictive than those of Wolf 

� al ( 1 968 ) .  The two sequences were as follo'WS : 21 ,  1 6.9,  1 8 . 1 %  protein for the 

high plane; am 1 8. 5,  1 5.0, 1 6. 2%  protein for the low plane. These levels were 
� 

not very restrictive and no effects on sexual maturity, body weight gain, eventual 

egg weight or food conversion efficiency were found. Even with the more restrict­

; ive regime of Wolf � al ( 1 968 ) ,  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 ( 1 966 ). This exploratory step involved com-

parisons between 21 ,  1 6  and 1 2  % protein diets throughout the growing period, with 

combinations changing at 8 weeks in addition ( for example one group changed from 

1 6% to 1 2%  after 8 weeks ) .  

The associated energy levels vere 2120, '2490 and 251 0 kcs MF/kg ( 1 ):.\S, 1 130 

and 1 1 40 kcs MF/lb) respectively. 

Peteraon, Sauter and Lampnan ( 1966 )  compared isocaloric diets vith 20, 1 8, 1 6  

and 14% protein levels from day-old ,. as did Santana and Quisenberry (1 967) ;  Summers 

Pepper am Moran ( 1 969 ) ,  over a simllar range of proteins , and a slightly larger 

range of energy values. Diet ingredients used, play an important part in these 
comparisona , and in th1a wy imbalances in amino acids can occur even though crude 
protein levels might be high. 

Santana n !!J: ( 1 967) supple ented their 14 and 1 2J  diets with l.yeine, methion­

ine and tryptophan while still cla1ndng a cost saving owr the 1 8  and 16% protein 

diets; howwr egg production and eeg veight on the subsequent layer diet were Te'r1' 

reduced aa a result of the 1 2%  protein grower diet, so presumably other amino ac1da 
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became limiting in the grower ration. 

Weight gains during the groving period were significantly lower as reported 

by Lillie et al { 1 966 ) on a 1 2% protein diet, but compensatory growth occurred in 

early lay. Peterson et §! ( 1 966 )  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 1 2%  protein after 7 weeks of age necessitated methionine 

and lysine supplementation whereupon cost savings became questionable. 

Summers et !Y.: ( 1969 )  reduced protein levels from 14% to 1 3% at 8 weks until 

25 weeks of age (a com-eoyabean based diet ) with no apparent ill effects , though 

in Australia, Payne ( 1 969 )  found that when barley replaced a wheat-eorghum com­

bination in the cereal fraction of the diet, egg production � depressed ,  and 

this was worse in some particular strains. This effect ( Payne 1 969 )  was part-

ially alleviated by methionine supplementation and the pt"OVision of a good 

quality layer diet from point of lay. 

Sexual maturity was significantly delayed ( by an unstated amount ) at protein 

levels below 1 4% ( Peterson et al 1966 ,  and Santana et al 1 967 ) ,  but neither 

Summers §!: al ( 1 969 )  nor Lillie et � ( 1 966 ) reported any significant delaying 

effect. 

Food consumption was higher on the lower protein rations , but these were also 

the low energy diets ( Llllie � J!1 1966 ) . However, Summers .f!1 .!! ( 1 9� )  reported 

no differences in consumption rates - howver, these birda were all placed on a 

1 3% protein ration from 8 wek8. ( It will be recalled that where isocaloric 

diets were used ( Blair ti � ( 19fi:J ) and Bullock ,ti � ( 1963 ) ) • the low protein 

diets were conaumed at the lowet rate. . ) 

Food conversion efficiency into weight gain was only recorded by L1llie ,& � 

{ 1 966) wo reported no aigniticant ditterencea up to 20 weeka of age. 

Egg production wa.e not depressed in the laybg period at 14% or even 1 2$  

protein grower levels (Summers ti ,!l ( 1 969 )  and Lillie n ,!1 ( 1 966 )  reepectlvel.y, 

in sOtDB experiment. , but in others • theee a811l8 level.ll ( Pateraon .!! ,!1 ( 1966 )  and 
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Santana ,U J!l. { 1 967 ) respectively, �ed a lowering 1n egg number am a reduced 

egg weigh�. 

Egg weight however was not depressed at 1 2%  protein levels with some wrkera 

{ Lillle n .§:! { 1 966 )  ) though 14% protein in the first 8 weeks in others {Summers 

ti !J. 1 969 )  caused a o.6% reduction in egg s ize (though only significant at the 

5% level of probability. )  

Most of the above wrkers recommend a programme for rearing using a slightly 

higher starter level ( betwen 14 and 16% protein� dropping about 2% at 7 to 8 

-weeks until point of lay is reached. 

Nutrient imbalance effects on growth and development probably act indi.rectl.y 

1n these low protein regimes , and some wrkers even advise amino acid supplement,­

ation to avoid imbalance depression additional to the alre� low protein regime 

{ Peterson et al 1 966, Santana et � 1967, and Payne 1 969 ) .  

Some workers have deliberately included poorly balanced ( amino acid-wise )  

ingredients to investigate imbalance effects independent of low protein levels . 

Summers et al ( 1 969 ) 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 s ize were lower and food consumption also low on the feather meal diet. 

Compensatory grovth in the la.Ying period was twice as high as those birds grown 

on the 1 4% ration. 

By feeding a diet deficient in l.yaine ( �% of requirement ) from 4 to 1 2 

welts of age , Singsen.. Nagel, Patrick and Mattereon ( 1 �  -. S ) managed to delay 

sexual maturity and reduce the bod,yweight of meat type laying pullet& without 

other ill effects becoming apparent. 

An approach not common.ly seen is tbe use of Ce.lorie (per pound ) - Protein 

ratios to compare profitability ot various rearil'lg prog1'8.1J11J1e8c.. Wegner ( 1 962 )  

reared pul.le-ta most succeastul.ly ( a  margin of 4% higher egg nmber) on a ration 
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ratio of 70 ( for example 1 050 kce M!/lb ar 231 3 kes MF/kg and 1 5% protein) from 

8 week& to 20 weeks of age . when eompared with ratios either side of this. 

The calorie/ protein ratio concept is assessed and found 11ndt1ng by Creek 

( 1 969  ) who suggests that a protein/ mega-calorie ratio (% protein per ten kcs 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 aid lighting 

programmes 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 growing period when most nutrient restriction 

programmes seen to be applied. 

:1ore research is required to look particularly at the removal of stress by 

the tmiformly restrictive type of diet. 

1 . 5 Compensatory Growth during and after Undernutrition. 

Previously reference was made to utilizing compensatory growth in relation to 

feed restriction for birds over the growing phase ( Bullock et a1 1 963 , Blair ,ti .!1 

1 969 ).  

The phenomenon of compensatory growth is not unknown with larger farm animals 

( Wllson and QJborn 1960 ) ,  such as cattle (Winchester and Harvey 1 966 ) ,  sheep 

( Hammond 1932, P.f!].sson 1955 ) ,  am pigs (1-bMeekan 1940) . 

In general, the phenomenon lJla_y be described as a period of rapid and efficient 

growth following a period of' food restriction. Obviously the nature of the diet, 

the s everity and duration o£ the tzeatmant, the age of the anJmal• and the level 

of nutrition after the restricted period are all variables which may inflU&nce 

the efficiency of the compell8ation. 

The actual �siological lllEtchanis involved are poorly understood, Wilson J6 
,11 ( 1 960 )  merely describing the obeerwd phenomena. 

Vith poultey, a similar compensatory situation could oceur as a result of tood 
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restriction aver the growing period ( 20 weeks ) ,  followed by the normal high 

quality layer ration. On the other band ,  provided the restriction is not too 

severe , there 1!S83' be some compensatory growth occurring early in the growing 

period. For example s Nutrient requirements for grovth over the first 4 to 5 

weeks are of a high order vith particular emphasis on amino acid levels . 

Following this there may be a period or adj ustment and compensatory growth 

resulting from an age effect whereby nutrition levels and tolerances are less 

critical. Provided the restriction is not too severe over the first 4 weeke, 

with a further 16  weks to point of lay, there is adequate time for compensatory 

effects to operate sueh that final body weights at 20 weeks , and particularly 

subsequent egg production is satisfactory. 

As indicated previously (Sunwers � al 1 970 and graph 1 .4. 1 ) , the philosopey 

of a straight line growth curve versus the more usual diminishing returns curve to 

20 weeks ,  is concerned in part vith compensatory grovth. 

There are some reports in the literature dealing with the true compensatory 

phenomenon (Wilson � y 1 960, 'Winchester et y 1 966 ) ,  but there are few concerned 

with the variations described above. Possibly workers have not considered this 

line of approach. 

Auckland, Morris and J ennings ( 1 968 )  looked specifically at the compensatory 

mechanism in turkeys after an initial 6 weks of restriction. The compensating 

birds bad a greater feed-to-body-weight conversion efficiency (FCE) but no testa 

were carried out to examine the nature of the body tissue increases - rat or 

muecle. 

Because of the lover Basic Metabolic Rate (R"G.) in the eo peDBatiug turk:eya, 

it 1a impossibl. to d termine vhether the apparent advantage 1n FCE lol88 not due 

merel3' to lower maintenance require enta. 

The aim in ut1lizing the compensatory grovth mechaniaaa is to reduce the total 

area under the growth curve. Too severe a reetriction 1183 increas the total area 

because of the longer time required to reach a given body weight. 
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Wilaon _u .!l {1960 )  observed that contpenSat1ng anillal.s tended to haw tba 

greater amount of carcass fat at the end of the com181J8atory period. 

Compensating birds have lowr BMR' s  perhaps because of lower energy intake��. 

Priority of body demands for available nutrients are ranked as : nervoua 

tissue ,  skeleton, muscles and fat. (Brody 1 945 ) 

lf this is the ease, 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 � ,!1 ( 1 967 )  conclude that because of this phenomenon, body w-eight 

alon e may not be a good indication of body condition or maturity. ( Lerner 1 9.36,  

Jull and Glazener 1 945 . ) The statistic 1 1eoeffieient of variability" is greater 

for boQy weight. 

1 .6 Measurement of Bodjr Deyelopnent. 
Though some "WOrkers (See beck 1 968 )  feel that "skeletal" measurententa on the 

live animal have dubious utility in body composition studies ; for pr�etieal pur­

poses of s peed and expense the ,!D vivo techniques 'Will probably continue to be 

used. One such measure 1n poultry recommended by Lerner ( 19.36 ) ,  is the length 

of the shank. 

The shank length of a bird represents· the leng-� of the tarsometatarsal bone 

and associated tissues ( see figure 1 .6. 1 ) . It 1s bounded at the proximal end 

by the angle of the n hock" ; and at the distal end by the firet bones of the 

phalanges or toea. 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 tw-thirds dovn its length. 

Lerner and Gunna ( 1938 ) derived the followiDg relationship between the 

taraometatareua (!M) { the  dissected bone) and the shank length (SL) ( asured ja 

:dE) trom data collected throughout the growing period with White Leghorn birda. 

TM = 0.7863 x S L - 0. 2481 . 
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Fig. 1 . 6.1 : Skeleton of the domestic fowl showing tarsometatarsus. 

From "Bird Structure ,11 D.A. Ede ( 1 9 64 )  Hutehinson dueational 

Publications , Edinburgh ( 1968 ).  p. 28. 



The shank is convenientl,y available tor measure!ll8Dt (Burrnester am Lerner 

1 9.36 )  in the live bird, and this measurement also correlates highly ldth total 

skeletal wight ( +0. 703 ) ( Morris , Taylor and Brookhouse 1 965 ) and with body 

weight (+  0.92 at 4 wek8 ., + 0.81 at 1 6  weeks of age ) (Asmundson and Lerner 1942 ). 

Thus while skeletal grovth (as indicated by shank length) parallels that or 
' 

body wight ( Lerner 1 939 , 1 940 ) ,  this relationship only lasts through the rirBt 

1 6  weaks or the grover phase (Asmundson et !:,! 1 942, Lattimer 1 924, Oshima. and 

Fuse 1 967). 

When feeding poultry on low planes or nutrition, the skeleton (as represented 

by sha...'lk length ) has a high priority demand on nutrients (Brody 1 945 , Wilson n JY. 
1 960) .  Thus shank length may be a valuable criterion to evaluate the lowr 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 rat, can be provided by the layer phase ration. 

The bird produced by such a programma may have lover maintenance requirements and 

have a better FCE as well as producing eggs of a desirable weight and number. 

Wllson ( 1 951 , 1 952, 1953 ) studied the effect of plane of nutrition on shank 

length, carcass composition and egg production. The high plane was represented 

by a 1 9. 5% protein 1•ation fed from day old to 1 0 weeks of age, and then changed to 

a 20.4% protein ration. The low plane levels were 1 3.9% and 1 1 . 6% protein 

correspondingly. A layer ration ( unspecif'ied ) was fed after the :?4th. week or age. 

The numbers of birds carried through to the laying phase on the low and high planes 

were very small ( 1 2 on each plane ), and the treatment effects �ere confounded with 

natural photoperiod effects. Four ontbs delay in age at firet egg for the low 

plane b1rda ap ars incredible and is poas1bly due to the severit7 or the 1 1 .6� 

protein ration which waa probab� ilabalanced with respect to amino acida. 

Wilson, however. did establish significant dif'ferenees in shank length 

growth between tbe two planes up to 1 0  weeks or age• but not at subsequent agea. 

Indeed bayom 1 7  weeks or age , no significant increaae in shank laugth of the high 
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plane birds_ occt.nTed , 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 \ri8B observed by Outhouse 

and Mendel ( 193.3 )  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 skdletal tissue of the low-plane animals . 

Body weight e ffects showed that t.he high plane birds grew rapidly untll 

24 weeks of age, and gained a further 0. 2 lb to reach 5 lb at 40 weeks of age , 

whereas the low plane birds gained a ftn-ther 1 lb to reach 4 lb at 40 veeks , 

growth rate being very slow until the change to the laying ration at 24 weeks of 

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



CHAPrER ONE B (EXPERIMEN'lS ) 

1 . 7 Aims and Qbjeotp. 

The growing tr1al. ( code named C W50 ) was designed to evaluate the effect of 

several planes of" nutrition ( as  determined by protein levels ) from day-old tmtU 

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 experiment, the arrangement of" the feed ingrediente 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 'W88 similar to that described in Chapter 1 0 of 

Heady and Dillon (1 961 ) . However, on further study, and particularly aa 

elaborated by R. J .  Tovnsley ( personal communication 1 970) it 'W88 found that the 

design as used by Heady _n a1 ( 1 961 ) was unsuitable for such an analysis ,  though 

they d id attempt such analysis . Details of" this anomaly, together with other 

economic aspects , will be discussed in Chapter 3. 

1 .8 Experimenta1 Design. 
Brooder Phas9. The 9 treatments were replicated 3 times in a randomised 

block design within each of 3 tier-brooders (3 tiers labelled P, ;,l, 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 brooding phase the pullets were re­

rand�ed within 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 

untU 20 weeks or age. ( see plates three, four and f"ive ) .  

Layer Phaoe. The pullets were again re-randondsed within a treat.nt on 

tranarer to the la_ring shed vi th 3 replicatiODS each or 1 0 birds in a completely 

randomised design over 2 tiers or a 3-tiered battery. ( see plates six am seven) . 

1 .9 Rat1oDI: 

There were 9 treatment rations (labelled A to I) red over the period hatch 
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to 20 weeks of age. There "Wre 4 major feed f'raetions in the diets 

( 1 ) A barleymeal fraction which made up 84% of ration A and wa 

decreased in steps of' 6% to reach .36% of' the 9th ration I. 

( 2)  A pollard fraction making up 1 1% 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 1 967) for 

vitamins am minerals. This fraction made up 5% or every 

ration. 

All mashes fed were coarse ground. They were mhed by a local feed mill, 

with sufficient initially {720 lb. per ration) to last the complete 20 week 

period. Subsequently as rations G,  H and I were consumed at a greater rate 

than anticipated, supplies of' these 3 rations ( 1 25 lb. per ration ) had to be 

obtained. The mashes were purchased in bags because of the small quanti ties 

involved. In practice, bulk buying would be used, and this reduces the cost 

per ton b,y $3. (Table 1 .9. 1 ) 
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Percentage composition of the rations � as follo� t 

Table 1 .9.1 .  

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

RATION A B c D E F G H I 

Barleymeal 84 78 72 66 60 $4 48 42 36 

Pollard 1 1  1 6 21 26 31 36 41 46 51 

Meatmeal 0 1 2 .3 4 5 6 7 8 

Lucurnerneal 1 . 5 1 . 5  1 . 5  1 . 5  1 . 5  1 . 5  1 . 5  1 . 5 1 . 5  

But terrnilk 2. 0 2.0 2.0 2.0 2. 0 2. 0 2. 0 2. 0 2. 0 

Power 

Bone meal 1 . 0  1 .0  1 . 0  1 . 0  1 . 0 1 .0 1 . 0 1 o O  1 .0 

Iodised 0.25 0. 25 0.25 0.25 0. 25 0. 25 0. 25 0.25 0. 25 

Salt 

Vitamin-

Mineral 0. 25 0. 25 0.25 0.25 0.25 0. 25 0. 25 0. 25 0. 25 
Supplement* 

TOTAL 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 

$ per ton 61 . 89  62. 08 63. 28 62.47 62. 67 62.86 63. ct> 6J. 25 6.3.45 
( bulk )  

Kjeldhal ** 1 2. 0  1 0. 2  1 2. 8  1 2.9  1 3.7 1 5 • .3 1 4. 7 1 5.6 1 5. 6  
Protein % 

Calculated 1 1 .9 1 2. 5  1 3. 1 1 3.8 14 .3  1 5 . 0 1 5. 6 1 6. 2  1 6. 8  
Protein % 

Ene�IU' ( kca 1 1 8.3  1 1 84  1 184 1 1 85 1 1 85 1 1 86  1 1 86 . 1 1 87 1 1 87 
MF/lb. ) 

� (kca � 'JJJ07 2608 26f» 261 0 261 1  261 2 261 3 2614 

C&l/ pr. Ratio 99 95 90 86 8.3 79 76 7.3 71 

Pr/Mcal. Ratio 1 o. 1 1 0.6 1 1 .1 1 1 .6 1 2. 1 1 2.6 1 3 . 2  1 3. 7  14. 2 

Calcim � 0.42 0. 51 0.60 o.69 0.78 0.87 o.96 1 . 05 1 . 14 

Phoepbargl 0. 58 0.64 0.70 0.76 0.82 0.88 0.94 1 . 00 1 . rn 

.lab% .3.8 .3. 5  4.9 3 .1 4.0 4.4 5. 0 5.1 5.1 

Moiature J 1 0. 8  1 1 .6 1 0. 6 1 1 . 2 1 0. 5 1 1  .. 5 1 1 . 7  1 0.8 1 1 . 0 

25 



.. , .,....,.,.� 

,.. . ..  t " '  



COlllposition or the vit.ami.n-ru.neral. supplement is shown in 
Appendix I table 1 . 

Arter arrival, samples of each ration -were taken and a.nalysed for 
Kj eldhal nitrogen, ash, am moisture content. All figures are 
given on an air dry basis . 

C alculated analyses for protein, metabolisable energy, calcillll and phosphorus 

are also given in table 1 .9. 1 . These are based on figures given in Appendix I 

table 2. The Calorie ( per lb. )/ Protein ratio is given; with Creek's  ( 1 969 ) ­

Protein/Megacalorie ratio for comparis on purposes.  

From the 2oth week of age, all birds were fed on an identical ration which 

is the normal one fed to layers at the P R C am to entrants in the N . z . Poultry 

Board ' s  most recent Rlmiom S ample Test. Details of ingredient composition, 

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

1 • 1 0 Materials and Method!. 

Generar. 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 f'rom this stock can be fotmd in 
Appendix I ( a ) .  

The chickens were sexed, and one 'Wing band placed on the left wing. After 

initial measurements (see section 1 . 1 1 ) the birds were housed in a semi-controlled 

environment brooder-rearer shed in .3 electrically heated battery brooders 

( " Multiplo" ) with 1 4  chickens per cage. .378 pullets wre housed for the 9 treat­

ments ( .3 replica tea per treatment ) .  

Aey birds dying within .3 da;ye of housing were replaced as mortality was 

probably not due to treatment effecte. 

In the fiat deck ( "Multiplo" ) growing cages there were 4 repllcatioDB per 

treatment each ot 8 birdll . Any spare birds remain'ng were sold as there vas room 

for housing onl.y288 pullets . 

In the semi-controlled environment l�iDg abed, pullete 'W8l"8 housed 2 per 1 1  

iDch cage vith 3 replica.tioDS per treatment, eaeh of a 5-cage block ( for eonvenience 
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in feeding ) .  · The cagee occupied the top 2 rows of a 3 tiered double-eided 

la.ring battery ( manufactured in the U.K. by Cope and Cope Ltd. ) 
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A daily diary in triplicate was 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 aqy trial. 

A coded sheet accompanied all birds sent for post mortem examination which 

described the clinical symptoms of the bird together with a complete identiti-

cation to wingbard, ration, replication and cage placement. 

Heating. The brooder temperature, starting at approximately 95<7 (35°0 ) was 

lowered gradually to achieve a tmiform house temperature of 71 0, ( 22°C) by the 4th 

week. S ome fan control was necessary at times as mid-summer conditions prevailed 

outside. The heat was provided by an electric res istance coli ins ide a metal 

tube and was thermostatically controlled. The gr�er cages were unheated. 

Lighting. The lighting system was a 1 4  hours constant light for the first 4 

-weeks , followed by 1 2  hours till 20 weeks . At hous ing in the laying shed ,  a 

constant 1 4  hours of light prevailed. 

Intensity was controlled at all stages by dimmer devices ( us ing an electro­

nic "choke11 principle ) .  An intens ity of 3 l ux  ( see Appendix I ( b )  ) was used 

after the first 1 4  d� of bright l�ht ( . � . lux )  for the starting chickens . 

White light was used at this stage , but red bulbs at 3 lux were used in the 

growing phase. White light at 5 lux was used in the l�ing shed. All 
. 

intensities were measured using a G.E.C . Minllux illumination meter. 

1 . 1 1  Measuregmte• 
Body WeiBht. The pul.leta were weighed individually at day-old and subsequent­

ly at 14 day interval.e to 20 weks, and in the la_ying shed at wekl,y intervals to 

28 weeks, aDd 28 dfiJ' intervals to the 47th week. Weighta were taken weekly in 

the early la_ying period aa a check Oil possible compensatory growth with the layer 

ratioa being fed , am to provide some indication of weight changes as sociated with 

attai.nment of sexual maturity. MeasU1"8118nts to 20 veelal were lllade on a .. Mattler" 
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balance (type P'J ;  3 ,000 gm. in 1 gm. unite }. After 20 weelaJ, a ttSalter" spring . 

balance was used ( No.60I.f Mark ll; 60 lb. in 0.1 lb. units ) .  

Foosi Conswnption. The atoek were fed ,S lib at all times. Additions of 

mash to the food troughs were wighed, with refusals weighed back weekly for the 

first 4 weeks , then at 2 week intervals to 20 weeks. Food was weighed into the 

brooder food troughs using a "Salter" scale ( No.1 59;  2,000 gm. in 20 gm. units ).  

In the laying shed , sufficient mash to last each replleate group of 1 0 birds 

( 5 cages ) 4 weks , was weighed into a drum and the stock were then fed .!Si ill 

from the drum w1. th refusals returned to the drum at the end of the 4 week period 

to calculate consumption by difference. 

Food consumption was measured (using an "Avery'' scale (Type 4; 500 lb. in 

4 oz. units ) in the laying period for 1 2  weeks after housing to record possible 

compensatory consumption effects . 

Shanl& Length. Measurements were taken from an 8-bird sample chosen randomly 

from within each treatment us ing a pair of "Goodline" (German ) 1 6  em (6 inch) 

slide ealipers. Measurements 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. 

Morta1itY. All deaths or obviously sick birds were sent to the Veterin.a.ry 

Poultry Pathologist, Dr. R.. Pohl, for diagnosis. An information sheet aeeOillpanied 

these birde , and this was returned with a diagnosis attached. 

Age at First Egg and Esg Numb8r. Bullock and Jenninga ( 1 963 ) have ahovn that 

the beat eati.lllate of differences in average age at first egg between treatmenta 

where birds are houaiDg in paira in cages , ia obtained by calculating the mean or 

the ages represented by the dates of the firllt egg fro each cage (the average 

age of firat birdB in pairs. ) 

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

recording the fi1'8t day on wieh 2 eggs per cage were observed. 
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Each cage was fitted vith a mtal strip along the edge of the rolla\IB.y egg 

tray, on which numbers were painted from zero to fourteen. A movable indicator 

enabled one wek's egg production to be recorded per cage. At the end of each 

7-day period , information 'WaS transferred to a card , am 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 a.ppropriate day number. 

Egg GradiJJB. A sample of one days production was collected every 2 -weeks . 

E&.eh egg was weighed individually as well as each treatroont•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 Qua1itx. 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 s pot incidence and size, and albumin height (in millimetres us ing 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. Haugh units are albumin he ights of eggs , standard-

ised to a 56 gm. egg -weight , arrl converted to a log scale. 

Amino Acid An.alvsis. Rations A, B, c ,  G,  H and I were acid hydrolysed and 

anal.,ysed on a " Beckzlan" 1 200 Automatic amino acid analyser. 
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BodY Weight. Analysis of variance and subsequent compariaon of treatment 

means for veight gainll ( using Tukey1 a method (Snedeeor and Coehran 1 967 )  are 

shown in Appendix I, tables 4 and 5 respectively. 

These results ahov that gains made by birds on rations A and B vere signi­

ficantly lover than most otb:!r rations in the first 1 2  veeka. 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 1 2th veek of age, the veight gain per 4 veek 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 lea s than those made 

on rations A, B, C ,  and D over the period 1 2  to 1 6  -weeks . After this time weight 

gains on all rations except ration A vera markedly reduced , and not significantly 

different from each other. 

At 20 veelas of age the body weights of birds on rations A and B vere signifi-

cantly lower than those on other rations . 

Graphs of body weight and body veight gain for birds fed ration A and I can 

be seen in Figures 1 . 1 2. 1  and 1 .  1 2. 2. Some selected points over the experimental 

period show body weight diatributions as seen in table 1 . 1 2. 1 . 

Table 1 . 1 2. 1  

Treatment Mean Body Weights from Hatch to 47 welts. ( lb )  

Age ( weka ) 

Hatch 4 8 1 2  1 6 20 24 28 47 

Treatment 

A 0. 01 0.29 0.76 1 . 49 2. 21  2.67 3.1 8 3. 56 4.31 
B o.oo o. 3.3 0.95 1 .80 2.47 2.93 3 . 53 4.1 1  4. 50 
c o. <ll 0.41 1 .1 0  2. 00  2.67 .3.1 2 .3.95 4.20 4.92 
D O.(JJ 0.40 1 .1 5 2.04 2.66 3.f/1 .3.66 .3.86 4.36 
B o.a� 0-46 1 .25 2.1 6 2. 79 .3.26 �.- m  4. 2.3 5.39 
r O. <Ji  0.49 1 .31 2.21 2.83 '  3.31 4. 01  4. 22 4.&:J 
G O. (JJ 0.52 1 .33 2. 18 2.'16 .3. 25 .3 .99 4-.37 4.96 
B o.o6 o.56 1 .41 2 • .33 2.84 3.28 3 .84 3.98 5. 25 
I o.� 0.55 1 .38 2. 26 2.80 3. 23 .3.86 4.03 5. 24 
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Sbyk LeJ:wt.h. Growth of the shank followed a simUar pattern to that. of' 

body weight. (Table 1 . 1 2. 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 wre simUar 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 1 2  weeks ,  gains by birds on rations B, C ,  and D -were signi­

ficantly greater than those on ration H.  By the 1 6th week shank length gains on 

all rations except ration A, had dropped to a simUarly 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 1 6th week. 

A graph of shank length and shank length gains for birds on rations A and I 

can be seen in Figures 1 . 1 2.3 and 1 . 1  2.4. 

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 • 1 2. 2 

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

Age (weeks ) 

Hatch 4 8 1 2 1 6  20 

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. � 

c 2.49 4. 26 6.21 8. 07 8.66 8.63 8.62 

D 2. 51 4.31 6.22 8. 07 8. 58 8.61 8. 54 

E 2.49 4.35 6.45 8.1 1 8.45 8.61 8. 52 

., 2.46 4-73 6.69 8.38 8. 96  8. 88 8.78 

G 2. 50 4. 57 6.61 8.1 2  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 6.72 8.30 8. 67 8.62 8. 56 
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Food Consumption. Results were considered in the form of hen-day food 

consumption which allowed provision for birds dying during the period over which 

f,ood consumption was measured. The figure for the total amount of feed consumed 

in a period was divided by the number of hen-deys. The hen-day index was derived 

by a summation of the number of days each hen was alive during the period being 

considered. Thus the period hen�ay food consumption w.s the hen-day food 

consumption multiplied by the number of days in the period. Each unit cell in 

table 1 • 1 2.3 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 weeks, birds on rations A,  B,  C ,  and D ate s ignificantly less 

than the remainder, and less than those birds on rations G, H, and I over the 

following 4 weeks. Rations A an1 B were consumed les s than others from 8 to 1 6  

weeks , and in the period 1 6  to 20 weeks rations A and I were consumed in amounts 

significantly lower , and higher, respectively, than all other treatments . 

Af'ter 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 .  1 2. 5. 

Mortality. A distribution table of mortality for causes and treatmenta can 

be seen 1n Appendix I,  table 1 0  with an anal.ysis of variance for mortality in 

different periods in table 1 1 .. (SUlJl!nal'y in table 1 .1 2.4) 

Overall there vu an 8.0% mortality to 20 weeks of age, and a further 8.9% 

mortal! t..1 in the laying period untU 52 weeks of age. There W8JI no significant 

treatment effect!: on IDOrtality. 
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Table 1 . 1 2.3 

Treatment means for Ben-dq Food Consumption periods from 

Treatment 

A 

B 

c 

D 

E 

F 

G 

H 

I 

M S  D ( 1 % )  * 

M S  D { 5% )  

* 

batch (H ) to 32 weeks of age ( lt::{bird ) . 

H - 4 

0.84 

0.90 

1 . 01 

1 . 02 

1 .1 8 

1 .30  

1 .32 

1 .41 

1 .48 

0.1 9  

0. 1 6  

M S  D = 

4 - 8  8 - 1 6 1 6  - 20 H - 20 20 - 32 

1 . 67 8.84 6.1 5 1 7. 50 20.96 

2.49 9.48 6.1 5 1 9. 02 21 . 74 

2.67 1 0. 00  5.85 19.61 20. 75 

2.92 1 0.62 6. ::6 20.81 20.90 

3. 1 5 1 0.93 6. 56 21 .82 21 .89 

3 .33 1 1 . 1 8 6. 51 22. 32 21 .38 

3 . 51 1 1 . Cij 6.72 22.63 21 . 85 

3.66 1 1 . 87 6.61 <3 . 56  21 . 52 

.3 .83 1 2.36 7. 30  ';4.97 21 .75 

0. 58 1 • .35 0. 82 2. 1 3 3 . 29 

0.48 1 .1 2 0.68 1 .?6 2 .66 

Minimum S ignificant Difference (Snedecor � A!  1 967 ) 
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Age at FirBt Egg. An analysis of variance and s ubsequent comparison of 

treatment means (Appendix I tables 1 2  and 1 3 ) showed that birds on ration A 

matured significantly slower than those on rations G, H or L (Swmnary in table 

1 . 1 2.4) All other differences were not e1gn1t1ea.nte. A dif'ference o£ 1 1 days 

was required far a 5% level or significance, 111ustrating the considerable 

variation with this meaaure. 

Bod7 Weight at Age at rirtt egg. Analysis or variance and comparison or 

llleaDIS (Appendix I tables 14 and 1 5 ) of body weight at eanal maturity (u repre­

sented by age at tint egg ) shoved that b1rda on ration A. were aigDiticantJ.T 

lighter ( o. 5 lb) than those on all other rat10D8. 

lgs bb9r. These ,_ulta (ataDarieed in table 1 .1 2..4) vere CQliPUted 111 3 
for. a llen-de.7 (BD) egg l'JWiber • BD% egg nUIIber, and hen-housed { HH) egg nUIIber • 

this laat fol"lll aed the number ot he• alift at the tiM ot ho•ing 1n the la,yiDg 



34 
abed, u ita d1Yisor. BH production thu. took accollJlt. of -dabllit� or llva­

bllit� of the birda on that particu.la.r ration. The laying period vaa 222 daye 

f'l'om 20 weka 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 weks of age, can be seen in Appendix I table 1 6. A comparison of treatment 

means for the 2 periods in which significant difference�� appeared can be seen in 

Appendix I table 1 7. These results showd that over the period 20 to 24 weeka ,  

those birds fed rations A and B in the grower phase, laid significantly fewer egga 

on a HD basis ,  than moat other treatments. In the following 4 weka only those 

birds reared on ration A were still significantly lower in HO egg production. 

In all other periods , there -were no significant differences between HR egg 

numbers laid. 

An analysis of variance of total liD egg numbers (Appendix I table 1 6 )  

showed no significant differences between treatments , but when the resulta were 

uncorrected for mortality effects as in HH egg production (Appendix I tables 1 8  

and 1 9 )  then birds on ration F showed a si€nificant 1 8 egg advantage over those 

birds on rations c ,  G and H.  

Appendix I table 1 6a shows the period HD% production for 14-day periods 

from 20 to 52 weeks of age. These resul te for rations A aDi I are graphed in 

Figure 1 . 1 2 .6. 

Amino Acid Agal.Dis. The results of th analysis are shown in AppeDdiz I, 

table 23, with an indication of the degree or iDadequacy or each audno acid when 

compared vi th tbeoret.tcal requirements . 
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Table 1 .  1 2.4 

Summa.r;y of treatment meam1 tor Age at Firet Egg (days ); Body 
Weight ( lbe )  at f!rllt egg , HH and BD egg number; and mortality(% ). 

A B c: D E G H 

35 

I l£D 
(5% )  

Age at 1 75 1 71 1 70 165 1 65 1 65 1 64 1 63 1 60 1 1  
firet 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 1 29.7 1 27.0 1 19.1  1 27. 1  1 30.1 137.7 1 1 9.6 1 19.2  1 25.7 14.4 
number 

HD egg 137. 5 1 .37. 5 1 34.1 1 36. 2 1 38.3 1 37.7 1 30. 7 1 33. 7  1 34. 5 9 .1 
number 

Rearing 1 2  
lbrtality 

laying 7 
Mortality 

Total 1 9  
Mortality 

7 

28 

8 1 2  

1 0  0 

1 8 1 2  

0 2 0 6 6 

1 7 0 7 1 3  20 

1 7  2 7 1 9  ?.6 

F;gg Gra4ing. Analysis of variance was used to detect significant individual 

egg weight differences at various points during the laying period. (Appendix I 

table 20) .  No significant differences vere found. 

A "weighted" egg weight was calculated for each treatmnt us ing individual egg 

weights for each period am " weighted" according to period egg number (Table 1 . 1 2. 5). 

An.a.l3sis showed no significant treatment effects. (Appendix I table 21 ) . 

A summation percentage or all egga within the various gradell ( see Appendix I 

(b)  ) together with the total mass of eggs laid per hen from each treatment, can 

be aeen in table 1 • 1 2. 5 below. 

Grading 1nformaUon 18 ot aignificance in economic evaluation and 18 therefore 

mentioned in more detail 1n Chapter 3.  
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Table 1 .1 2. 5  

% ot egge laid in variom grades tor the 9 treatment, over the 
la¥1ng period; total mass or � weight produced; and "w1ghted0 

egg weight gm) .  

Rations . % Grades. 
Weighted Total (kg ) 

Large Standard Medillll Pullet Umergrade Egg Weight Mass per hen 

A 3 .4 65. 6 22.6 4.6 3 .8  52.6 7.31 

B 3.3 60.1 29.4 5. 2 1 .8 51 .4 7. 25 

c 9 . 1 48. 0 3 5. 8  4.9 2. 2  51 . 8  8. 03 

D 1 1 .8 58.6 25.8  2.8 1 .1 53.3 7.33 

E 1 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. 3 5  

G 8.6 64.6 20.4 4.9 1 . 5 52.8 6.78 

H 1 8. 5  50.1 23.4 4.9 3. 0  54. 0 7.34 

I 1 0. 4 57.3 23.3 6.4 2. 7 53. 5  7.32 

Egg Quru ity. Anal..yBis or 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 or mean 

values for Haugh Units and 11Roche" yolk colour meas� 1s seen 1n table 1 .1 2.6 . 

If' yolk colour falls below 7. 0, this is classif'ied "unacceptably pale" . Haugh 

Unit values must fall below an average of 66 before quality becomes unacceptably 

lov. 

DistribuUon of blood and meat spots 1a also shoz 1n table 1 . 1 2.h . These 

figures were arcsin.root parce11tage transformed before analysis. 



Treatment 

A 

B 

c 

D 

E 

F 

G 

H 

I 

ttable 1 .  1 2.6 

Treatment mean values for Haugh Unit, yolk colour, meat and blood 
spots ( untranarormed ) of eggs broken out at 41 "Weeks or age. 

% % % 
Haugh Yolk Large * Large smau•• 

Unit Colour Blood Meat B1ood 
S pots S pots S pots 

81 .4  8.2 11 0 1 1  

83.1 7.9 4 0 8 

82.3 8 .. 3 0 0 1 1 

81 .3 8,. 2 7 0 4 

82. 0 8. 2 3 0 7 

79 .6 8.4 7 0 3 

81 . 7 8. 2 0 0 1 9 

79. 5  8. 6 0 0 0 

80.9 8. 2 3 0 1 0 

* Greater than 1/8 inch in diameter . 

•• Leas " 1/8 inch " u 

% 
Small 
i.fea.t 
S pot. 

0 

0 

4 

7 

0 

0 

0 

0 

0 
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1 .1 3  J)]SCtBSigl 
4naJ.va1a. The different measurements taken varied as to the efficiency or 

estimation. Body weight "W8S measured rar individual birds whereas rood 

consumption \188 measured on a group be.ais - the size or which varied between 

8 to 14  birds. 

From a statistical point or view, rood consumption means squares are there­

fore derived using fewer degrees or freedom - which reduces the chance or estab­

lishing significant differences between treatment food consUIIlption unless these 

are quite large. 

Growth and Developnent. Birds fed the lower protein grower rations (A, B, 

C and D) showed evidence or a reduced body weight gain and reduced skeletal 

growth rate ( as  represented by shank length ) in the growing period. The period 

or most rapid body weight gain appeared to be over the period 7 to 1 3  weeks for 

birds on the high protein rations . Those birds on ration I gained 1 .2 lb. over 

these 6 weeks (see Figure 1 . 1 2.2 ) . The period or most rapid growth in the more 

restricted birds was delayed. This delay was 3 weeks �th birds on ration A, 

but during the period 1 0 to 1 6  weeks , these birds also gained 1 .2 lb. After the 

peak growth rate periods , weight gains were markedly reduced. Arter the 14th 

week 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 from 

the 4th veek of age. This period of 0011penaatory weight gain my account for the 

fact that there was only a 2 ":116ek delay in se:mal maturity between birds red 

Rations I and A ( compared w1 th the 3 week delay in peak growing perioda . ) 

Skeletal growth cloeel.y pe.relleled that or body weight gain though the 

IIBXim'UIIl rate of shank elcmgatlon in birda fed the restricted ration A was 6 weeka 

beh!Dd that of blrda on ratiOD I. (see Figure 1 .  1 2.4 ) 

Weight increase with U. had the standard sigmoid flexure curve relation­

ship. (Figure 1 .1 2. 1 ) Blrda on Ration I showed an lncreuiDg rate ot grovth 



over the first 8 veeks; followed by a period of unii"Ol'llly high growth rate 

until 1 2  weka . Dimi.n18h1Dg retUl"DDI began after the 1 2  week and a elov 

decline 1n growth rate was observed up until the 2oth 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 grovth; 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.Z.R.S .'r . was 2.9 lb. , or approximately the weight achieved in 20 weeks by 

birds fed the low protein rations A am B in this trial. These birds were 

significantly lowr 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 R.S .T.w .c . birds at 70 weeks of age, waa 4.4 lb. 

Even at 47 weeks of age, all CrV50 birds except those reared on rations A and D 

had exceeded 4.4 lbe. 

The lower body weight of the R.S . T .w .c . birds may renect the deep litter 

fioor· conditions where birds are much more active and perha� exposed to greater 

"stress" levels of disease. 

The growth data for this trial indicated that the restrictive ratioDS fed 

during the growing period did reduce body weights throughout the experillental 

period• eompensator.r body wight gain becolling obvious after the 14th week of age. 

The skeletal f'raae growth renecte the reduced body weight growth in the first 1 2  

to 14  waeka , but arter that period only birde fed the 11011t reetrictive grower 

ration had a e1gn1t1cantl3 smaller ekeletort. 

A delay in sexual maturity vu observed aa a· reeult of feeding the more 

restrictive growing ratioM , tholle birds fed grower ration A not commencing lay 

urttll 25 welal or age - vbich could be regarded • an unaeeept,&bl3 long (economic ) 



delay. However. ul.tiJiate assessment made in relation to profit per bird 

indicated that this \f88 not eo. 

40 

Table 1 . 1 3 .1 indicated the changes in weight which occurred between sexual 

maturity am the end of the experiment (at 47 welaJ ) , am the measured gain in 

weight over the period in 'Which the layer ration was fed (20 to 47 weeks ).  

Table 1 . 1 3 .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. 1 2  3. 07 3 . 26 3.31 3. 25 3. 28 3.23 
weeka 

B .W .  at Point 3.33 3. 58  3 .73 3 .75 3 .82 3.82 3.72 3 .83 3 .69 
ot Lay 

B .W .  at 47 4.31 4. 50 4.92 4 .36 5. 39 4.69 4.96 5. 25 5. 24 
weeks 

B .W .Gain after 0.98 0.92 1 .19  0.61 1 . 57 0.87 1 . 24 1 .42 1 . 55 
maturity 

B .W .  Gain 20 
to 47 wks . 

These results indicate that even though the skeletal frame of most birds 'Wfl8 

uniform, the weight gain after sexual maturity depended largely on the rate of 

gain before maturity. 

A possible e:ltp].anation is that the gut capacity had become higher for the 

birda fed Rations F ,  G, H, I and the birda may have continued to eat a similar 

amount in the la.ying period due to the inelasticity of adaption to a different 

energy-content diet. Th.18 extra energy 'WOuld be likely to be laid dow in the 

bird as ratty tissue• thus giving rise to a greater weight gain during the laying 

period. 

The information proyided by bod.Y weight ureante 111 adequate, and the 

extra expeDBe invol'nd iD aeuurell8l1t of shank length for the 1nf01'118tion JrO­

vided waa possibly not justified. 



F90d ConaumJ?tion. After only' 2 weelal f'rom cormaancing the v.tal, it vaa 

apparent that birds fed the higher protein ( and therefore higher pollard ) diets 1 

consumed more feed. 

The assumed metabolisable energy ( M.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 \tK>uld help to explain the increased rate or 

consumption on the higher pollard rations as it is known (Hill 1962 ) that birds 

consume to satisfy their energy requirements (within certain llmite as diacussed 

by lobrris ( 1967 )  ) .  

The source of pollard for this experiment included wheatgerm and variable 

amounts or fine bran in the product. Bran is higher in fibre and has only 65% 

or the 1.f.E . value of pollard. 

There may have been other factors affecting consumption 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 1 : 1 ratio between these ingredients in a ration 1s optimal with 

respect to grovth rate and food conversion efficiency (F .C .E. ) 

An amino acid ana.lysis carried out on rations A, B, c ,  G, H an:i I (Appendix 

I table 2.3 ) indicated some deficiencies on a %-of-ration basis. However the 

theoretical requirements ver-e based on higher energy and higher protein rations 

than those used in the CB/50 rations . There is very little information in the 

literature on daily intake requirements for amino acids 1 Scott .!;t !:.1 (1969 )  

indicating that about 0.3.5 gm IJsine per day 1a required for graving oh1mx. . 

Due to th high consumption rates or the high pollard re.Uoaa, levela or �!ne 

were apparently adequate in raticms G, H and IJ but gronly inadequate tor N.tim:. 

A ... B and C ,,  where co•llllpt.ion ratee were low. (bly about one half of the required 

� intake or lyein vu obtailled on the latter rationa . Thus it 88818 likely 

that oae ot the prlnci.pl.e reaaone tar reduced body welght gain 1n the grow1ng 



period was an inadequate aaino acid intake. 

The imbal.anced calcium-phosphorus ratio may have affected consumption in 

s ome 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 1 7.4 lb. for the R.S .T.w .c .  birds which is 

approximately equivalent to amounts COl1Bumed by the experimental birds fed ration 

A, though comparison with birds reared in cages ay not be very meaningful. The 

level of consumption on the experimental rations containing a high protein-high 

pollard level could be regarded as greater than normal. Apart from the reasoDS 

above discussing this , the bulk density of the ration is reduced by the presence 

of high pollard levels . The 'W88tage of mash by flicking would thus have been 

increased by this factor. The average density of rations A, B and C was 

0. 51 6 giJV'cc . ;  1 8. 7  lb. of these bei.!lg consm<1d per bird in rearing which amounts 

to 1 6 . 5  litres of mash-volume consumed. The average density of rations G, H and 

I � 0.433 g�cc . ;  23. 7  lb. or 25 litres of these were consumed per bird. 

Thus the birds on the high pollard rations (GHI ) consu.'Ued over 5o.£ more mash 

on a volume basis . Apart frorn wastage cons id erations , it !Wiy be that the birds 

overest.imated the extra amount they vould need to consume , of these " light" rations , 

to get the same weight eaten. 

Recent experi!Jlenta at the P.R.C . to determine M.E. values have shown that 

pollard 1a only 80 Kcs M.E ./lb. lower than barley, which is evidence to support 

the assU!Jlption of the high energy value used in caleulatiODII of ration energy 

levela . However ,  the experimental lllEtthod of M.E. determination is ausceptible to 

numero\11!1 sources of error in determination. 

There are diff'icul. ties 1n uaing M.E. figuree becaua or interaction between 

diet eD8rB1 ingrediente. These ,  and other llllitatlone are di8cuased by Sibbald, 

SU!DIIIer8 and Sllnger (1959 ) ,  arn Vobra (19!i>).  

Crude fibre •tiatiol18 ror barley aDd pollard at the P.R.c . were 2.8% aDd 

S.IJ% � pectively, and high f'ibre is �ual.ly associated with low eDerU ValUM . 



43 
The FCE to body weight up to 20 weelal of age \188 better for b!.rda on the 

lower protein diets (6.55 lb. food/lb. gain for those birds on ration AJ 7. 70 lb. 

food/lb. gain for thos on ration I ) .  By 20 weeks of age, the unrestricted birda 

bad consumed 7. 5 lb. more food per bird for a mean weight advantage of 0.6 lb. 

As the grower ration composition changed from that of treatment A through to 

I, there wre steady increases in the amount or eaeh that 'W88 consumed in each or 

the time periods measured. Because the changes in ingredients between each 

ration were not large, statistical significnnce was only established between 

consumption of extremes. However, the steady increase in consumption can be 

seen in Table 1 .1 2.3 over the range of rations. 

Fu...-ther 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 s ignifica.nt differences between 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. 

l<brta].ity. Mortality levels "Were lowr 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 caueee of auch a distribution are not indicated. An 

hypothesis that a restrictive grov.I.Dg rations eliminates those birds susceptible 

to stress in later life is often advanced by workers . Overall mortal.iey during 

the rearing phase vu higher than generally achieved at the P.R.C . with larger 

population& reared on Utter. Cage rearing appears to be more "atresstul." than 

n.oor rearing. 

The lo-west total mortaU tiea were obeened for birda fed ra.tiODa � inter­

mediate pl"Otein leveh. A corapariaon or overall mortality lenla with the White 

Control blrda or the 5th. a.s .T .  ehow a 2� aortality in rearing (c.r. 8% iD Clf50) 

and a �  8% till the 7oth week of $&• ( c�r. 8.9% up to the 52 week in CW50). 
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Bes Pmc1uctiop. The H D period data showed that the delayed eaual •turii\Y 

of birdB on the 110re restrictive growing diets affected their production untU the 

28th wek of age. Af'ter this time there were no eignificant differencee in 

period production. 

Production for the whole period to 52 weeks showed no significant differencee 

bet-ween treatments , indicating that the delayed birds had made up their disadvant­

age by laying at an increased rate. This result alao indicates that production 

comp:1riaons made on a produetion-after-aexual-maturity basis would show a definite 

advantage to those birds reared on restricted regimes . 

When H H production was 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 ( mortal! ties of 1 7.9%, 6 .  7% and 19.  6% respectively). It 'W88 

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 number. 

Period H � production for each 14-day period throughout the layer phase is 

shown in Appendix I, table 1 6a.. Canparisons between the 1 96"/�8 R .S .T.  results 

and C W50 results are made to provido some perepective, but the systems of manage­

ment and housing were considerably different. A graph comparing H D% period egg 

production is seen in Figure 1 .1 2.6 far birds from treatments A and I compared with 

the 5th R.S .T.  u a lihole. A study of this gre.ph will reveal a depression ill egg 

production betwen the 46th a.M 48th liieek over all treatments . This waa caused 

by the atres placed oa the birds when they were shifted ( for operational reaeonB ) 

from one batter:y to another. 

The restricted birda , though attaining sexual maturity at a later age, 

generally attained an earlier and higher peak of production, lolhich ll8ll mainta1ned 

for a longer period. The exception to this was tre t.nt F which reached a 

production peak before all other treatmente ,, and alao laid at a high rate through­

out ( second only to those b1rda en treatment B).  
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lgg WeiPht and 9.ualltx. 'though the number of egga has the moat aignlticant 

effect on income from eggs ,  size considerations become more important as the 

price differential between grades increases . 

Table 1 .1 2 .. 5 shows the average egg weights for the different treatmente• 

'Which were not significantly different. 

The restricted birds laid fewr eggs in the Large grade, and the price 

differential between this grade and S tandard grade \188 4 cents per dozen through­

out the leying period. 

The price difference in the ch"'p to Medium grading varied between 3 and 8 

cents per dozen, becoming smaller as the October, S pring seasonal oversupply 

began to reach the market. 

Haugh Unit values and yolk colour measurements indicated tho.t there were no 

adverse treatment effects on egg quality. 

A discussion of tne production fUnction and economic aspects of C�50 

-will be found in Chapter 3.  



CHAPTEa 'NO. 

MA.NAGEMEN!' OF LAYIID STOOK. 

Factors Arteet1 pp Eie Pl:'oduction. 
(a ) Housing Method!. In normal commercial practice, the pullet is transferred 

to laying q�ra before the commencement of lq. 

The laying shed is designed to provide an environment that will allow an 

optimum level of egg production and a means of collecting the eggs . The 

industry eost structure determines conomic levela of investment in 

buildings and equipnent for different climatic c-onditions . 

The housing and management systems used in the laying phase differ widely: 

deep litter \lOOd shavings , wire floor pens ,  colony cages , and single bird 
cages. There le a consldarable voltne of literature comparing various 

systems , comparisons being difficult because of the numeroUII interactions 

betwen housing systems , rearing methods , feed and water space, diet, 

light treatment, disease resistence, breed and strain of bird (Jennings ,  

Fox, Ma.rsden ani i'-k>rris 1959 ;  S ingsen 1 962; Proudfoot 1 967; Balloun and 

S pears 1 968; Balloun 1969 ;  Cardin, Zimmerman, Snetsinger and Greene 1 969 ;  

Wlldey, Flegal a.rxl Coleman 1 969 ) .  

Though performance in the leying phase is determined to some extent by the 

treatment received in the growing phase, there is a more direct temporal 

relationship betwen treatment and output in the la_y!ng stage. 

(b ) Light. The photoperiod affects rate of egg production, without bavd.ng the 

power to stop or start the actual procesh Poultry are more affected by 

changes in photoperiod than by the aetuaJ. level of photoperiod at an7 ana 

time. 
Marlmura rates of lay can be achieved with 9 to 1 0 hou:ra of conatant photo­

period (where this le maintained .t'raa day-old. } ( lobrria 1 966). 

Egg production 1s etifllulated by an increase in photoperiod• and 18 de}'nf�Jsed 

by a decrease in photoperiod• ehang• within the range from 8 to 16 houre 
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being more potent than changes at other levels. 

There are interaction effects between reari.ug am laying light patterns f'or 

optimum egg production. The system used depend8 whether daylight is being 

supplemented , or a light-proof shed is being used (Morris 1 967a).  The 

literature on light requirements 1e revie-wed by Morris ( 1 966).  

Light intenaities of 5 lU!t (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 is no satisfactory direct evidence about the effect of different light 

colours on the rate of lay, though data from McGinnis , Ramirez , Boyd and 

Lauber (1 966 )  implies that photoperiodic response is tmXimal with light 1n 

the orange-to-red band of the e pectrum. Red glass or paint doos not 

increase the out}:llt of these wavelengths from a bulb, but only filters out 

the green-blue :f:B,rt with a consequent reduction in light intensity. 

( c )  Tempe£at�. There is an interaction between environmental temperature and 

food consumption . :1etabolisable energy ( M.E . ) requirements , and hence 

food consumption, being lowered by 1 .6% per Centigrade degree rise ill 

temperature ( Payne 1966 ). This effect operates only over a limited 

temperature range. At 86° F ( .30° 0 )  there is an improvement 1n food con­

version efficiency because less food is eaten for an identical egg mass 

output compared with a 64-68° F { 1 8  to 20° C )  environment. The nutrient 

concentration in the ration needs to be higher ld th the high temperature 

diet to l!laintain absolute nutrient intake requirements .  Even so, egg s:tse 

is reduced because of an imdequate M.B. intake. The reason tor th1a 1a an 

over-eetimation, by the hen, of the reduction 1D energy output or the bodl'· 

Strain effects • acclimatization effects and heating verUB food c01tta are all 

important tactore to consider 1n relation to opt!mum environmenuu tellper­

ature in the laying shed. 

'!'here are other tacton affecting egg production 'Such as ventUation, humiditQ,. 



and dia:easeJ but of maj or  conoern in th18 thea18 are the nutritioDBl. 

factors. 

2.2 Ihe Nutrition of Larlng Pullet!• 

As with growing birdll , the !Illj or cost item with laying birds is feed. 

Any means of' reducing feed costs \lhile maintain:fng high egg revenue returns vill 

increase profit. There are gl.ny methods of restrictive feeding which claim to 
increase profit, but before considering these., it is usef'ul to consider the 

theoretical nutrient requirements of l93ing pullets. 

During the early laying phase, requiretDenta for tissue growth and feathers 

are most important. As the pullet approaches point of lay, there i.8 a rapid 

increase in grovt.h and developnent of the reproductive organs which places a 

priority demand on nutrient intake. During the 8 to 1 0 weeks following o!U!Iet of 

lay, tha pullet must consune euf'f'icient nutrients to allow for egg production at 

rates approaching 80 to 9CJ.'; to increase her body weightJ to maintain bone and 

muscle tissue; to fight disease and n stres1J11 ; and to do this with maximum feed 

conversion eeon�. 

An example of ingredients and nutrient contents for a good laying ration 

can be seen in Appendix I, table 3 - the N .Z .R.S .T.  Layer Ration in current use. 

Requirements for nutrients should ultimately be considered on the basis of 

absolute requirements par hen per day. Requirements v.Ul vary tremendously 

depending on body weight_ level of egg production, breed am strain and all the 

environmental ra.etora mention in 2.1 . Because of th1a inherent source of 

variation in requirements there is pr-obabl.y not 111uch added inconsi.etenoy in 

considering requirement8 on the baaia of concentration per weight of ration. 

The us of' tb1a inexact requirement form is aometimea seen in the literature 

(Ohari, Malmda am &bars. (1968).). 

Some interesting work on the influence of �iological factors on the 

intake regulation in the laying hen \188 carried out at CJclahoma State Univen1t7 

by Gleavee ,. Tonkt,rwon, Dunkelgod, Tbayer,, Sirn1' aD:1 K?rriaon (1962)J Tonk1nwon, 



Gleavea , 'l'hayer, Fol.ka and ibrriaon (1965);  Gleavea . Tonkinson,. Wolf'1 Barman, 

Tlleyer and M�rrieon ( 1 965 );  Dewan and Gleavea ( 1969 ). 
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They found that layer ration protein level.e varying { independent of energy 

and density) from 1 0.6% to 1 � of the ration did not affect the level of food 

c0ll8umption, but the higher protein rations produced larger hens which laid at a 

higher rate of egg production and also had a higher mortality rate. 

Diet levels of energy varying between 1 020 kcs MF/lb ( 2247 kes MF/kg ) and 

1 230 kcs MF/lb ( 271 0 kcs :(F./kg) caused a decrease in food consumption as energy 

levels rose. This indicated an energy-sensitive intake regulation .. 

Density of the ration was varied independently using graded levels of 

cellulose and s and. The lighter rations depressed the weight of food consll!lption 

with an associated highly significant depression of egg production and body wight 

gnin. Density varied between 0.735 gro/cc. and 0.444 gm/cc . ( a  normal ration 

density beiQg about 0. 58 gm/cc. (S cott � !!! ( 1 969 ) ) . There were no density 

effects on mortality. 

Tonkinson .!3! !!.! ( 1 965 ) constructed production response curves between the 

2 input factors : energy and protein intake : u.nd egg number out.put. These eurvee 

will be discussed in Chapter 3.  Hill ( 1962 ) had already established the 

rele.tionship betwen dietary energy level and voluntary calorie intake of laying 

birds, Morris ( 1 967) finding that the adjustment of the hen to mai11tain the same 

calorie intake is imperfect - such that on high energy diets. hens overconsume. 

and on low energy diets they underconsume. The range of dietary energy levels 

over \obich birds eat to equate energy intake varies with breed and strain. body 

size and environmental te perature. For a 11moderate" temperature and a " high 

producing" White Leghorn strain� an in·take o£ .300 to 320 kc8 .E . per hen per day­

is res.uired. Within the range 1 180 kcs MF/lb (26oo kca MEtkg ) to 1 521 kca MJVlb 

(3350 kas kg )  a decrease in M.E. of 50 kaa/lb of diet wUl increase food con-

sumption per ben by about .3 . 5  to 4% (Scott !!l � 1 �  ). T1nB if the h1gb. energ­
diets are not more than 4'J more expei»ive than a diet 50 kcs/lb lower in eneru, 
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then the high energy diet is more economical on a �eed�ost per dosen eggs ballill . 

High energy � diets ( Brown 1964) used to be popular commereia.ll,-, but 

have lost popularity because o£ several factors , among which is the i.!lcrease in 

vices due to greater time being available to the bird apart from that spent eating. 

Protein intake is the most important s ingle nutrient affecting egg product,­

ion. The level of intake being determined nainly by the energy level in the 

ration. 

Protein requirement 1n terms of egg output us ually has a curvilinear 

relationship. The ma:dmum egg output point is difficult to determine , and varies 

vith breed and strain for each environment. 

Harms , Damron and Waldroup ( 1 966 ) found that high producing CO!BIII8rcial 

laying strains required higher levels of pt"otein intake and 'Wl"e more sensitive to 

reduction in diet protein level.a than wre New Hampshire hens . There WBS also 

much variation within the high producing strains. 

Butt (1 961 ) found that some genotypes are able to \d.thstand 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 outp!t, Sharpe and Morris ( 1964) found a correlation 

between body weight and protein requirement £or White Leghorna and Rhode Island 

Reds .  The heavier bird required 4 to 5 gm extra protein per day for a daily 

outp!t per ben o� 35 gm egg mass . Part or this extra protein is doubtless re­

quired tor maintenance or the ( average ) extra 1 . 1  kg Body Weight and aao the 

taster body grovth. GuUlaume ( 1966) suggested a method to deterr.line the amount 

ot protein used �or growth knowing body wight, live weight gain am protein % 

of the d1 t, which ia claimed tatistaetory tor pred1ct1oDI vith up to 21 %  proteiD 

in the diet. 

There v1ll aiat tar every aet or cond1tiona • a point where rwxtmum egg 

outiUt is ach1ned vi th a certain protein intake. However th1a DIBZiJmt 'fiB¥ not 

be an eoonomio optintun. .tha point is d1•covered Where the marginal cost ot 
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protein equals the mrg1nal revenue ot egg output. 

Moat facto� \ihich affect the response to protein intake will al.ao have a 

direct effect on egg production itself'. Outp�t on a protein basis can be 

considered a f'unction of egg number plus growth and maintenance requirements. 

It may also be a 1\mction of' the rate of attainment of' sexual maturity (FiSher 

( 1 965 )  re-interpretting Bray, J oonings and Morris ( 1965 ) ) ; where resul ta 

shoved that the later raaturing b.L.�s ( 5 weeks delay ) required 2 gm protein hen-

day lllOre than the early maturing birds for rmximum egg production. However the 

early maturing birds ' intake of 1 6  gm protein per hen day produced only 45 gm 

egg ma.ss , whereas the dalayed birds produced 52 gm egg mae s per hen day. The 

prioe differentie� between the different egg grades • as vell as the price of a 

unit intake of protein, must be used to determine the economic optima in such a 

s ituation. 

A E;i mplif'ice.tion for comparative purposes ua ed  by Fisher ( 1 965 ) considered 

output only on the bas is of egg material - but socne account must be IDSde for body 

weight and growth differences . 

Estimated protein intake requirsmonta vary throughout the literature , aa do 

the conditions undar iolhich they are measured. Squance and Brown ( 1964) es timate 

a requirement or 1 3.3 gm protein per hen�y for hybrid layers with diet energy 

levels of 1 3 50 kcs MF/lb ( 2974 kos ME/kg ). nation protein levels in that experi­

ment ( using colostomised hens ) varied bet-ween 1 3  a.nd 1 ?,t. 

Novacek and Carlson (1969 ) , gperimenting with a 9.4% protein corn-eoya 

ration supplemented vith lys ine and methionine• round a requirement of 1 1  • .3 gm 

protein per hen day for a 2 kg hen at 6� level or egg production. 

Bray and Gesell ( 1 961 ) f'ound that a 6Ct% egg production level was eupported tor 

1 2  weeks from 31 weks of age by a pratein intake or onl¥ 7. 5 gm per hen per dq 
on an 8% protein diet. This intake produced an output of only .3 2. 7 gm egg per 

ben � and the 118Ximum egg output of' 50.6 g per day' per ben waa reached OD a 

14% protein ration; conaUI:Iling 1 6.7 p protein pel" �ay under a telaperatur. 



regiiDB of 76° F ( 24.4° C ). These results show graphed in Figure 3 . 3 . 3 .  

UDder more nol"lll&l temperature conditio•, but as measured over only a 4 week 

ass� period, Thornton,, Blaylock and �reng (1 957 )  found that on a 1 5% protein 

diet, birds required 14.2  gm of protein per hen-day to reach an output of only 

36.3 gm of egg per hen day, on a 61 % egg production level. (See f.ieure 3 . 3 .3 . ) 

From the variety of experimental conditioDIJ • the variation in eatillatee ia 

not unexpected. An increase in protein level of the diet from 1 2%  to 1 8%  'Wall 

found to produce an increase in protein content of the egg of onl.y o. 5% or lee a 

than 1 gm �Gardner (1970) .) .  This fact j ustifies the me of egg mass as an output 

rather then egg protein. 

As the layine, phase progresses , 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 

lewls - called Phase Feeding, will often result in a lower egg production unless 

more then sufficient levellJ were fed initially. This condition of initial over­

supply of protein is a common occurrence and is the reason for the published 

successes of phase feeding experiments . (Fisher 1 965 ) 

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

following section. 
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As early aa 19.39 the effects of' a restrieted feed intake on egg production 

and egg weight were beiJlg studied. Quantitative restrictions. as discussed in 

section 1 .4 of this thesis (for grower rations ) • is more demanding from a labour 

point of view (Holland& §! .!:1 1 961 ) , though He,...ang ( 1939 )  experimented with th1s 

method to try and establish input-output relatioDBhips between food intake and egg 

production. Be used 75% &M 87.5% of' ..f!S lib 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 ). Hia 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 a diminishing marginal product at feed levels 

defining maximum egg number per hen. 

Restricted feeding by letting the birds run out of feed occasa iona.lly, Sfl3 

for several hours per day, (Swmners � .!! ( 1970 ) )  has had some success ill 

improving F c E am egg production. 11Skip-e.-dayll restriction, where 24 "to '5} 
consecutive hours per week wre alloYed with no feed , depressed egg production 

with broiler-type laying birds ( Pepper, Slinger, S ummers and McConachie ( 1 966 ) ) , 

even though the scheme was commenced 2 weeks after the peak of egg production. 

J?has2 Feed!M. This method of restricted feeding of layers has achieved 

some popularity in the United States .  Phase feeding is an attempt to reduce 

protein intake during the later atagee of' egg production. 

S cott ,!G .!1 { 1969 )  divided the l�ing SeG&on into 3 pbaaetn from 22 to 42 
weela! ;  from 42 ekll to 65% egg production (about 62 wekB h  and thereafter. 

They recommend ( \81ng isocal.oric ratione contain' ng 1 300 kea Mr/lb. ( 2863 kcs 

MF/ig) )  protein levels or 1 7.5$, 1 5.� and 14 .5% tor the 3 phasee • 

.olount (1968 ). working 1n Br:itail'l, waa unable to agree vith thNe reoommeDd­

ationB , which, under Britieh conditiona ,, introduced a riak of depressing egg 

production and egg weight. Thus even though the teed costa wre reduced, OV81"8ll 

egg revenue vaa reduced more. 



SUlliiD81'8 .ti _!& (1970) recommend a simU.ar programme, but placed empbaaill 

on the fact that the inf'ol"!!fltion should be used only all a guide. Not all 

layers have the same requirements for protein• energy, and other nutrients -

thus it is not possible to suggest a programme to meet all situations . Other 

factors of importance are 1 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 coats 

and to reduce egg size. 'rhe advantages of the first point are obvious , but the 

advantages of egg size reduction depends on the price received for different egg 

gradea . Extra large eggs in the latter stages of production are uneconomical 

since no extra return is received for eggs larger than the rnini.'llur�t e peeifieation 

for the large egg grade. Extra large eggs are also more prone to cracking. 

While l'ea.lising that it is necess ary  to consider a pha .. =Je reduction programme 

on an individual flock bas is , Sumn�rs et .!!:! ( 1 970 ) provide the following phase 

feeding guide : 1 7  gm protein intake per hen-day until 75 to 80% egg production is 

reached; then a reduction to 1 5  gm per day tmtil 65-7(1"$ production; then 1 .3  gm 

per day. For &.n average feed intake of 1 00 gm per day, this is equi-valent to 

1 7%, 1 5% ond 1 .3% diet protein levels . 

Owings ( 1 963 ) working 'Wit.h deep litter �irda , lowered diet protein levels 

from 1 7. 5% to '1 5.3% and 1 3 .3% six weeks after the peak of egg production and found 

no effect on egg nllllber, egg lJeight, hen body wieht or egg quality. The F C E 

appeared to be improved as wll. 
Peak egg production does not necessarily place maximum d and on the 

reproductive system. Egg mass as used by Bl.ount ( 1968 )  and Fisher ( 1 965 ) may be 

a more accurate bio�ogical cx·iterion.. For example ,  egg mass is leraa at SO% egg 

production x 1! oz . , than 7r1J. egg production Jr 2i oz., 

�ical maturit,y or � aize is also not reached until after the peak ot 

egg production. If egg mass production steya relatively constant until the eud 

of the laying period., the bird ma.y adjust ita own appetite and cona1.ae 1•• feed 
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once body developnent has ceased. Thus it may phase ita o\111 feeding progranme. 

( Blount 1968). 

Fisher ( 1965 ) , as mentioned at the end of section 2.2 ,  is in agreement with 

the use of mass of egg product as a production criterion, and adds that the bird 

us ea diet protein less efficiently as the laying phase progresses . 

Fisher and Morris ( 1966 )  studied this loss of efficiency in terms of gram­

protein intake per H D, and g�gg weight out�t per H D. The :3 phases 
studied were a � to 33 "WSeks ; 33 to 48 weeks , and 48 to 63 weeks. Diet levels 
of 1 2%, 1 4% and 1 6% pro·�in were fed in all possible combinations over the 3 

phases . T�e rrul1e of prot.e.in i.11take \.ru.B 1 3  to 19 gra:ns ::er H D ,  and the average 

efficiency ra:tine.s for the 3 phases w'ere : 2. 2 ,  '). 7, 2.3 gm egg produced per gm 

protein intake per H D. 

The early laying pr.w.se is also cha.ra.cterisec1 by a higher requirement of 

protein for growth of body tissues and growth and maintenance of feathers . This 

amounts to a requirement of about 3 gm of protein per day more tb...an that required 

cl'ter growth ceases. (S cott et a1 1961 ) 

Buist ( 1 969 )  reviewed the phase feeding s ituation up to that period, but drew 

no conclus ions as to whether or not phase feed ing ·was profitable. There seemed, 

to h11t , to be more re ports in favour of the method than ag inst. More eystemtic 

profit comparisons need to be made before the advantages and disadw.ntagee become 

obvious . 

Qualitative Reetricticm.. There has been very little wrk done looking at the 

profitablli.ty of low protein laying diets fed throughout the laying period. 

It is well known that with ame nutt-ienta • notably caJ.cium., low levels of diet 

inclusion encourage a greater efrie1eney of utilization. of those particular nutrienta . 

Gardner (1970) reported that a reduction in iet protein levels from 1 �  to 

1 �  onl3 reduced the protein content of the egg f'l'om 1 1 . 5% to 1 1 . 0%. 

Th.1s show that for a constant body protein maintenance., lower protein intake 

levels are more efficientJ.y utllized. 



The efi"ieiency of protein or amino acid utilization· depends too, on the 

quality of �l protein, and interaction with other dietary f'actorQ . 

LUlie and Denton ( 1 967 ) found that 'Where the cereals : barley, oats , wheat 

and corn each provided 1 CJ1, 1 1 2. 5% and 1 5% of the diet protein; where each \J88 

the maj or cereal ingredient (all diets isocaloric ) ;  then there were significant 

cer-eal .,  as vell as protein, a.ud cereal-by-protein interactions , effects on egg 

number and body \!eight gain . 

As the diets wre isocaloric, the different protein levels affected the 

dally protein intake per H D ( which varied s ign ificantly between 1 '1 and 1 6  gm for 

the bru:J ey diets . ) 

These rations were fed to c�ed laying birds throughout the laying phase, 

thus there -were no phase feeding effects , and birds did have time to adjust 

th.eir b ody  utilization mecha..•1is :ns to a rn:)re e fficient level. It is suspected 

tha.t there may be a hormone-enzyme riLechs.n.ism involved in this efficioncy 

adj ustment. 
Increasing p:t'otein intake increased egg production, body wight gain, food 

ccnaumption and gava a better F C B per dozen eggs produced. 

Ranked cere<!l effects on egg production (Lillie � f1 ( 1 967 ) )  ..::·egardlees of 

protein le'\·el \.Jere : oats , corn, vheat and bar).ey vora t. The utilizat.ion and 

digestion of the amino acids in the loY protein diets may have �1een affected by 

imbalance effects . 
McGinnis ( 1965 ) found that amino acid utilization t,.'SS also affected by the 

tr� of' diet-carbohydrate and non-protein nitrogen present. Work done by McNab 

and S h&nnon (1 9'70 ) supported this finding and al o found that individual amino 

acids varied as to the ef'fieiency of their digestion aDi absorption. 

The above literature doos suggest that 1n some eircunstances . laying birdll can 

adapt to lower prot in intakes which are partly caused by the low"er diet levala of 

protein. The reduction in cost of the ration ,  as well as the reduoed food con­

S\L'nption,. while depres-sing egg production slightly, 'I'Da3 cause an increase in 

ff'icieney of utJ.llaation such that overall prof'itabUity is inereased._ 



CHAPTER twO B (EXPERIMEN'IS ) 

Aims and Ob1 ect.s. 
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The laying trial ( code named LT/1 9 )  was designed to evaluate the e�rect or 

several planes or nutrition (as determined by protein levels ) over the laying 

period from 21 to 58 weeks or age. 

All birds wre fed the same rations up to 21 weeks or age. In designing 

the experiments , the arrangement of the feed ingredients making up the variom 

rations was organised with the aim or fitting a production f'Unction to the 

result!Dg data. It was then hoped that it would be possible to determine the 

optimum ratio of ingredients in the l91er ration using marginal price a.nalysia. 

In this respect the design was similar to that described by Heady and 

Dlllon ( 1 961 ) , which was also used in the design of the grower trial eN/so. 

For similar reasona (see section 1 .7 )  it was found that this design was 

unsuitable for such an analys is .  A modified production anal.ysis vas therefore 

made on the results . 

2. ') Experimental Design. 

Brooder-Rearer Phase: The stock were not selected for LT/1 9 until they vere 

housed 1n the laying batteries . They were reared on deep Utter as part of the 

Poultry Res earch Centre' s  1 9€$ maj or replacement population of 3 ,800 pullets. 

LaYer Fhyea Both sides of one 3-tier battery unit vere used. Food 

troughs vere subdivided into sections of 3 single bird cages for group feeding. 

All nine birds (3 from each tier) received the same ration. This unit 'W88 

called a " tier group" . Each tier group vas replicated at random vi thin each or 

'the 4 blocks of the battery. Cbt block occupied half the length or one side ot 

a battery. For statistical analysis ,  treatment. and tiere vere considered fixed, 

and block:ll random. 

2.6 Ratig. 

All birda were fed the P .R.C . Starter...A am then Growal'-ol ratiODS untU 19 

wets ot age \ilen they vera transferred to the lft18r shed. 
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Appendix II, Table 1 showa the ingredient composition of the growr ration. 

Using ingredient costs as at February, 1 969 ,  this ration cost $76. 20 per ton 

( delivered in bulk ). 

Birds were fed the normal P.R.C .  l93er ration (see Appendix I,  table .3 )  

for the first 2 weeks after transfer to the laying shed ( 1 9  to 21 weks of age ) 

to allow a settling period on a good quality ration. 

There were 14 treatment rations (labelled 1 9/1 to 19/1 4 )  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 1 9/1 and was 

decreased in ste.rs of .3% to reach 40% of the 14th ration ( 1 9/1 4 ) .  

( 2 ) A pollard fraction ranging from 5% in ration 1 9/1 to .34. 9% in 

ration 19/1 4 in step� of 2 • .3%. 

(.3 )  A meatmeal .fraction ranging from 2% in ration 1 9/1 to 1 1 .1 %  in 

ration 1 9/14 in step! of 0.7%. 

(4 ) A basal traction which supplied some of the protein together with 

the bird1s 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 lb. per ration ) .  Rations wre stored in labelled 1 00  lb. -bins in the 

cage shed. The rations were purchased in sacks (which increased the coet by 

$.3 per · ton )  because of the small quantities involved. 

After arrival, samples ot each ration wre taken and anal.yaed for Kjeldbal 

nitroge %, aeh %, mo.iature % and some for crude fat % (by ether extraction ).  

These figurea (all on an ai.r-dry basis )  are given in Table 2.6.1 on page 59, 

together with the % ingredient composition or each ration. 



hble 2.6.1 % Compoaition of tije 14 I.ayer Rations• 

19/1 1 9/2 1 9/3 1 9/4 1 9/5 1 9/6 1 9/7 1 9/8 1 9/9 1 9/1 0 1 9/1 1 1 9/1 2 19/13 1 9/14 

BarleyMal 79. 0  

Pollard 5.o 

Meatmeal 2, 0  

Luce�meal. 4.0 

Buttermilk Powder 1 , 0 

Limeetof13 5.o 

Boneaeal 3 . 5  

Iodised Salt 0. 25 

Vit, Milt, Supple • 0, 25 

Total 1 00 

Coet 
·
per ton (Bulk )($ ) !1) , 50 

IJ eldhal proteia 1 1 , 6 

Calculated proteiD ** 1 1 ,8 

Eneru (tea M l(lb) 1 �8 

BDeru (ltca M 1/icg ) . 241 7  

Cal/Protein ratio 93 

P.roteiiV'Megacal.. ratio 1 0,8 

Caloi• 3. 16  

Phoephoru,l 0.93 

Aah 9 .4 

Moutun 1 1 . 0 

Bther utraot -

76. 0 73.0 

7.3 9.6  

2.7 3.4 

4. 0  4. 0  

1 , 0  1 ,0 

5. 0  ;.o 

3. 5  3. 5 

0. 2; 0. 25 

0. 25 0. 25 

1 00 1 00 

!1) . 65 59.81 

1 1 .8 1 2,1  

1 2, 2 1 2,6 

1 �8 1 009 

24,1 8 241 9 

90 87 

1 1 ,1 1 1 , 5 

3,22 3 . 29  

o.96 1 ,00 

8. 5  6.7 

1 1 ,8 1 1 .9 

2. 5  -

70. 0 67. 0 64. 0 61 . 0 58. 0  55. 0 52. 0  49 . 0  46. 0 

1 1 ,9 1 4. 2  1 6. 5 1 8.8 21 , 1  23.4 25. 7 28, 0 .30.3 

4. 1 4.8 5. 5  6. 2 6.9 7.6 8.3 9. 0 9. 7 

4 . 0  4. 0 4. 0  4. 0 4. 0 4. 0 4. 0 4. 0 4.0 

1 . 0  1 , 0 1 . 0  1 ,  0 1 ,0 1 ,0 1 . 0 1 , 0  1 , 0  

5. 0 5 . 0  ;. o 5 .0  ; .o  ;. o 5 .0  s. o 5. o 

3 . 5  3.5 3 . 5 3 . 5 3.5 3. 5 3. 5 .3. 5 3 . 5  

0. 25 0. 25 0. 2; 0. 25 o. 25 0, 25 0. 25 0. 2; 0. 25 

0. 25 0. 25 0,25 O e 25 Oe 25 0. 25 0. 2; 0, 25 0. 25 

1 00 1 00 1 00 1 00 1 00 1 ()0  1 00 1 00 1 00 

59 .96 60. 1 2  60. 7.1 6o.42 60. 58 60.73 60.88 61 . 04  61 . 19 

1 2,4 1 2,8  1 .3. 1 1 4. 0 1 4. 2  1 4. 1  14.6  1 5.6  1 5.6  

1 .3 . 0  1 3,3 1.3 .7  1 4, 1  14.4 1 4 .8 1 5 . 2  1 5,6 1 5.9 

1 <1)9 1 099 1 1 00 1 1 00 1 1 00 1 1 01 1 1 01 1 1 02 1 1 02 

2420 2421 2422 2423 24?.4 2425 :?4::6 2427 2428 

85 8.3 80 78 76 74 "(;. 71 69 

1 1 ,8 1 2. 1  1 2. 5  1 2,8 1 3. 2 1 .3. 5 1 3.9 1 4, 1  1 4. 5  

3 .35 3 .41 .3.47 3 . 53 .3. 59 3.65 J,72 3.78 3. 84 

1 , 05 1 , 00 1 ,1 2 1 ,1 5  1 , 19 1 , 2) 1 .27 1 ,30 1 • .34 

1 1 . 1 9.8 6, 2 8, 6 8 . 8  9.9 1 2.4 1 2, 1  1 1 , 7 

1 1 , 2  1 1 . 0  1 1 .4 1 1 ,1 1 o.J 1 0. 5  1 1  • .3 1 0.4 1 0,2 

2. 8 - - 2.9 2. 5 - - - -

.. Compoeition of the vitamin - mineral supplement is ahown in Appendix I, table 1 . 

** Val�a used in computation of calculated protein are show in Appendix I, table 2, 

4.3. 0 40e 0  

3 2. 6  34.9 

1 0.4 1 1 , 1 

4. 0 4. 0 

1 . 0 1 •. 0 

5.o 5. 0  

3 . 5 ) . 5 

o. 25 0.25 

0, 25 o. 2; 

1 00 1 00 

61 • .35 61 . 50 

1 5, 8  1 6. 3  

1 6.3 1 6.7 

1 1 02 1 1 03 

24� 2430 
68 66 

1 4. 7  1 5. 2 

3.91 3.95 

1 .38 1 ,42 
1 1 .4 1 2.9 

1 0.2 9.5  
- -

� 
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Calculated aDal.yses for protein, metabol.iaab1e energy, cal.ci1D1 phcephorua , 

Calorie/Protein ratio and Protein/Megacalorie ratio are also given in ·Tab1e 2.6.1 • 

These calculated figures are based on information from published tables except 

for protein values lobieh were estillated from previous anal.yses of simUar 

ingredients analysed in the laboratory. 

Price per ton delivered in bttlk: (also given in Table 2.6.1 ) ia based on 

ingredient costs at the time of formulation (February, 1969 ) . 

Ma.teria1 and Hethoda. 
General. The stock used ware strain cross White Isghorn pullets from the 

P .R.C . White Base A strain. The birds were identified by wing bands attached 

after sexing, and housed in pens of about 400 birds each on deep litter in a 

semi�ontrolled environment brooder--rearer shed.  

In the laying shed, pullets were housed at 1 9  weeks of age, one per 1 1  inch 

cage, in a 3-tiered, 504-cage battery (Cope am Cope Ltd. , England ) .  There were 

9 birds per replicate tier--group, and 4 replicates per treatment. ( 504 birds in 

all ) .  The test period 1n the l�ing shed vas for 9 ,  28 day periods. 

Heating. Brooder heating to 4 weeks of age was provided by infra-red strip 

heaters .  The initial brooding temperature (95° F )  was lowered gradually to 

achiev: a 70° F house temperature by 4 weeks of age. A diesel heater ( output 

rated at 250,000 B .T .U. per hour) in the layer shed, was thermostatically 

triggered at temperatures below 55° F.  

Lighting. The _lighting system was a 1 0 houre constant light for the first 

19  weeks. Fourteen hours constant light prevailed in the lqin.g shed. 

Intensity was controlled by a dimmer device to about 0.3 luz at f'loor level 

in the growing phase and a ra1D.imlD of 5 luz, measured at th food trough level of 

the middle tier at a point rd.dlBy between tw lights• in th ltq!ng shed.  

2 .  8 MeasU1"!11!9te. 
Body Weight. The pullets ware w!ghed !mividuall.y at 22 veeks aDd 58 weeks 

to provide information on gain dur1Dg the lq!ng period. A "Salter" spring 
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balance was tBed ( No,6o M Mark II; 60 lb. in 0.1 lb. units ), 

Food ContU!!lption, Food was vaighed into each 3-cage complrtment at least 

twice a week throughout the experimental period. Some of the more bulky rations 

( high pollard ) needed more frequent filling. Once every 4 weeka ,  refusals were 

weighed back and 4-weekly food eonsUIIption calculated. A "Salter' ( "Duet" model ) 

scale was used ( weighing up to 1 0 lb. in 1 oz. units ) .  

Mortality. All deaths or obviously sick birds were sent to Dr. Pohl for 

diagnosis . A coded infol"!Jl8.tion sheet accompanied all birds sent for diagnosis .  

Initial clinical symptoms were entered on this sheet by the shed technic.iJlns . 

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

&g lbnber. A movable indicator attached to each cage enabled individual 

egg records to be eummulated for a 1 4  day period. This record was then trans­

ferred to a card and the indicator zeroed. 

Egg Q1JaJ ity 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 colour, meat and bloodspot ineidenee and size , and albumin height. 

Haugh unit values were subsequently derived using individual egg weights 

and albumin heights with a circular normograph. 

2.9 Re!u1ts. 
Body Weight. Treatment means for body weights at the beginning and end of 

the trial ( 22 and 58 weeks age ) are given in To.ble 2, 9.1 with weight gains . 

Analysis of variance \88 carried out to detect differencee in body weight gain 

between treatments , tiara and tier by treatment interaetiona , see Appendix II, 

table 2, There were no significant differences or interactions, 
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Table 2.9.1 . 

Initial ( 22  wka. ) and final ( 58  vka. ) body weighta 
(B.W . ) and weight gains . 

Ration Initial B.W. (lb. ) Final B.W. ( lb. ) Gain ( lb. ) 

1 3 • .39 4.27 0.88 

2 3.40 4.1 5 0.75 

3 3.29 4.1 0 0.81 

4 3. 53 4. 31 0.78 

5 3.34 4. rn 0.73 

6 3 . 28  4.1 1 0.83 

7 3.28 4. 1 8  0.90 

8 3.31 4. 1 1 0.80 

9 3 .14 4- 04 0.90 

1 0  3.19  3 .91 0.72 

1 1  3 .33 4.1 6  0.83 

1 2  3.30 4.22 0.92 

13  3 . 25 4. rn 0.82 

1 4  3.28 4. o6 0.78 

The 51> M S D level for weight gain waa o. :?3 lb. There were no visible 

trends to� a greater weight g&in over the laying period for birde on the 

high protein ratione . 

Food, C()lJI!U!llption. Results were considered in the form of hen-day ( H n )  

tood consumption,. which allowed proviaion for birdti cJ.y1.ng during the period over 

wh1eh food comumptJ.on was meaeured. 

Data waa anal.yaed on the basis of H D tood conelllption per bird per day for 

the l&ole of the laying period. (S Appendix n, table 3 ). '1'be 1188D tood 

coneQiption per bird for the period of the trial for each ration is ahovn in 

Table 2.9. 2. 
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Table 2.9. 2. 

H J) Food Collllumption per bird per treatment tar the 36 week 
laying period. 

Ration Consumption ( lb. ) Ration Conaumption (lb. ) 

1 70.22 8 68.02 

2 68.99 9 69.91 

3 67.8.3 1 0 67.66 

4 68 . 02  1 1  69.66 

5 66.6.3 1 2 72.07 

6 68.82 1 .3 71 .61 

7 70 • .3.3 14 69 .9.3 

There vere N S 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, a:fter 9 weeks of lay, 1 7  non-layers were 

culled. Apart from this , some 14 birds ( 2.8%) died over the period of the trial. 

Details of the martal.ity are shown in Append.i% II, table 4. 

There were no significant differences in mortality and non-layer incidence 

as bet-ween rations. (Table 5, Appendix II ) 

Egg bber. Results ware a.nal.yaed on a Hen-hous«l (H.H . )  basis (number of 

pullets present at 22 weka ot age ) and a H D baai8 (see Appendix II,. table 6 and 

7). 

Anal.yai!J of variance for H H and H D egg number gave non significant treatment, 

ar tier,. or tier--by-treatment effecta. 

The 5% M.S .n . · level for H H egg n\lllber vaa 57 eggs , which ill a reflection ot 

the large nriation in 110rtalitt. bet'WIMD trea1'.men'ta. � a  H D bui8 , 1 7 eggs 

was the M S  D between treatmante (5% l.vel). Th1ll 1a a good GaJapl.e ot the reuon 

� egg production is UIIU8.l.l.y quoted OD a hen-dq baaia far experiaental pur� 

where n\Dbers or bil'dll per treatment 1111y not be high. 



Rellulta are preaen-ted belov in the fora s H R, H D and R D% egg productloa 

for the different treatments ( in Table 2.9.3. ).  

Thus despite the 5% range in protein levels betwen the rations (mald.Dg a 

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

gained a similar amount in body weight, and laid a e1mllar number of eggs . 

Table 2.9.3. 

Egg Productiotv'bird from 22-58 weeks or .Age. 

Ration H H Egg H D Egg H DJ( Egg 
Number Number Mlmber 

1 1 55.2 1 58. 5  62.9 

2 1 54. 5 1 51 .. 5 61 .3 

3 1 55.1 1 56. 2 62. 0 

4 1 59 • .3 1 63. 0 64.7 

5 146.0 1 59. 6 63 .4 

6 1 48. 0 1 55. 0 61 .9 

7 1 56. 7 1 62. 7 64.6 

8 149 • .3 1 55.8 61 . 8  

9 1 54 • .3 1 59 .6 63.4 

1 0  1 55. 5 1 62.7 64.6 

1 1  1 54. 7  1 60. 6 6.3. 7  

1 2  1 44.6 1 54. 1  61 .2 

13 1 62.8 1 62. 8 64.6 

14 1 55.4 1 60.9 6.3 .8 

Egg Quality and W81sht. Yolk colour, Haugh Unit Values and t am Blood 

spot incidence were all atis"f'actory from an egg quality point of' view. The 

egg wight averages f'or th1ll •ample all tell within the range of' Standard grade 
eggs (55 to 57.5 g ). These �ult. are ...-ent� in Table 2.9 .4  on page 65. 



Table 2.9.4. 

Egg Weight and Egg Quality measurements per treatment 
made on samples taken .for breakout at ;6 weeks of age. 

Bat ion Et: Weight. Yolk Haugh Meat and Blood 
gm. ) Colour 

( "Roche" Col-
Unite S pots (%)  

our ran) 

1 56.38 7.2 77.8 2 

2 55.45 7. 5 78.6 2 

3 56.91 7. 2 78. 5 4 

4 56.48 7. 2 78.8 2 

5 56.37 7.3 78.1 0 

6 56. 88  7. 5 77.9 4 

7 56. 56 7. 2 79 .4 0 

8 56.94 7.6 78. 5 4 

9 57.41 7.3 79.4 2 

1 0 55. 57 7. 0 78. 0 0 

1 1  54.96 7. 0 77.2 2 

1 2  56.84 7. 0 79.3 2 

13 56. '.r) 7. 1 80. 2 2 

1 4 57.26 7. 2 80.4 4 

2� 1 0 Discussion. 
There are several possible explanations .for the lack or variation in reeponae 

to the varying planes or nutrition used in this experiment. 

There is the poee1b111ty that the loweet plane ( 1 1 .8% pr-otein) vu providing 

sufficient .for a protein intake optillal .for egg production, and that all higher 

protein levels ..... surplua to the requirements or tbe ben. 
The possibility that an 1Dcreued efficiency or utilization occurred on the 

lower protein intakes 1e another explanation. 
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It 1183 be that a similar experiment oarried out on bi:rda llhich had bad 

less than an optimum rearing management am indeed laying management, would have 

showed a production depression at the lower protein levele. 

When dealing with living biological entities such as IX>ultry, the inherent 

nexibility or the bird to carry out ita 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 vas 

seen in CW50 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 wre not low enough to cause a depression il1 

production. 

This is illustrated more graphically in Chapter 3 were production response 

curves are dealt with in more detail. 



Clll� vrER. THREE 

EC v 'lO f!C ;..:;:,LY: I:'> OF :' .... TIO:B FOR LAYER POPlTT ATIO�£ . 

3. 1 Outline of the economic model and the role of the 

producti on !Unctio n. 

3 . 1 . 1 

It is of benefit to outline a gener,�i"" ed a1)proocl. to the econo!!lic 
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anulys i� of ani�al Eoduction problem�s . Initially there mUDt be a des cri?tion 

of the production s itua.tion of inceres t ;  this involves detail of the fra'llewrk 

of production and the variables u..11der opcru.tiona.l control. , statement of the 

economic problem associated with tne prcxl uc tion �et-up lc'""ds to the s pecii'ication 

of the c c ono1ic model to be used. . 'fhis will ::-Low the s cope encompassed by the 

·'1odel - "I-Jhct!10r it is , for exa'llplo , to be u :xrtch or ;mole farm 'llod el . Once 

this is es tuiJl ished , the obj ective function mos t  a.p'lro'lric'te to the s ituntion 

is chos en. The role of orod uction !'unctions in the :1oJel for econo":lic a-'1nlysis 

is simply that they 'JI'ovide a rnatne-naticn.l e�> cr1 '1tion of the phys ic ;ll product-

ion proce· ses involved . 1 he ' i!l'J. then is to aani:)ul�·te the conLrol variables 

in the economic model so as to optirnise the a r)proprinte obj ective function . 

3 .  1 . 2 1leview of some economic ·n®els in 'Lfii'1,li production. 

Heady and Dillon ( 1 961 ) presented a number of s inple ec onomic nodels of 

animal production. These models emphas ised feed input/ani�al output relation-

shiJ:e and gave only limited consideration to the question of the appropriate 

economic obj ective function. Least-time feed inputs or maximum profit per 

animal. were the criteria most commonly considered. For example , Chapter Ten of 

their text concerns broiler production. Broiler liveweight gain is expres sed 

as a function of cornmeal and soyabean meal intake. Least-cost rations for 

different cornmeal and soyabea.n meal price ratios are presented , though Townsley 

( 1 969 ) has criticised the requirement that least-cost rations must necessarily 

follow the expansion path. Broiler weights that maximised pro.fit per bird for 



different product and feed prices were presented . 
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The question of the optimum 

batch number was briefly cons idered for broiler production. 

Brown and - .rs cott ( i l)bO)  also cons id ered the production frc:le\rork ::>f 

bro iler 'neat production ond recoenised that broiler chickens are crown in 
batches either to certd.l1 vcrq;e live-weie,ht , or f'Jr n ccrt::in tim period . 

This concept led I3roi-Tn · 11'1 .\.rfl cott to for"'l an obj ective fu.11ction for 1ln.Xbmm 

profit per unit t :L"'le . 

r�. second maj or achieve�nt of thes e \-Torkcrf; m�.s the inclus ion ,  in n least­

c os t ration linenr prorru: nine model ,  of "�ni"'t -J res poYl"' C inform: tion derived 

from a producti on i\._t1ction. Th'3y red.is cd ti 1::1t tl e leac t-co: t r':..ticm did not 

allow for the biolor ic::.l re� ")()nf"e of the ani-.1cJ. to rl F'forcnt lcvelG of inputs . 

Animal res pon�e for �my le�t-c os t  ration font:J_·:tiol'l \·l::.S ;:rr-edicted b" reference 

to a production function uith nutric11t ( ''rotei;l .11d energy ) intake� an the 

inde pendent vn.ri:1bl cs . "he C 0"1 1on �on of le<.E t-con t line< .r  ;JrocrllJ'l 1ing 

'llini'1i"'eS the cos t of s atis fying fl t<'.�;cc nnt.rir n '- ,-·e· ,J.irc"lcnt� for <.o"le , ivcn 

bulk ( weight ) of fe ed . ! Im.rever , r'ltion cons UJ!ption may be an i"loort:mt cornponent 

of profit in ani1w.l pro.l uction s itu.:>tiom: , ruY1 unJ e1• !1.0. libitum fe eding this level 

is uncontrollr> blc for any f Ve'1 rr.tion . '3r::nm n..1.d .rs c0tt thereforo re '1lnced 

the common bulk cons traint in the lcas t-co:;t linear propra";lme \Jith a c onsumption 

function that predicted n.ni'71nl intc1�c , over :: o-,c s ;x?c ified t i11e fX3riod , n.s a 

function of protein and energy levels in the ration. The economic model was then 

manipulated to derive rations that max imised profit ;er unit time fo r different 

production periods . 

A consumption function predicting � libitum feed intake is an important 

part of animal production models . The a.r!lount of fe ed conau'!led contributes to 

feed costs as \Jell as the cost per lb. of a ration. Also ,  predicted f'eed 

intake must be restricted to be ing  les s  than or equal to the 1!.9 libitum rate in 

any model of' animal production. 

Dent { 1 964 )  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 11in i'11ised feed cost for this level of JCrformance . Thus his 

objective funct ion uas to max imise profit per animal for a fixed level of 

perfornance. This implies c. fhcd production ?eriod and does not cons ider the 

time conceot.� rained by Brmm. 'l.11d �trs �ott ( 1 960 ) . 

To'Wllsley ( 1 968 , 1 )69 ) fo!'··pJJ...., ted " '1Ut1.dr'"!tic pr�YrT1ninc '!lodel des igned to 

identi� a rane e of econ�ic�ly efficient rations for pig production. The 

model relates to 1 :1 ne c ifien overe>.ll \.Je i.n ht ;: " in for ')ir e fed ad lib. but selects 

the least-cos t  ration for rmy mn':cr of fen� ible aver'l[e d:tily !'ates of live-

we ight p ain. In this way lcast-coQ t, lcnnt-ti·'lG or "l.Ui'"'lU:-:1 profit per unit 

ti11e rntions c�·n be identified . This �1o�cl re �11 ec: that ;-1.vcr· .;::e daily live-

weight f'Lt.iu be a r:oo<.lrutic ftmct ion of mr':.ricnt int.•oJ<:cr :..n�1 tr.:-tt §.£1 lib. feed 

con8U"1ption be n lincnr furct j on of' pntr icnt L.,+ ,.,l-::r'" . ' here +.hese two 

conditions are not '!let, c encr..., l is ed no'1-l ben.r proer'11>:i.r1g YJethods or the 

MethoJ described by Jent ( 1 161. ) ,  1 ,.. ;.:1.r 1 i11c<U" ro" r:::YJ ilin:-- , could be used ( with 

the proviso thc.t un intd�c ftlnctio'1 be i"lcluded in the production :nodal ) . 

Dent and Ca.c:ey ( 1 ';)67 ) rm<.l Po\Tell c:tiXJ Dent ( 1 ';6S� ) d is cuc-3 :- ome other 

'llodi.fications of the leo.st-co"'t l inoru- pror rc."llin£: 11odels Pouch as relaxation 

of the common bulk constraint. S uch modificati ons ure li.,ited by their failure 

to recognise the importance of an intake or consu'!lption function. 

3 . 1 .3 Pr9duction functions in animAl production. 
Production functions have been mentioned in the previous two sections -

presenting them as a tool for use within a model for economic analys is of live-

stock rations . HelXlerson and uandt ( 1 958 )* give the following def'inition of 

a production function :-

Henderson J .  1 . , R.E .Quandt. n ,ficroecono!llic Thoory. 11 

p.42. l'icGraw-Hill Book Co. , N .Y. 1958. 



11 a production function is a mathematical expres sion 

for the relationship between quantities of inputs 

used ,  and quantity of output produced. 11 
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A production function su�1arises inf0r�ation on the technical process of 

production, enabling an output level to be pred icted , g iven the number and 

level of inP'..rts on ,.Jh ich the o11tput is dependent . il. Toduction function can 

'"lo."it e,enerally be 11ritten : 

y = f • • • • • '  X ) n 

\.fhf'3re output ( Y )  ifl u -:�a.thematicul function ( f ) of various inputs (X1 to Xn ) . 

'l'he method of eerer wion analys is is � uitcci to the ertimtion of production 

function coefficients . Predictions cu..1 then be nade f:t"O .. 'l the 13Gti nated 

.function . There are three f-,ctors to corts ider Yhen carrying out s uch a 

regress ion analys is : the choice of variables <�noag which the relationship is 

s uopo�; ed to e:x is t ; the -,athe"l:.tticnl for fl o.f :J1e :torlel; ;...:1'1 tho t:' ,:>e Jf estiroat-

.ing proceourn to UF e. The a.i:n being to obt:;.in as t..c curt-�.te a deo cription of the 

o.ctu'll 1Jl'oauction proc ess a.s ir, ,of'� i�lo . '' i tG 'lGthod of Le f't ' l ll:'..I'eS 

Roeresr ion (L ._; " · ) v neJcc or a.nl S ochrc.n 1 9•)7 ) is us u:...lly chos en , ... ::; the procedure 
"" 

proviJi•lC, the 'los t · w <! llr<J ._,. e!.l ,b1nU.on o1, ow,_mt ( l ) wit..l 1  the _e:...s t  varhnce 

und hilts . C ochran ond Cox ( 1  ; 57 )  i.s cur, r- the mlit..:tbil lty of the L S R me thod 

of tFoduc tion .f.'unctlon es ti�at ion for respo·1r.e researcl 

Prod uction 1\lnction esti'!Ultion re 1uiref" :i particul?..r type of experimental 

design \o�here it is important to provide a s ufficient nu':'!ber and s _?ren.d of treat-

ments so as to enable the continuous nature of the an.imaJ.. res ponse to be measured , 

( Heady and Dillon ( 1 961 ) p.."'l.ge 1 !,7 ) . This means that where funds for research 

are limited , there could be s o:ne s acrifice in statistical requirements for 

replication. A balance between number of treatments and number o£ replications 

per treatment must be reached • Williams and Baker ( 1968 )  eo pare the production 

.fUnction approach with factorial designs , while Anderson and Dillon ( 1 968 )  

illustrate an argument for response research on the ba.s is  o£ economic consider­

ations . 



The control variables decided upon for the production function inputs , 

(X1 to X
n ) o.re ns su"!led to be a.lterable in a continuous fashion over some range 

of levels for e.::tch control variable . This continuity as sumption is neces sary 

if cnlculus aethodr" ore to be used in t]"le <JW l' · is of un economic 11odel based 

on te clmicc..l proJuction functions . 

Problems in t.�€ 1ethods of cr- t1 · tion of ll'od nction "(IJ.nction::: in livestock 

fecclinc involve thos e of PUtoc or r._'1.a.tion in s ucces s ive 0bsc.:!'Vl'li ions on the same 

c .. n.i 1cl ( . nder::: on 1 ) 5:-: ) ;  '1iolo;: ic 1 vr- j_ •• .,. i on j_, the ex -.rj'"'l;�nt· � ar.imala and in 

the i.ll£:,rcr1 icnts L:::-ed for the rc."tion f:•r l'LL· .1 i.o; , :n� intJrac::.ionr-: betueen these 

t\>IO lu.tter f<..ctors c ... us int tm?rccl ic:. ..... �lc c 1, .1,_ c:: L'1 i · t  � '- ' Jith diff•3rent foods 

o.nd c.ni '"1C.ls • he :-1etl .ock of e� ti '"1::tic•1 o "  _,, ·oc! uction f'r:nc"L · onr- j_..,_ the presence 

Duloy <. Yl :  T_;ottc;e ( 1  :./7 ) , Jillc1. ( 1  U' . ,  J 1  · ·Her ( 1 "1 '  • 

_,tU'ly ·.:orl:: u�:Lh .)j: ocluctj on f�ucti:)nc; ' e. t i::nt.erl b,v le...-· t f'1uares rerrers ion 

( ., L ; 

ion fUnction to o:--: pcri "'lent ,J.. cbt::t • 

:CC ·..:·t y 1 1  ':"59 ) 1.l!"' e L1cro·>..� inc fertil-

. 1ost of the l'cccnt uor1- in t:Le ':'ield o.:.' :;1i 1:1l wcxlucti.on functions h:l.S 

bee..'1 c�ricd out uith pig live \�e ight gain. TO\msley ( 1 963 ) derived a 

whey neal function for pigs ; Dent ( 1 ')64 ) and Dent � al ( 1 96() )  us ing the 

nutrient approach with protein and energy intakes of bacon pigs ; the latter 

incorporating a least cost progra�e. 

Tm.msley ( 1 969 )  looked critic ly at all the previous methods , and advanced 

a quadratic programming model for pig rations in an attempt to allow for the 

s ituations unaccotmtcd for by many of the previous workers .. Statistical 

estimating procedures advanced by Fuller ( 1968 )  were also illustrated in this 

study. 
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Choice of the control variables lliUSt be caref'ully made from the range of 

animal genotypes and environments available. In practical research s ituations , 

the choice of variables is usually limited by the expense of d ifferent types of 

equipnent and the labour involved in measurements . \•ith most nutrition studies , 

the control vjriables are the feeds tuff ingred ients of the ration. However 

where the choice of feeds tuffs is large , estimation of a production in terms of 

the intake of individuul feedstuffn is i'l1practical and another ap:->roach is used . 

l!:ach feeds tuff is made up of certain nutrients which c.re the che11icals us ed by 

the animals in the synthe s is of the output product beine 11easured. The two 

nutrients us ually considered as functional inputs are protein &nd energy -

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

The nutrient approach places reliance upon the chemical analysis of ingredients 

for these nutrients . It is c.enerally recocnised thut there �re -nany proble'llS 

i�volved with this approach c oncerned vith how the chemical �ulyses reflect the 

biological vo.lue of the relevant nu .rients . It s hould be reo.lised that mos t of 

these problems also arise l>:ith the use of ingred ients a.s inputs ( \1here these are 

fe"r ) bccaw e  of the variation present in the nutrient content of d ifferent 

s a:tples of a given feeds tuff. For exa'llple , analyses carried at the Poult17 

Research Centre ( 1 968 )  on crude protein levels of barley in the ?-1anawatu, s howed 

a range of 8.5% to 1 2%  for five s amples . 

The feedsturr approach does avoid problems such as variation in amino acid 

patterns which exist within any crude protein determinat ion. For example , the 

amino acid pattern is different for protein from the sources barley and meatmeal. 

Anwar ' s ( 1 970) suggestion for the use of Gross Protein Value Units may lead to 

a solution of this problem. An index made up of amino acid levels weighted for 

usetulness may be an alternative. Brown and Arscott ( 1 960) , Dent ( 1 964 )  and 

Towsley ( 1 969 )  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 l�tabolisable 

Energy ( r.f E )  as an energy unit has maey advantages (JVer Gross Energy or Productive 
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Energy, but there are still problems associated with its method of determination. 

At the Poultry Research C entre , experiments have shown that feedstuff M E values 

serve only as a guide to overall ration energy values . 

A solution to the problem of inac curacy of estLnation of the production 

funct ion caused by nutrient variation awaits the testing of models which have 

be en  estimated by both approaches . For the economic models s o  far d es cribed 

to have any practical relevance , it is neces sary to be sure that the feed mixes 

designed to meet the optirnwn nutrient s pecifications , will :natch the level of 

perforru.u1ce predicted by the production fu11ction. ;.n introductory study to 

tes t  a pig meat model was carried out by Dent and English (1966 ) and more 

recently by Dent, English am F.aeburn ( 1969 ) who tested u regress ion model 

previoll!:'l ly estimated by Dent , i3lair , E.nglis h  :md Rlieburn ( 1 970 ) . Thes e ex peri-

�ents introduced the concept of res pon�e to a graded intake of an amino acid 

( lys ine ) us nhown by live weight gain Cilld lean meat production of pigs . Protein 

and Total Digestible Nutrients ( T D N )  , .. ere also cons idered as input variables in 

regres sion �1uations , but the work still lacked the inclus ion of an intake or 

c onsumption function which le ft open the ques tion of which method of feeding was 

��ed: �  �. , or controlled. 

No definite conclus ions were dra\m fro-, the experiments of Dent et al ( 1 969 )  

which looked at the feas ibility of bas ing pig feeding systems on nutrient ratios 

without reference to ingredient compos ition as part of the testing of the 

regression model set up by Dent et al ( 1 970 ). There were no significant diff­

erences between ingredients for equivalent nutrients \·lere lys ine a.nj energy 

substituted for three different rates of live weight gains over three growth 

s�es. However the results did show that 1ml change in diet during any of the 

growth stages , reduced the rate of live weight gain. 

The initial requirement tor a nutrient approach was necessary because of 

the large number of alternative feedstuffs usually inclu:ied in any least-eo t 

teed 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 

des ign of rations for trials C N/50 and LT/1 9 and is dis cussed in section 3 . 2. 2. 

3. 2 Economic models for analysis of rations f��r wpulations . 

3 . 2. 1 Revie'W of economic analysis of laver rations . 

Production functions in the field of poultry sc ience have been mainly 

confined to the broiler field ( Brown and Ars cott 1 96o, Heady et al 1 961 , Heady, 

Balloun und To'WilSley 1 966 ) , but there is some earlier work published on the 

layer s ituation. 

J leyvw.ng ( 1 939 ) derived a linear function for food intake and egg number 

output bas ed on experiments with quantitative food restriction. This experiment 

has been d i�cussed pr-eviously ( Pare 53 ) . 

Hanson ( 1 9.49 ) used laying trial results to derive a linear funct ion which he 

s us pected may indicate diminishing returns of egg nurnber output to fe ed intake at 

higher , and then undeter'Tiined , food intake level" . He drew attention to the 

problems ass ociated with the difference bet'Ween live weight gain functions and 

continuously-produced-product function" such Af; rrtilk or cc. s . He noted that : 

1 1 di11inis hing returm� for continuous flow outputs are not 

clearly visible because of the flexible nature of biolo-

gical ( proces sing } machine�. Eggs and milk are both 

secretory products of the reproductive system. 11  

( Hanson & 1ighell ( 1 952 } ) . 

The fXU"allel bet'Ween eggs and milk produc·cion output was taken from Brody 

( 1 945) 'Who stated that the : 

11 energetic efficiency is the same for milk and egg 

production. The maintenance fraction of the diet 

is higher for hens than for cow , thus wv restriction 

of £eed should have a more significant effect 'With 

hens , than 'With cow 11 • 
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Heady ( 1 966 ) and Heady and Brown ( 1 961 ) also discuss and derive production 

f'unctionP us ing  an output measure in terms of egg number . Heady and Bro\-Dl 

( 1 961 ) fitted a paYer-form function for v;hite Leghorn and 11 hybridsn . 

Heady ( 1 966 ) introduced oroduction functions and other econometric 

techniques to the modern poultry ind u:�try at a British Egr, t.fa.rketing Sympos ium. 

He presented the frame\olork of a production function : 

y = f (x1 , • • • •  , x..., ) � 

or y = f (xi ) ;  i = 1 ' • • • •  , z 

\-I here y = ee..g production 

i = 1 to e : ration constituents 

i = ( e  + 1 )  to n variable cos ts e . g . labour. 

i = ( n  + 1 ) to r strains of hen us ed .  

i = ( r  + 1 ) to z fbL•d co'" ts o ·· d ifferent building types . 

�mphQS iP was plnced on the need for ,ore research �1to the �qe of 

econo�etric techni1ues with poultry . 

Tonkins on et al ( 1 '365 ) ( 1.t Jkla.homa S tate ..;ni':crs it.t ) , \! .ilc realis ing the 

interpretation problc,s a� sociated with "Lhe nutrlc.1t L"lput t"!..?J."Jrocch , O [' t i  n �ted 

three quadratic functions in terms of input levels of protein ( gra;n-intake per 

hen-day ( ll D ) )  and energy (H E intake per li D )  : 

yi = r <x, , x2) 

where Yi 
= production response, where i = 1 , 2'  3.  

y1 
= body weight gain in the l�ing period (gm). 

y2 = egg number ( H  D ) .  

y3 = average egg weight ( gm ). 

X, = protein intake. 

x2 = energy intake. 

The L S  R method produced the following functions : 



,.. * * 2 2 
Y1 = -1 1 34 .91 + 22.� + 41 . 47x2 - o. 1 97x., x2 + 0. 23Sx., - 0. 20� ( gm) . 

,.. � �r ·' * ""* 2 2 
y2 = -205. 67 + 22.4� + 1 0. 1 5� + 0. 03Jx1 X2 - 0.673� - o. 1 56x2 ( eegs ) . 

1\ � *  .::. � 
y3 = 49.42 

+ 
1 . 079x1 - o • .t. ?x2 + o� ooo:;x, x2 - o. o21x, + o. 01 1x2 ( gm ) . 

* indicates that the estimated coefficient is 
s ignificantly different from z ero at the 5� 
level - the level of significance of the 
paraTieter s um  of squ�es as they affect the 
res pective production responses . 

1 % level of significance . 

Levels of daily protein and energy intake for ma:ximum epg production and 

egg weight ( 1 60 eggs a.t 55  gm. each for a 1 96 day period ( 82; H D eu:, L t")duction ) )  

'rere fou.11d by derivation to be 1 6 . 6 gm. protein and .341 kcs per H D.  These 

levels corres t�ndcd closely to nutrient s tandard levels pet uo by the Oklahoma 

Uni vcrs i ty. 

The isoqt1ru1ts for epg number , and the is oquant for zero body weight gain 

n.s derived by TonLinson � � ( 1 )65 ) ore s ocn in Fi(ure 3. 2. 1 • 

!'he ranee .)f protein L11t'lke necessary for 76;" production ( 1 50 egr,s on 

Ficure 3 . 2 . 1 ) is 1 3 to 22 gm per H D, which would be eas ily 'Within the pos sibil-

ities of most practical layer rations . This "WOuld represent a minimum level of 

1 3% protein in a ration for a 1 00 gm per H D intake of food. 

The data used in this a.nal.ysis came from an experintent investigating the 

effects of protein, energy, and bulk dens ity factors on physiological intake 

factors in the hen (Gleaves � � 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 ws not clear whether the unusual experimental nature of these rations 

( caused by the inclusion of the inert substances ) affected the intake of the 

factors being considered by Tonldnson � .!!! ( 1 965 ). 



-
0 

c 

� 
a. 
"0 

<D 
� 

• a. 

� 
� 
0 

.E 
� 
� 

0 
0 

u 

Xz 

700 

600 

500 

400 

300 

200 

. Grams Prote1n Intake Per B�rd Per Dov 

FIG. 2.-The response surface of egg production 

in relation to the li
.
ne of zero body weight gain. 

76( 1 )  

Fig . 3 .  2. 1 : Body weight and egg production isoquants for the factors 

energy intake, and protein intake. 

From " Production responses as af'f'ected by nutrient intake of' laying 

hens. 11 Tonldnson L.V . , E .W . Gleaves , R .H. Thayer, J . L. Folks , 

( 1965 ) .  Poult. Sci. Ill { 1  ) , 32-38 ( 1 968 ). 
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Fisher ( 1 965 )  examined already existing data from many d ifferent sources 

in an attempt to find the optimum level of daily prote in intake per hen, for 

an optimum output of egg mar-s per day. He found many sources of variation 

between breed and strain, housing type , temperature, environment and disease 

level , and L�teractions bet�en thes e . .{ealis ine the importance of econo.1lic 

cons iderations , he attempted a �ginul price analysis equating the marginal 

c ost of the protein ... tith the marcinc.l co::-t of egr, output. There were no 

definite conclusions drawn becaUEe of the luck of sufficient data from any 

con::- istent Pource. The effect of age on rcfl pon3 e uas con::- idered important. 

Thus for av r: et of envi!'on"'lental conditions c.nd ony one ntro.in of bird, the 

optirnum level of protein intake clumeed with or, e. This is related to tbe 

e ffic ienc�- of prote in ut iliz ation , lli!d is dis cu:-sed in C hn.pter ? , page 55 . 

Fisher and 11orris ( 1 969 )  n..,d .c i, her , . iLTis and Jennill£[: ( 1  /70 ) looked at 

res ponse curves for methionine intuke in ter:ns of egg mas s output per day as 

part of a study on a-:1ino Q.Cid requirements . The :todel : 

E = ( 1/ n )  ( 'l L. T - b 1-1 ) 
lJ!1ere B == egg output per day .;Jer hen (gms ) . 

A E T = methionine intake per H D ( rng ) • 

W = body weight ( gm ) . 

b W = 1aintenance require'"Oant of roothionine. 

a = methionine requirement per gram of egg. 

This model was directly related "to a s imple biological concept" ( unstated ) 

and " produces s imulated observations 1.-1hich are remarkably like thos e obtained in 

real e:xperimenta" . Values of 4 mg. for 11 a11 and 0. 025 mg. per gm of body �ight 

for "b11 ,  gave "E" values comparing -well 'With the experimental data. (Fisher 

1 970 Personal Co:nmunication ). For each bird , E increased as a linear function 

of E T until a value E vas reached , representing the maximum potential of 
. max 

that hen. Further increases in roothionine input -were assumed neither to increase 

or decrease the yield. ( Fisher 1 970).  
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Difficulties were experienced with determination of levels of methionine, 

a Streptococcus zymogenes bioassay being used. The function relies on a 

normally distributed egg output vhich is only strictly true for flocks of young 

pullets laying at a high rate . 

;'lo 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 �nulysis of layer rations . 

The production proceRs involved in egg production is a continuous output 

situation similar to milk production. It involves the intnke of nutrients by 

the hen in the form of a mixture of feedstuffs , and the output of :o.atcrial in 

the forn of eggs of various we ights , quality and number - depending on the 

adequacy of nutrient supply from the rati on , other environ 1cnto� phys iological 
and '1lu.nueement factors , o.s well as the genetic potentiD� of the hen for egg 

produc tion. 

The laying bird is non-productive � or the first 1 8  to '?4 \-leeks of ae,e , and 

th�;:n it co .nonces to lay : firstly the egt,s are poor in :unlity, s -nall in �iz e  

and few in number , but there is a rapid improve11ent in cll these factors under 

good management conditions . 

Becaus e  the poultry farmer must decide at least 20 weeks in advance when he 

will replace a laying population, and als o  because the level of egg production 

usually falls more rapidly after 1 2 months of lay, the time period for egg productr­

ion can be considered to be relatively inflexible at 1 2  months. 

This means that the batch length of the model can be cons idered fixed , and 

the obje ct is thus to maximise pt'ofit per hen per yes:r. 

The controllable variables in egg production incll¥le : age at sexual 

maturity; strain of hen used; type of building used; type of housing system within 

the bnUding; number of birds per shed , and per cage, or per pen, or per unit 

noor area; temperature of tbe shed; relative humidity and other environmental 
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variables , 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 variation in the nutrient 

and/or ingredient compos ition of the ration offered during the production period. 

Because feed costs represent s uch a high proportion of the total costs on a 

poult:L�y farm, it was decided to cons ider feed factors as control variables . 

The next otep was the formation of the economic model . Income is derived 

from the s ale of eggs and the cull hen at the end of the leying seas on. There 

is a steady output of eggs over a certain time period, ar¥1 the size of these 

eegs gradually increases with time. The rate of increase and the eventual size 

being determined by factors di�cu.ssed in C hapters One and Two. 

The phys ical product wh ich determines egg revenue is a combination of 

\.Jeight o:f output within certain err:, er:1de� , and nu'!lbers of eegs . Neither one of 

these factors c·  n be considered t:lone becau.s e  the present :Jrice s tructure for 

eggs is d eter'71ined through numbers within ee.cb t;rade , or nu11bers of eggs making 

one d0ze;1 er,fS of a cer c::tin weir,ht. Grade its elf is a f��ction of egg quality 

as \\ell 'ls egg ' !eight , anu the price '.Iithin oo.ch � rade chun,:cs throur,hout the 

calendar year in res ponse to the s ulJply from the nn.tional flock. However, 

nuctuations in egg prices can be considered exogenous (uncontrollable ) from the 

ind ividual producer ' s  viewpoint. 

Egg revenue per ben for the t-th price period, ( i. e. s ome  period of time 

over which egg prices paid to producers 1 remain stable ) , for a hen on the j -th 

ration treatment, is given b,y s 

where 

5 

Rjt = ( (  L p 1 Gij ) Nj ) t 
i=1 

• • • • 

p
i 

= The price received per eog for eggs in the t-th 

period. (1 = 1 to 5, see  Appendi:x I ( o )  ).  

Gij = the �portion of egga laid dm-ing the t-th 

period that are in the i-th grad • 
Nj = tbe total number of eggs laid dm-ing the t-th 

period, measm-ed on a he� basis . 

• • (1 ) 
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Nj is based on a hen-d� figure so that mortality d ifferences between 

treatments , eypothesised not to be treatment effects , 'Will not bias the revenue 

function. Depending on the statistical significance of the growth depressing 

and 11 stress11 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 N .  � be considered on a hen-housed bas is . 
J 

(Appendix I (d ) explains the derivation of hen-dey and hen-housed egg production) .  

Total egg revenue per hen fro'"!l the j-th ration treatment is r-iven by : 

R • ._ J ·v • • • • • • • • • 

where Rj t  is surmned over the number of 11 price periods 11 thL1t occur during a 

production rtm. 

( 2 )  

Income from cull hens at the end of the productive period is a function of 

their final live weight, and the price per lb. �ith the advent of broiler 

production in New Zealand, this price has dropped considerably, and only 15 cents 

per lb. was received for hens in the experiments reported in this thes is . 

C ul l  Hen f{evenue = Pb \Jbj 

where Ph = price per lb. live weieht ( 1 5c. ) 

�Jbj = live \.Jeicht per hen at end of luy for the j-th treatment. 

There is an increas inp, trend in poultry breeding to select for a high pro-

ducing layer \dth a smalJ body weight. These birds have a reduced food require-

ment for body growth and maintenance , but produce a lighter weight hen at the end 

of the laying period., thus reducing revenue f'rom this s ource. 

A simplification of the variable costs incurred during the life of the laying 

hen can consider feed cost alone , as this is the maj or variable cost to the 

farmr. The food cost is given by a 

= • • • • • • (3 ) 



where Pj Yj = The total cost of food consumed in the growing 

p = 
g 

pl = 

y = 
g 

yl = 

and laying period for the j-th treatment. 

( period hen-day basis ) .  

price per lb. or the grower ration. 

11 11 11 11 " layer 11 

total consumption ( lb. ) of the grower ration. 
11 11 11 11 l l  layer l l  

Thus profit per hen per year for the j-th treat..!llent can be stated : 

• • • • • • 
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• (4 ) 

Now that the profit function is established, it requires study to see where 

production function analysis can as sis t in the economic evaluation of rations 

associated with the function. It is emphas ised that the production function 

ap!Jroach is from the £h.Y.P.ical nspect only, the advantage being that physice.l 

res ponses need only be established once , to fit in Yith any set of factor-product 

prices . 

The phys ical outp1ts that contribute to the profit function , and may thus 

have production functions usefully estimated for them are : Gi' ,l, Wb Y Y1 
' g , • 

The meus urable quantities re presented by these symbols can each be regurded as a 

function of the variD.ble inputs cons idered . Attention must then be paid to 

several factors : firstly whether the range of input values chosen affects the 

output factor s ignificantly (test by analys is of variance ) , and secondly, 

Yhether it is JX>ssible to attempt the fit of a production function. 

The egg revenue function, equation ( 1 ) ,  !!'lUSt be sep1rated into its component 

parts before an attempt to fit production functions can be made. 

The �iological. causes behind the variation in grade and number of eggs 

laid have been mentioned earlier in this section. To s1mpl1.fy the folloYing 

discussion, time concepts have not been considered. That is • too economic model 

ie simplified by the asstmtption that egg 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 f\mctional effect on each of the five 

grades , and this can be set up as : 

a1 = f1 ( x ) 

G2 = £2 ( X ) 

• • 
• • 

G5 = 

5 

where L 
i=1 Gi 

= 1 . 0 and where X refers to the feed control variables . 

To i..11clude time concepts for each grade i-Je coulc.l \Jrite : 

G it = ft ( X ) 
or Git = f ( X ,  t ) 
and als o for egg number dis tribution over time 

= f ( X ,  t ) 

Hegress ion equations for the five grades raieht have the form : 

G1 = a1 +b1 X 
G2 = � + b2 X 
G.3 = a.3 + b.3 X 

G4 = a4 + b4 X 

Then, as G5 = 1 - G1 - G2 - G.3 - G 4 

only the regression coefficients 0., to a4, and � to b4 would need be estimated 
because from the abov9 1 

1 - G5 = a1 -+ � + a3 + a4 + � X +� X + b.3 X + b4 X 

= ( � + � + � + � ) + ( � + � + � + � ) X 
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To use this model requires periodic grade and number distribution for the 

different treatments. Replicate information separate within treatments wuld 

enable statistical analysis for significant differences . 

This then completes the presentation of an economic model for the ano.lys is 

of rations for egg production. 

Before a ppl ication of the model outl ined above to the d ata presented in 

Chapters One and Two for the two trials , it is of benefit to digress for a 

section and outline the deter�ination of input and output prices in the New 

Z ev�and nr'rketing system for eer. jJ!'Oduction . 

'.i'he New Zealand ecouomic e:wironrnent for ere rroduction. 

Ege ')ricer.; are set by the Price Tr) 'Junal . The pr lee is bwed on current 

c ost of pr�duction firures computed by a C o�rnittee of Public .\ccount�nts for the 

Egg '-!arketing Authority ( g . ! . 11. . )  The E . ·1.A . can present n case at any time for 

a change in ecg prices to the Price Tribunal. COGt of production is reviewed 

every s ix  raonths and now in cludes nn ind ication of the movenent of er,r. production 

per bird . 

The "ltJeip hted cost fir.ures approved by the Price Tribunal do not establish 

these llS 0. cuaranteed price for the poultry farmer. This ru:10unt is the maximum 

payout ren.lisation if market returns 'llBke this pos sible . In fact , payout 

re,�is ations have never reached the approved cost of production ficure. 

Cost of production per dozen eggs as at :.tarch 1 970 was 48 cents in the North 

Island , and 44.8 cents in the South Island . These costs wre carefUlly examined 
by the Trade Practices and Prices Division of the :4inistry of Indus tries and 

Commerce, and were accepted as a fair indication of average costs by the Price 

Tribunal. P�out realizations for that oeaoon ere 46.46 cents per dozen in the 

North Island , and 43.1 2 cents per dozen in the South Island. 
The price for cull layers is not under Government control, nor are the re. tion 

ingredient inputs except for wheat products which are under the control of the 

Wheat Board. 



Economic a.na:Lypis of trials eN/50 and L;c/12. 

These two triaJ.s have been presented in the first tw chapters of th.ia 

thes is , and the reader will be referred to relevcu1t tables and text where these 

are important for economic analys is . 

FollO\.Jing the model de ::;cribed in section .3 . 2.2, it ue.s hoped to c ons ider 

the levels of cons umption of the three maj or rat ion ingredients of barley (B ) ,  

pollard ( P )  am meatmeal ( ;;!) as the independently variable inputs in a Pitua.tion 
where ere production was the eventual neasured output. 

vlhile realis ing the poss ible oroblems assoc iated with a continuously pro­

duced output of eggs ( compared \.r.i.th the broiler s ituation -...Jhere live weight is 

the final :;Jroduct ) ,  the method described in Chapter 1 0  of i:eady and D illon 

( 1 961 ) ,.nth broilers , wan used as G. !:ms b for the ex perimental des ign . In this 

ex per i:nent , Heady u..sed crruled levels of c orn . ;1d s oyabet:n t:r.coduct together with 

a con::-ta.n-1. b�Bal level of es f'ential vitamins ono "'lineralP . The principle 

dif'ference between Heady ' s ap;Jrouch and that used in this thesis , is the concern 

with the time facto:::-. 

ir, interest either in attaining u. certain live \.re i,�ht ns .uick1y ns is possible , 

or the -naximl�"l body � ieht \Jithin a certuin tine jJeriod . ri' llcse s ituations 

differ in that they are concerned \.Jith is o-we ie,ht and iso-time curves res pec tively. 

Pig-meat production is focUG sed mainly on !s o-weight curves to pork or bacon 

\veight. Thus cumulative consumption and cumulative wight gain are useful x:ara-

meters to -work Yith. Cumamlative body \�eight gain and C1.1J1l'lulative corn and 

aoyabean consumption were used as the dependent and independent variables res-

pectively with Heady 's work, observations being tllllde on these variables at 

weekly intervals . 

Their model could be considered as : 

Yt = r ( et, s t ) 

where weight gain after t weeks ( Yt ) is a function of the amount of corn ( et ) 

and soyabean product ( St ) conswned in t weks. There are statistiea1 proble 
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associated with Heady' s use of' data in the cummulated form for the estination 
of production functions . Tllis has to do with the fact that 'With any t1oro sets 
of cummulated numbers the e:xpected correlation between these is not zero. The 
curve showing the expected dis tribution is not in fact normally distributed 

about a zero value , but has the shape of an inverted no:rn1al curve 'With a high ex­

pectation of values close to + 1 or - 1 .  (Yule 1926 ) . 

This problem of irrelevant correlation vclue.::; can be overcome by cons ider-
ing several 8eparate tire periods of cu.II!Tlulated food cons umption over the pro-

duction period . Alternatively a :nore s imple model could be considered us ing 

toto.l ee.in an.J total food cons umption. 

y
t 

= f ( % c '  c• .:.> ) 
and = f ( :- c ,  � ·  s ) 

"t 

;,here Yt and 
'"t 

nre the total \ 1eipht g<...Ll 'J.nJ fe.Jd consu�rytion over the 

lihole e:x �ri'1Cntal period of ti11e t, \-Jith corn "'lld s oyabeo.11 cons idered as • of 

the ration. (To-wn.sley 1 970 Pers on< 1 C o  vnun:tcation ) .  
�-Jith Heady' s model , thoro · re  : ·ls o  "'tatis ticul problc·-:m a;. s oc iJ.ted -with the 

fact th .. "lt �.:.11 the vGriables ure enuoc,e.1uous - f ivinc, rio e to 1' errors in variables " 

problems . The author re fers to 'l'm nsley ( 19(9 ) �cl Fuller ( 1 :;.68 ) for a d.i.a-

cu.cs ion of these proble:ns . 

l\n eg� 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. Thm the production function model can be 

stated : 

yt = 

vhere:  yt = 

B = 

p = 

t.{ = 

f' (B , P,  I-1 ) 

the total egg production for the period. 

% bo.rley in the ration. 
% pollard 11 

% rneatmea.l 

" 

11 

11 

11 
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There are a potentially large number of rations that can be made up from 

percentage levels of barley ( B ) ,  pollard ( P )  and meatmeal (M) , even wen a 

constant basal level restraint is imposed. The only condition to be satisfied 

is s  

M + B + P = 9 5  • • • • • • • (A ) 

for trial C W50 

and .f + n + P = 86 • • • • • • • • ( B )  
for trial LT/19 

for !·1 , 3 , P � 0 

ao ;ever though the theoretic ..... l poc s ibili tics of ration combinations are 

large , there is only n li·nited rc..nge of practicable poss ibi.lities determined by 

a knowledge of poultry phys iology r.nd nutrition. In trials C1�/50 a.nd LT/1 9, 

ration for.nulations vere based on s uch c k:n0'l1lcJge - which included cons ideration 

of factor� '"' Uch as : pulntu.bility , w-:u:tage , bu.lki..l'lcss of t:.he ru.tion, frequency 

Though i 'WUS initially hoped to us e J ,  P .nr1 ?•1 u.s i.nJe;Je.lclontly vnri:, ble 

inputs , later, more detailed cons ul tat ion Hi th the econo11is ts , revcc..led tha. t there 

\:ere fixetl 1 1:\e<.u- rcla.tlon; llips 0etve n the level::; of inr,red ient... i '1 the 

different trout"JOnta of tri .ls .. m/50 · md  L£/1 9 . :'hi" \.Jas :.Jl9 o  true of Heady 
and Dillon 'n ( 1 961 Ch..t;Jter 1 0 ) r[•t ions . !3ee lll�'e of this f•1ct , there was only 

need to refer to the level of any one ingredient to be able to calculate the levels 

of the other ingredients as3oc ia.ted with this reference level . Thus yhlle : 

Y = f ( B ,  P , 1 ) 
there is only need to refer to either 

Y = r ( B ) 

or Y  = f ( P )  

or Y = f ( M ) . 

Thus , f'rom hinds�ht, it ws realised that in trial CN/50 linear constraints 

were applied to equation ( ) uch that r 



B = a + b P 

M =  c + d P  

Values for a ,  b ,  c and d beine chosen ( see Table 1 .9 . 1 page 25 ) such that : 
1 6 

B = 97 - - P 

:--1 = -2 

5 5 

1 1 
+ 

5 5 
p 

for 1 1  f., � P � 51 % 

. /ote t.t1at while P was chosen :J.S the reference independent variable , 

B or �1 could equally well have been used. 
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F'or trial LT/1 9 ,  linear constraints were applied to oo uation ( B )  with t.f 

as the reference variable , such that 

B = e + f H 

P = g + h M 

values for e, f, g and h beine chosen ( 8ee T�ble �. 6. 1 page 59 ) such 

that 

87 � 2 
D = 

4 7  
H 

7 

-1 4 2 
p = - + J - H . 

7 7 

for '). � . , � 1 I • 1 �: •- , I 1 

Thus wLen the econo:nically optimu::t level of . 1  is detcr, linerl for data in 

trial LT/1 9 , the levels of B and P can easily be calculated • 

• s there are also l inear chnnges in price per unit \reight, protein, energy, 

calcium and pho<>phorus ( calculated ) levels o.s ineredient levels change , these 

:factors can also be related to levels of P by simple linear equations . 

For trial C W50 the equations were derived using P as the variable, and 

using data frotn Tuble 1 .9 . 1 page 25 

Protein : Pr. = 1 0.4 + 0.1 p 
Energy (kcs -1F/lb) ; En. = 1 1 81 • 9 + o. 1 p 
Calcium % ' ea. = 0. 222 + 0.01 9 p 
Phos phorus Jt> 1 Ph. = 0.448 + 0. 01 2 p 
( � ) Bulk price/ ton 1 .. = 64 . 80 + 0. 04 p .p 



As an example , the equation relatine price per ( 2000 lb. ) ton to P ,  

is derived in Ap?€ndix III (a ) . 
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These relationships hold for vo�ues of P bet-ween 1 1 ) :  nnd 517o :  and vJhere 

the basal mix if; a cons tant 5�" of the ration . 

,, s imilc.r set of equations for trial L.i.'/1-i  us ing  ,1 for the i11dependent 

vc.rio.ble .md using da"t<-;. fro11 Table ?. . 6 . 1 pt:.f' e 5') . 
J . 

Protein '/ Pr. = 1 0. 8 + 0. 6 . .  ! 

.C.:nereY ( 11� ) · ;n . = 1 0)7 + 0. 5 !-1 

Galciu'l'l e n. = J . OO + o. CR ! 

Phos phorus Fh . = 
0 · · � . <J ," + 0. 05 . I 

Bulk price/ton . .  ' = 5S . ?O + 0.20 i1 

These rcl., tion��hipG hoJ.d for vc-J.ue� of �·l betueen 2f ·J11d � 1 . 1 ; ; �.nd uhere 

the bu.sa..l 1.tx: ls :.... com�tf�nt 1 4, ;" tl1D l'c... Ll ·· • • 

3 . 3 �es ults and dis cussion for the ero>ver trial C,;/50. 

The ,'')S s iblc de�nrl c'")t veri '•lt.. ; f'ro1 the :Yo fit Ylmc tio,l th�;.t could be 
rel" tetl to levels of p;) ll,· .rd , ( P i'1 the rat. lon 1-Icre C0 11: il .- .• :ed. 

' or exn Tlple , the cons U"1ption functi on _ ·elc ting P to the vnoll!lt of cmlS ll ,lp-

tion of each rntion (Y ) >-m...q esti�ted for the crowing phase : 
g 

y = £ ( p ) g 

Graphical representation of the data ( Appendix III table 1 )  can be seen on 

Figure 3.3 . 1  , the form of "Which sugeested that it would be most appropt"iate to 

attempt the fit of a linear regression function. The method of Least Squares 

Regression was used to calculate regression coefficients . 

The gro-wer consumption function is represented by Y1 belov. Y1, the 

consumption in the laying period was found to be not s ignificantly different 

bet-ween treatments (Appendix I, table 8 ) ;  similarly Wb' (Table 1 . 1 2.1 ) w.s not 

significantly different bet-ween trea tmnts . For this reason, regress ion 

equations were not estimated for these factors. The variability of the grade 



d istribution , Gi' with treatroont , could not be s tatistiC::llly evaluated becauf"e 

of the lack of - re plicate inf'ol"'"'!.ation. 
'· \-

HOi,Jever , available evidence .... from this 

e �' '")Oriment indicated that grade uc-.� not a funct ional var iabl e  of feed input . 

S tatir: tical anclys is of hen-day er ·e, pro(1 uction , N, fOl' the total period 
( A�oendb I ,  tn ble 1 6 )  '"" ho ed th:.-.. t there '.:ere no � ienific ·mt tr.::n<t-oc nt e ffects. 

I f  t i'Tl'"� uere !Jeine conn idered , ti en the f<·.ct t: t treat l"mt ( the lowes t plane 

of nu� rition in the erO\.ring phase ) \Jas B ignificu.ntly lm·er in hen-day ee,p number 

be f'orc t:1e :?8th week of .�pe , 1i; ht lx� l"'"!port�·nt . !ler, rc s s ion equations for hen-

�1ousecl �illd hen-day er,[ produc tion (Y6 '1.nd Y7 res pec tively )  \.;ere e s t imated but 

cl id not produce s i['1i1icunt coeffic icnU: . 

Rcr,res s ion esu2tions \.Jere e��u natcd .:"or r- evero.l r�'.ctors of interest though 

thm· e fr,ct:JIT Here not tJL',rt of. the �)r0fit f' ._1ct.i on. 3.nt ion c ffc ctG on body 

\ic icht j ur t  b0forL , u.t , U1d f-�ter '1 ,c , YT.iJ 1 ..-,r r c:x·.nl ""'t ,:.·i ty (Y . ,  Y3 and Y4 

re�· .�C'·tively ) •u-c of' inccrcr· t  ' JO c :  tx· e b01l:r ,,oig l rt. inC:: ic; tc�· t'1e ·1:-- intemnce 

ro�: ui�c··tcnt,.. fnr nutricntn , [ln<1 nl<l o ¥U't.ly dcternines the 1 wule d is tribut ion of 

1 'lpor L..lnt r 'lr � i iil£ r I'0ll� :::>11.5 . 

:·h"LID the Jependent v·1riublos f'Jr uhich linc'U' ree,rc ... s i·:n '1ror1 1ctl. on i't.mc tions 

uerc es ti"l, ted were : 

= rearinc :?Criod H D food cons u"'l.ption ( lbs . ) hatch to 20 wkB . (Y ) . 
g 

= body ueight at 1 8  weeks of age ( lbs. ) 

= 11 11 11 20 11 11 11 tl 

11 11  11 31 11 11  11 " 

= body weight gain during the laying period from 20 to 
47 weeks of age ( lbs. ) 

Y6 = Hen-housed egg production. 

11 11  ( ) . 

Y8 = % mortality in the laying period ( not graphed ). 

Y9 = weighted egg weight for the laying period (gms ).  
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The concepts of ben-housed and he!Miq egg production are described in 

Appendix I ( d ) ;  weighted egg weight is described on page 35. 

The regression coefficients wre regarded as s ignificant if the t-test fell 

at or below the 5% level. 2 
"Goodness" of fit is indicated by the value of r • 

These and other statistical terminology are explained in the footnote to Table 1 , 

Appendix II I. 

Equations for regressions Y1 , Y2 , Y4 and Y9 vere formed, as only these 

reached significance. Data is presented in the form us ed  for calculation in 

table 1 of Appendix III , and is shown graphically in Figures 3 . 3. 1  ( i )  to 

3 .3 . 1 (viii ). An explanation of the statistical pnrs.metert( calculated for the 

regress ion relationshi� are presented in more detail in Appendix I I I ,  table 2. 

Table 3 . 3 .1 below SUlll':larises this data with equations \.fhere appropriate. 

Table 3.3 . 1 .  

Equation b (' t Pro b. 2 
i:) b  r 

y1 
= 1 6.C9 + 0. 1 7  X 0. 1 70 O. O(Jj 1 8. 889 0. 001 0. 98 

y2 = 2. 58 + O. 01 X 0.01 1  0. 003 3 .f:i>7 0. 01 0.71 

y3 
= 0.1 30 0. 01 7 0.7'}1 N S  o. oo 

y4 = 3 .99 + 0. 01 X 0. 01 1 0. 005 2.330 0.05 0.43 

y5 
= o. � o.oc:n 1 . 250 u s  0. 1 7 

y6 
= O.C93 0. 1 66 0. 559 N S  0. 05 

I., = O. C95 0.059 1 .6Cf7 N S  0. 71 

Y8 = 0.200 0.1 70 1 . ct>o N S  0.18  

y9 
= 51 . 51 + 0. 04 X 0.040 0.01 7  2.434 0. 05 0.46 

From the table it can be seen that the level of pollard in the ration 

( ingredient variable X )  Pad a significant effect on the amount ot tood consmed; 

the weight ot the birds at a period just before sexual rnatm-ity ( 1 8 weeks ) and 

just attar sexual maturity (31 weeks ). The variation in age at sexual maturity 

with associated changes in body weight probably accounted for the 11non signif'i­

cant" relationship between ingredient make-up or the ration and body weight at 
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FigurM 3.3.1 (i) to 3.3.1 (viii) - Regression data from trial CN/50 
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twenty weks . The apparent curvilinear response at this age is also a function 

of the difference in rate of se:xual. rnatm-ity. 

It is interesting to note that the amount of pollard in the rearing ration 

had no effect on the weight gain during the laying period. It will be recalled 

(from Appendix I,  table 8 )  that there were no significant consumption differ-

ences found between treatments in the l�g phase. This is further evidence 

for a conclusion that no compensatory growth oc curred while birds were fed the 

layer ration. 

The effect of rearing ration formulation on subsequent egg s ize in the 

laying period ( equation 9 ,  table J .  J . 1 ) indicates a very small but s ignif leant 

increase with increasing P in the rearing ration. Tb.i3 in probably a function 

of the effect of the ration on body s ize:  the larger birds laying slightly 

larger eegs . 

As Gi' N, Wb and Y1 appeared to have no s ienificant contribution to the 

profit function when considered separately, it appears that profit relies only on 

feed cost in the rearing phase - which is a function of the consumption level and 

the coat per unit weight of feed. 

There are statistical problems concerned with the fact that vhile the 

components of the profit function may not have significant differences between 

treatments , they may have significant effects on profit when cons idered together. 

This thesis also considered a s imple analysis of variance test between 

treatments to assess the likelihood of a s ignificant functional relationship 

arising between the variables considered. This is probably s ufficient in most 

cases , but to be strictly correct one should follow the regress ion anal.yais of 

variance as set out by Heady and Dillon ( 1 961 ) page 1 57, before rejecting a 

regression as not s ignificant. 

Manieul.e.tion or the Economic ii>de1. 
The implications of the above are to maximise profit per ben per year by 

minimising tm cost of the ration consuned per bird in the growing �e : 



Minimise P Y g g 

Price per lb. of grower ration ( see Appendix III (a ) for 

derivation ) is given by : 

P = .3. 241 + 0.001 95 P ( cents ) g 
The rearing consumption function is equation one of 

table .3 • .3 . 1 : 

y = 1 6. a) + o. 1 7  p g 

Thus Pg Yg = ( 0. 001 95 P + .3 . 21,1 ) ( 1 6. (1) + 0. 1 7 P)  

= 52. 1 48 + 0.582 P + 0. 000.3 P2 cents feed cost. 

for 1 1 % � P � 51 � ( corres ponding to the range 
for trial C W'50 ). 

This equation has the general form : 

P g Yg 
= a + bP + ci2 

where b11 c ) 0. 

Thus the minimu:n feasible value of P minimises feed cost and ma.x.L'Tlises 
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profit. Ho�r the coefficients of the quadratic function while both positive 

for this price s ituation , could we ll  be negative or have dif'ferent s igns in some 

other price situation. If this were the case the profit maximising level of P 

may be at some other value within the experimental range • 

.3 .4 Results am discussion for layer trial LT/19. 

With the more direct temporal relationship betlo�een food intake and product­

ive characteristics in the 1� trial, it was hoped that more significant re­

lationships would emerge. However analysis of variance indicated that there 

were no treatment differences in the components or the profit function. Even 

so, esti.mates of the linear regression of N am Y1 on M (the % meatiEal. in the 

ration) vere made, together with other factors or interest which are listed 

belov. No significant relationship:J were discovered by linear regression 

calculations . 
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� = Hen-da3 egg production. ( N) 

y2 
= Hen-housed egg production. 

y3 
= Mortality in the lay.hlg period. 

y4 = Food consumption per hen-day. (Yl ) 

y5 = Average egg weight at 56 weeks age. 

y6 = Body weight gain in the laying period. 

The data used to calculate the regress ion coefficients (uppendix 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 s ignifi-

cant treatment effects . It was not felt j us tifiable to attempt to fit any 

other than line ar functions to the data. A summary of regress ion information 

is presented in table. 3.4 . 1 below : 

Table 3. 4. 1 .  

S ummary of Regression Information (LT/1 9 ) . 

Dependent 2 
Variable b s

b 
t Pro b. r 

y1 0.334 0.31 1 . 1 0 N S  . 02 

y2 o.oo 0. 50 0. 1 1 6 N S  . 02 

y3 
o.m 0.374 0. 21 1 N S  . 04  

y4 0. 001 0. 0005 1 .996 N S  . 24  

y5 0 . 034 0. 052 0.644 N S  . 02 

y6 0. 003 o. oo6 0.45 N S  .02 

A more detailed presentation of regress ion data is seen in Appendix Ill,  

table 4. 

It was disappointing to note the lack or relationship betwen ration 

ingredient levels aJXl the productive characteristics measured. An investigation 

into pos sible reasons for the apparent lack of response was initiated by re-pre­

senting the data in the "nutrient" form used by Fisher { 1965 ). Table 3 .4.2 

below shows the intake �r mn-<lq of protein and energy, and the output or egg 

mass per ben-day; for each ot the 14 different rations . While energy intake 
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and egg output wre remarkably constant over the range covered by the rations , 

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

Table 3 .4. 2. 

Productivity ( egg mass per day) related to nutrient 
intake ( protein and energy per day )  for LT/1 9. 

Ration Egg output Enerf intake Protein intake 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1  

1 2  

1 3 

1 4  

(gm )  pe r  H D 

35. 5 

.34. 0 

35.3 

36. 6 

35 .7 

35. 2 

36. 6 

35. 1 

36 . 3 

3 .3.9 

35. 0 

34. 8 

)6 .6 

)6.6 

( kcs per H D (gm )  per H D 

3ci> 1 5. 1 

302 1 5. 8 

�6 1 5. 6 

�6 1 6 . 1 

291 1 6. 2 

301 1 7. 2 

3ci> 1 8. 1 

296 1 8. 0 

3ci> 1 9 . 0 

297 1 9 . 0 

3o6 20. 1 

31 5 21 . 1 

31 4  21 . 5 

3Cfl ?1 .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 res ponse data from workers whose aim was to deter-

mine the phys iological optimum protein intake per day. This data has al.readT 

been discussed in section 2. 2. Any comparisons of data must be made 'With the 

realisation that experiment aims an1 environmental conditions were :!m 

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 or the laying phase is larger; and protein requirement for growth 
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is higher in this period. Howver it is obvious from the graph that the lover 

levels of intake in layer trial LT/1 9 were not low enough to depr-ess output. 

Dr>ta from the other workers were collected for varying time periods during the 

laying phase. .Bray am Gesell 1 s ( 1 961 ) data was collected from an experiment 

with high temperature (76� ( 2J . . 4°C ) )  nutrition . Data extracted from Cleaves 

� � ( 1 965 ) was graphed and daily calorie intake ' . .Jas found to be s imilar to that 

of the hens in LT/1 9 (s e e  table 3 .4. 2 ) , at 300 kcs per H D . Prote in level in 

the ratiolll3 varied between 1 3% and 1 9%. 

3. 5 A simple profit £unction for econo�ic anB�ysis o� layer gnd 

rrower rations in eee production. 

Though the functional as pect of the profit e1uation is evident from dis cus s-

ion 1n previous s ections 1 it was thoucht that within a c,iven price environment, 

the profit equation might be a useful tool to evaluate relative profitability 

betv.uen d ifferent rations . In this fo!'11 1 all production function as pects are 

ignored and values for the functional co�ponents of the profit equations are 

s imply substituted \ollthin each ration treatment. Table 3. 5 . 1 below presents the 

component information for trial C �50. Income-lens-food-cos t is included 

because this fXU'WOOter is canmonl.y given in Random S antple Tests . Eeg prices for 

the different grades and time periods are us ed from Appendix III,  table 5 . Cull 

hen income (Pb Wb ) \ruB based on a price rece ived in this ey periment of 1 5  c per 

lb. live weight. 

Comparison of the nine rations used in trial Ctv'50 used body veight data from 

table 1 . 1 2.1  ( page 30 ) ;  rearing ration cost ( P ) from table 1 .9 . 1  ( page 25 ) ;  g 
grower phase food consumption ( Yg ) from table 1 . 1 2.) ( page 33 ) ;  and l839l' phase 

food consumption ( Y1 ) fro table 1 . 1 2.3 ( page 33 ) .  Cost of the layer rations 

� $67 per ton. 
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Table 3. 5 . 1  

Profit Function Calculations ($ per hen ) for CW50. 

Ration Treatments . 
A B c D E F G H I 

Income f'rom eggs 4. 49 3. 26 3 .94 4. 51 4.49 4. 66 4. 00 4. 1 .3  4.27 

Food cost 2D-.32 wks . 0.70 0.7.3 0.70 0.70 0.73 0.72 0 . 7.3 0 . 72 0.7.3 

Food cost H-20 wks . 0. 54 0. 59 0.61 o.65 0 .68 0. 70 0 . 71 0. 75 0.79 

( Income less food .3. 25 1 .94 2. 6.3 3 . 1 6  3 . 08 .3. 24 2.65 2. f:h 2 . 75 
cos t )  

Cull hen income o. 65 0. 68 0. 74 0. 65 0.81 0.70 0. 74 0. 71 0. 79 

:lelo.tive pro.fit 3 .9 0  2. 62 3. 37 3 . 01 3 .89 3 . 94 J . 39 3.45 .3 . 54 
index 

For trial CW50, information on layer phase food consumption ws only avail-

able for 1 2 of the .32 week test period. However as consul1lption levels between 

treatments wre not significant ,  the uae of the existing information in the cal­

culation of a Relative Profit Index was thought justifiable. 

Treatment differences have t"WO aspects Hhich contribute to their relative 

economic importance. Firstly there are " real': d i  �'ferences which are statis t-

ically detectable. S econdly there is the magnitude of the differences . For 

example in the egg income row of table 3 . 5. 1 it 'Will be seen that the rnaenitude 

of the dif'ference in money terms is very lorge, ho'Wever the numerical differences 

in eeg 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 s tatistically significant , but in money 

terms the magnitude of the differences is not so economically signi.ficant. 

Hence there is danger in placing too nruch faith in the relative profit figures 

of tables 3 . 5 .1 and .3 . 5 . 2. 

Those birds reared on rations A, E, D and F lolere the most profitable , and 

these birds also had the highest egg revenue returns. Little can be conclmed 

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 Al) is 
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not detrimental when all aspects of profitability are considered. 

A profit function for layer trial LT/19 was calculated on the basis of 

incomplete information on the dis tributions of eggs laid ll1 different grades . 

Only a single s ample was graded after 34 week:: of lay, and on this bas is ,  all of 

the 1 4  ration treatments wre placed within the S tandard grn.de for eegs . The 

as � u�ption was ��de that the change of err, � izc Yith age '' s the s a�e for all 

treatmenb. This assumption se ems reas onable because all �.lcuR ured as pects of 

ere )reduction were not significantly different between treatments . Thus an 

indication of relative egg revenue 'W:'1S gai·1ed us ing the '1rice for S tandard eggs 

( r1 = 4 2  cents/doz en ) <md the period H D et;c nu-nber ( LJ ) . (ovenue from cull hens 

was calculated using 1 5  cents/lb. live weight ( P b ) and Hei:-,ht data ( Wb ) from 
table 2.9 .1 , page 62. 

Food c ost in the rearing stage wus as s umed to be the s a:ne for all treatments 

and thus c�uld n ot affect· a relative profitability index. I�ood consumption data 

wus o.vailable for the duration of the laying period and infor;Jation was taken 

from Table 2.6. 1 , page 59 ( P1 ) ;  a."ld t1:.ble 2.9 . 2, page 63 Y1 ) . 

weed to form the profit index is presented in tabl e 3 . 5. 2 below. 

The data 

The Profit Index is computed on a per hen bas is in this s ituation where all 

birds are of the s a� genetic strain, and are hoUsed in the s ame environment. 



Table 3. 5. 2 

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

Egg Income 
Ration Egg Income Food Cost less food Cull Hen 

c os t  Income 

1 5 . 55 2. 01 3 .46 0.64 

2 5 .41 2. CX) 3 .35 0.62 

3 5.47 2.03 3.44 0. 62 

4 5 .71 2. 04 3.67 0. 65 

5 5 . 59 2. 00 3 . 59 0. 61 

6 5.46 2.(J7 3 .39 0. 62 

7 5. &1 2. 1 2  3 . 57 0. 63 

8 5. 45 2. o6 3. 39 o. 62 

9 5. 59 2. 1 2 3 .47 0.61 

1 0  5.69 2 . ()) 3.63 0. 59 

1 1  5 .62 2 .14 3. 48 o.62 

12 5 . 39 2.21 3. 18 0. 63 

1 3 5 . 70 2.1 2  3 . 58 0.61 

14 5.63 2 . 1 5 3 .48 0. 61 

3 . 6 Improyed feed convers ion effic iency as an aid to fe ed 

cost reduction .. 

98 

Relative 
Profit 
Index 

4. 1 0 

3 . 97 

4. ex) 

4. 32 

4. 20 

4.01 

4.20 

4. 01 

4. 00 

4. 22 

4. 10 

3.81 

4. 19 

4. Cf) 

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

some attention recent�. If food conversion efficiency could be improved b.f 

genetic means 1 this would also reduce feed costs. 

The s ex-linked dwarfing gene received attention from broiler breeders 

(Jaap 1 969 ,  1 969a )  because the smaller hen wafl still able to produce commercially 

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

because of the almost 5<lt reduction in adult body weight. 

There may be a possibllity or applying selection pressure to existing stock 
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without the use of the swarfing ge ne. 
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lbrdskog, French and Balloun ( 1 969 ) 

suggest an indirect method of :nea.suring food convers ion efficiency through body 

weight and egg weight measurements . 'vJallace ( 1 970 ) forsees the us e  of 11  midget" 

l�rs with an improved food convers ion efficiency as measured per pound of eggs 

produced. This hen would have a final body weight of only 3 lb. compared with 

the present 4 . 5 lb. average . S �aller birds have lover maintenance food require­

ments , but are more susceptaole to cold s tress (and les s · l'ected by heat s tress ) 

than today ' s hen. 

Conglus ions and possibilities for further re<Jegrch. 

The economic �odel outlined for analys is of rations for laying s tock ap1� 

to be s atisfactory. The lack of res ponse of eeg output to the input factors 

used, may be a function of the type of output product that eggs constitute. A 

greater range of nutrient levels may have given a more v3riable output . 

0 eparate analysis of the phys ical co,pononts of the �ofit fQ�ction may have 

given rise to some problems . Lack of s ir,nificant differe'1Ces betueen treatments 

for each component may not necessarily imply lack of significant differences in 

profit betwe en treatments . However the des ire to treat prices ( for eggs , cull 

hens ,  and feed ) as exogenous variables forces a. component approach 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 

we.ight11 basis , as this makes eggs more competitive with other protein foods , but 

has as s oc iated JXlCksging problems. If this system is adopted , then the egg 

revenue function 'Will be simpler , and the production function approach will be 

enhanced. 

The concept or a profit function for a given price situation as used in 

section 3.5,  appears to be usef'ul in the comparison of profitability between 

liBRARY 
MASSEY UNIVERSITY 
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different rations. 

This thesis has emphas ised the need to care.f'ully consider nutrient ,imd feed 

ingredient as pects in the planning of experi:rrents des igned to investigate profit­

able layer and grover rations . 

The us e  of least cos t progra.'Tl"1i.ng in conj unction with )reduction functions 

s hould ass ist in economic ration analys is , but there are several well recognised 

1tnprove:10nts des ired in the use of this econo1ic tool : 

( 1  ) The incorporation of be tter nutrient infor1!.'1tion on f'eedstuff 

compos ition - pnrticulm-ly with amino acid avail"bilities and 

interactions . 

( 2 )  The incorporation of s ome meas m-e o f  paJ.atability or a opetite 

in the :m trix. 

The output variable measured , bears closer examination becaus e of price 

i:npution ?rOble ms . '.t'his applies to pir live ' leight eain ouhuts where lean 

:aeot 'lay be a more useful measure ; or perhaps n ] ea.n rueat �roduction per unit of 

hous ing s pace :.e r  year" • 

. From a poultry husbandry and nutritionu poL1t of vim;, it was clear that 

food cos t  reduction could be achieved by the us e  of a lm:cr plane of nutrition 

at both the grower and layer phas es . The achievement of thi� s aving with the 

us e  of res trictive rations in the rearing phas e had additional benefits of a 

slightly del�ed peak of egg production and a more pers is tent level of production. 

The permanent reduction in mature body weight meant that maintenance food 

requirements in the ley-er phase were reduced and there was less need for a high 

protein ( expens ive ) layer ration. 

This means that cheaper ingredients can be used in both layer and grower 

rations , which reduces the overall cost of these rations , and has the additional 

benefit of a be tter food conversion effic iency. 

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

necessary for profitable operation of a restrictive feeding plan. There are 
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claims that a low plane of nutrition will be benefic ial for disease resistance, 

and reduce mortality in the laying phase. 

There is also conflicting evidence as to \men the rustrictive regime 

should be applied to the growing birds : s ome workers claLnine that an initial 

adj ustment period for the first few weeks of life on a high plane of nutrition 

is be nefic ial; while others claim tiu�t this entails a strc�n-laden switch to a 

low pr ote in ration at a crucial gro ,.ing s Lagc , an� thus rcco11ncnd a uniform 

low plane diet fed from day-old . 

It seems illogical to sugges t that c. lm1 protein diet i::- less s tres s ful  

than a high 9rote in diet for all !1!1l:l3{'eroont. c ircu:nste..nccs . _'mlS i.."l evalue.tion 

of the alternatives for a res tricted feed ine proeralliOO , the st.:1ndard of !!r3.n�e­

ment a.nd farm hygiene should be carefully ru:; ::: osse<l in rel . ..!ti on to the .rnrticular 

programme that is to be used . 



Appendp I. 

(a ) Mating RIP Incubat;ion Detaila. 

(1 ) 

The parent stock were mated by artificial insemination. Semen from 31 ma.lee 

was pooled and diluted 1 : 1 with a diluent ( 2% sodium phosphate buffer solution 

containing a 4:1  mixture of anhydrous disodium h3drogen phosphate and sodium 

dihydrogen phosphate (Lake, Schindler and Wilcox 1 959 ) ) , and used to inseminate 

252 dams at a dose rate of o. 5 ml/hen. Insemination& -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 dally ) ,  in a coolroom ( 550, or 13°C ) . 

1 250 eggs were set, 1 2 days after the first insemination, in a "Multiplo Chick­

mastern set ter-hateher ( 1 01200 egg capa.ci ty ).  

A fertility test conducted after 1 4  days reduced egg numbers to  80.3% fertile, 

and final hatchability was 68.5% of egga set ar 85.2% of fertile eggs . 

( b) Illumination 1ntensit:r units. 
1 lux = 1 lumerV' square metre 

= o. 1 lumens/ square foot 

= o. 1 root. candle . 

( c )  Commercial Egg Gradv. 

Undergrade : less than .36 gm (1f oza. ) 

Pullet : between 36 and 44 gm (1f to 1 9/16 ozs. ) 

Medium a betwen 44 and 53 gm { 1  9/16 to 1 7/8 oza. ) 

Standard : between 53 and 62 gm (1  7/8 to 2 .3/16 oza. ) 

Large c more than 62 gm ( 2  3/16 oza . ) 

The gradee co�pond to tbe wight-per-dozen classification 1n 

current uee, ot .1 1 5'a , 1 8'• • 22ta,  24'• and 26•• respectively. 



(d ) M!thodl' of" watntat1op o.f' egg production data• 
H D egg production = Total Egg Number x Tqtal Day! in Period 

Total Days Alive 

% H D egg production = Tptal Eeg Nwnber z .1QQ 
Total Da18 Alive 1 

H H egg production = Total Egg flwnb!r 
Total nunber of heria housed, 

Table 1 .  

Vitamin-Mineral Supplements * ( Ingrediente/lb ) 

Grower Layer 

Vitamin A ( I .U . )  3000 5000 

Vitamin D3 " 625 625 

Vitamin E t1 1 . 25 

Riboi!a�·1n. {mg. ) 1 .  5 2 

Vitamin B1 2  
f1 0. 00025 

Calcium Pantothenate ll 4 4 

Nicotinic Acid 11 7. 5 1 0 

Folic Acid u 0. 25 

Choline C hlorid " 80 

Menadione Sodium Biaul.phite n 1 .0 1 , 0 

Selenium n 0. 068 0. 068 

Zinc Orlde n 1 5.2 1 5.2  

Ferroue Fumarate n 1 0. 0 1 0.0 

Potassium Iodate n 0.65 0.65 

Copper Carbonate n 2,25 2.25 

Cobalt Carbcmate n 0.3 0.3 

HangaDBae Sulphate " 85.2 1 1 0.6 
• The coet of the growr wpplement adds $1 .60 to the }ll"ice 

per ton ot the IIBIIh. The la.}'8r supplement adds $ 2.00 pu ton. 

( 2) 



Berleymeal. 

Pollard 

Meatmeal 

Ineernemea..1 

Table 2. 

Nutrient values used 1n compounding the rations. 
(air dry baa iB ) 

Protein En� Calcium Phosphorus 
% 
I 

1 1 . 0  

1 5. 0 

51 . 5 . 

1 7. 0  

kea lb 

1 200 

1 200 

1 250 

6oo 

% % 

O.('fl 0.4 

o.a3 o.s 

9 4. 5  

1 .9 0.3 

Bt..-t tarmllk Powder 34. 0 1 300 1 .6 1 . 0 

Limestone 

Bonemeal 

0 0 38. 0 0 

1 0. 0 800 29.0 1 3 . 0  

* Protein values are based on trevious ingredients analyses 

at the P.R.C . Values for energy, calcium and available 

phos phorus were derived us ing published tables (Scott, 

Nesheirn and Young ( 1 969 ) ,  McClymont and McDonald ( 1 958 )  ) .  

(3 )  



Table .3. (4 ) 

trqer raUoo iD&r9dients am chemical analys.ta. 
(air d1'7 basis ) 

(% of ration) 

Barleymeal 48 

Pollard 10 
�a�eal 1 0 
Haizemeal 20 
Buttermilk Power 1 • 5 
Lueernameal 4 
Limestone 4 

Bonemeal 2 
Iodised Salt 0.25 
Vitamin-mineral Supplement * 0. 25 
Kj eldhal Crude Protein 1 6.8 

CalcUlated ProteiD 1 5. 5 
Energy ( kes !-1E/lb) 1 1 81 

Energy ( kcs MF/kg ) 2601 
Cal. ( per  lb)Protein Ratio 76 
Protein-Megac�lorie Ratio 1 3 .1 

Calcium 3 . 1  

Phosphorus 1 • Cfl 

Ash 8. 7 

Water 1 1 .4 

Lysine 

Histidine 

(Ammonia) 

Arginine 

Aspartic Acid 

Threonine 
Serine 

Glutamic Acid 

Proline 

Glyoirie 

Alanine 
CJ11te1ne ***• 
Vallne 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 

TO'l'Al. PRO'l'IINa 

o. 70 !Ht 

o. 25 
( 0.26 )  
0.86 
1 .20 
o.6o 
0.70 

3.33 
1 .64 
1 . 1 5  

0.90 

o.-24 
0.75 
0.- :?3 
0.: 54 
1 .40 
o.� 
0.67 

1 5 ... 64 

Theoretical Requirements *** 

0.55 
0.28 

o.s 

0.45 

-

0. 24 
0.65 
0.28 
o.6o 
1 .4 
0.3 
0.1.5 

1 5.0 

• • • continued • • •  page( S )  



Table 3 (continued ) 

The vitamin-mineral layer s upplement formula can be 

seen in Appendix I table 1 • 

** A Beekman amino acid analyser ( l>fodel 1 200 )  was used to 

obtain the amino acid levels . 

*** Compiled from .Agricultural Researeh Council ( U.K . ) ( 1 963 ) ,  

and National Research Council (U .S .A . ) ( 1 966 )  publications; 

and S cott, Nesheim am Young ( 1 969 ). 

* * ** The sulphur amino acids cysteine ani cystine are estimated 

together in this analysis. T he  cystine rnolecule ia split 

into 2 cysteine molecules dlll"ing acid hydrolysis of the 

sample. The amino acid tryptophan is destroyed h1 this 
acid hydrolysis ,  and can only be estimated by a se�ate 

alkaline hydrolysis. 

( 5 )  



Table 4• 

Analysis or Variance or Body Weight Data. 

Co1umn Cgge. 

{1 ) 

{ 2 )  

( 3 ) 

(4) 

( 5 ) 

Hatch to 2 weks weight gain (grams ) .  

2 to 4 IJ 

4 to 1 2  11 

1 2 to 16  " 

16 to 20 11 

11 11 

11 " 

11 n 

" " 

( 6) Body veight at 20 weka (grams ) 

n 

" 

11 

n 

M S = Mean Square dr. = degrees or freedom 

S ouree 

(Code ) 

Total 

Treatments 
( T )  

Bloclal ( B )  

! x B 

Error 

* Significant at 5% level of probability 

* * 

*** 

11 

" 

1 % 

0.1 % 

N S = Not S ignif'icant 

,gg. 

1 2 3 4 5 

361 358 716 274 

8 8 8 8 8 

2 2 3 3 

1 6  16 24 24 24 

335 332 . 247 241 239 

11 

:t 

ll 

6 1 2 3 

274 
*** ••• * ** 

8 4529 40899 1 931 27 

1 24  1 002 1 0489 

24 1 00 555 3964 

239 191 914 63!R 

(6 )  

4 5 6 

** ** ** 

2481 7 1 .361 5 1 99788 

7454 2402 1 9592 

2433 2725 1 5621 

1998 3275 16.443 



(7) 

Table 5. 

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

M.S .D . = Minimum S ignifieant Difference 
5% levels underlined . 

( 1  ) Rank� Means. B-All A- D- C- E- F- G- H-

B 31 .:33 

A 31 .64 0.31 

D 39.67 � 8.0.3 

c 41 .44 1 0. 1 1  5l&Q 1 .71 

E 46. 02 1 4.69 14.38 6.35 4. 58 

F 48. 64 1 7 • .31 1 7.00 � � 2.62 

G 53.1 0 21 . 71  21 .46 1 3.43 1 1 .66 7. 00 4.46 

H 59 . 00  7/. 67 27 • .36 1 9.33 1 7. 56 � 1o.J9 5.90 

I 60. 74 29.41 29.1 0 21 . 07 19 • .30 14 .72 1 2.1 0  7. 64 1 .74 

M.S .D . ( 5% ) = 7.92; ( 1% )  = 9.80 gm. gain. 

(2 )  A ...All B- D- c- E- F- G- H-

A 62.44 

B 80.89 1 8.45 

D 1 02  • .3.3 39.89 � 

c 1 00  • .35 43.91 25.46 4.02 

B 1 26.34 6.3.90 45.45 �.Q! 12.22 

., 1 ,36.62 74.1 8 55.'73 34.29 30. 27 1 0, 28  

G 14). 05 80.61 62. 1 6  40.72 36.70 16.71 6.43 -

H 1 51 .88 89.44 70.99 49.55 45. 53 25. 54 1 5.26 8.83 -

I 1 53 . 27  90.83 72.38 50.94 lt6.92 26.93 1 6,65 1 o. 22 1 ,39 

.S .D.  (5%) = 1 8. 76J (1% )  = 23 . 20  gm. gain. 

• • • continued . . .. page (8)  
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Table 5 ( continued ). 

(J ) A ...All B- c- D- G- E- F- I-

A 532. 1 7 

B 656. 50 1 24.33 -

c 71 6. 1 6  1 83.99 59.6g 
D 7�. 26  1 97. {1} 72.76 1 3. 1 0  

G 744.3'1 21 2. 14 87.81 28. 1 5 1 5 .05 -

E 762. 59 230.42 1 <1>. (1} 46.43 33.33 1 8, 28  -

F '765.41 233.24 1 08.91 49. 25 36.1 S 21 I 1 0 2.82 

I 771 .66 239.49 1 1 5, 16 25.50 42.40 27. 35 9. 07  6. 25 

H 785. 01 252.84 1 28. 51 68.85 22tZ2 40. 70 22.42 19, 60 1 3.35 

M,S .D , ( 5% ) = 54. 1 2J ( 1% ) = 65,37 gm, gain. 

(4 )  H-All I- G- ,_ E- B- c-

H 239 . 77  

I 249. 02 9 . 25 

G 263. 81 24.04 14. '19 
F 275.75 35.98 a>. TJ 1 1 ,94 

E 283 . 50 43.73 34.48 19,69 7.75 

D 300.54 60. 77 51 .52 36.73 24.79 1 7. 04 -

B 303 .1 7 63.40 54. 1 5 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 326.93 87, 16 77.91 6Jt1 2  2111 8  �.l.l a>.39 23. 76  22. 77 

M.S .D. ( 5% )  = 42.76; ( 1% } = 51 .65 gm. gain. 

• •  , continued • • •  page (9 ) 
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Table 5 (continued ) .  

( 5 ) D...All I- H- c- B- E- 1"- G-

D 1 87.79 

I 1 94. 26 6.47 

H 1 99.43 1 1 .64 5. 1 7 -

c 200. 1 6 1 2.37 5.90 0.73 

B 209. 55 21 . 76 1 5. 29 1 0,1 2  9.39 

E 21 9.8.4 3 2. 05 25. 58 20.41 1 9.68 1 0. 29 

F 223. 50 35. 71 29. 24 24. rr! 23.34 1 3 .95 3.66 

G 223.63 35.84 'ZJ.37 24. 20 23.47 14.08 3 . 79  0. 13 

A 258.48 70.69 64. 22 59 . 05 58. 32 48. 93 38.64 34. 98 .34.85 

t(.S .D . ( 5% ) = 45.42; ( 1 % ) = 54.86 gm. gain. 

( 6 )  A-All B- D- C- I- G- E- H-

A 1 21 2.45 

B 1 331 . 21 1 1 8 .:z2 

D 1 392.93 1 80 .48 61 . 72  

c 1 413, 29 200.84 82. 08  20.36 

I 1465.97 253 . 52 134.76 73 . 04  52.68 

G 1476.34 263. 89 145.1 3 83.41 63 .05 1 0 • .37 

E 1 479. 00 266. 55 1 47.79 86. 07 65. 71  1 3.03 2.66 

H 1488. 20 275. 75 1 56.99 95. 'Z'/ 74.91 22. 2) 1 1 ,86 9.20 

F 1 502.34 289.89 1 71 . 1 3  1 (1}.41  89.05 36.37 26.00 :?3.34 14. 14 

M.S .D . ( 5% )  = 1 08. 75; (1 % ) = 1 )1 . 36 gm.. gain. 



(1 0)  

Table 6. 

Analysis of Variance of Shank Length Gains. 

Cglumn Co9i• 

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

{ 2)  4 to 8 " u n tl 

(3 ) 8 to 1 2  n f1 u lt 

(4 )  1 2 to 1 6  " n u tl 

Sourct• ...,S!. ll 

(Code ) 1 2 4 1 2 3 4 

Total 81 80 78 77 

• ** ** •• 
Treatmente 8 8 8 8 0.4554 0.3723 0. 2665 0.6846 

Error 73 72 70 69 0. 1 681 O. (J]r:i> o. ce31 0. 1 1 32 



( 1 1 ) 
Table 7. 

CO!npariaon of Treatment Means for Shank Length Gai.n8 ,  
us ing  code aa in table 6.  

( 1 ) Ranked Means• A...A.ll 13- c- D- E- G- I- F-

A 1 . 56 

B 1 . 56 0 -

c 1 .?9 . 23  . 23 

D 1 .?9 . 23  . 23  0 

E 1 .87 .31 .31 . os  . os  -

G 2. rn  .51 • 51 . 28  . 28 . 20  

I 2.1 6  .60 .60 .37 .'37 . 29 . CIJ  

F 2.27 .&21 .s11 .48 .48 .40 . 20 .1 1 -

H 2. 36 .so . so . 'Y/  . 57 .49 . 29  . 20 . CIJ 

M.S .D . ( 5% ) = 0.621 ; ( 1 % ) = 0. 731 cm. gain. 

(2 ) A-All D- C- F- G- I- E-

A 1 .37 

D 1 .92 ..Li2 
B 1 .94 . 'Y/  .02 

c 1 .95 . 58  .o3 . 01  -

., 1 .96 . �  . 04 . 02  . 01  -

G 2.04 .67 .1 2 . 1 0 . C!J  . oo  -

I 2. 05 .68 . 1 3 . 1 1 . 1 0 . oo . 01  
B 2.1 0  .73 . 18 . 1 6 . 1 5  . 14 . o6  . 05 -

B 2.1 1  .74 . 19 .1 7 . 1 6 .1 5  . 07  . 06  . 01  

M.S .D . ( 5%) = 0-40; (1 % ) = 0.47 cm. gain. 

• • •  contiuued • • • page( 1 2 )  
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Table 7 ( continued ). 

(.3 ) H-All G- I- A- E- F- B- D-

H 1 .30 -

G 1 • 5'.2 . 22 

I 1 . 57 . 2!7 . os -

A 1 .62 • .32 .1 0 .05 -

E 1 .66 • .36 . 14 . rl} . 04  

F 1 .68 . ,38  .1 6 . 1 1  . o6  . 02  

B 1 .74 ..Ml . 22  .1 7 . 1 2  . os  . <1»  

D 1 .84 . 54 • .32 . 27 . 22 . 1 8 . 16 . 1  0 

c 1 .87 . 57 .35 • .30 • 25 . 21 . 19 . 1 3  , 03 

M.S .D . ( 5% )  = 0.44; (1% ) = 0. 51 cm. gain. 

(4 )  H-All E- I- G- D- F- c- B-

H 0 • .31 

E 0 • .34 . 03 

I 0 • .37 . <:6  . 0.3 

G 0 .48 .1 7 .14 . 1 1  -

D 0.51 .20 . 1 7  . 14 . 03 

F 0.56 . 25 . 22 . 19  . os  .05 -

c 0. 58 . 'Z'l  . 24  . 21 . 1 0 .07 . 02 -

B 0.74 .43 .40 • .37 . as  . 23 . 1 8  . 1 6  -

A 1 .31 1t.2Q � .& .&l ..&..Q .a12 .JJ ...27 

M.S .D. (5%) = 0. 51 ; 
. ( 1% ) = o.6o cm. gain. 



Table 8. 

Anal.yaia ot Variance or Hen-.Day Food Conaumption Data. 

CQlumn CS!Sil• 

( 1 ) Hatch to 4 weeks CODIIllllption (lbe. ) 

(2 ) 4 to 8  n n 

(3 ) 8 to 1 6  u " 

(4)  1 6 to 20 " " 

( 5 )  Hatch " n 11 n 

( 6 ) 20 " 32 IJ IJ 

Sours;g. d f. 

(Code )  1 2 3 4 5 6 

Total 26 35 35 35 35 � 

Treatments 8 8 8 8 8 8 

Blocka 2 3 3 3 3 2 

Error 1 6  24 24 21. 24 1 6  

V "  " :::> 

1 2 

lHHt **i< ** 

0. 1 593 1 . 8286 4.9529 

0. 0032 0. 0358 0.5451 

0. 0028 0. 0392 0. 21 66  

(13 ) 

4 5 6 

** ** N S 
o. 701 7 22.6644 o.ss: 

0. 01 36  0.701 6 0. 1 �  

0.0803 0. 5361 0.83', 



( 14 ) 

Table 9. 

Comparison of Treatment Means for Hen-day- food 
Consumption, using code as in table 8, 

( 1 ) Ranked Means. A...A.ll B- c- D- E- F- G- H-

A 0.8.39 -

B 0.899 . ct>o -

c 1 . or:n '16f} ,1 08 -

D 1 , 01 5 , 1 76 ,1 1 6 .oos -

E 1 , 1 80 .341 ,281 .&17J. ..jM ... 
F 1 . 299 • 460 .400 . 292 .284 , 1 19 -

G 1 ,31 7 .478 .41 8 .31 0 .302 . 1 37 . 01 8  -

H 1 ,414 . 575 . 51 5  .407 .m ..2l& , 1 1 5 .007 -

I 1 .475 .636 .576 .468 .460 . 295 .&.1:& � . C61 

M.S .D . ( 5% ) = 0,1 57 lb; ( 1 % )  = 0,191 lb. 

( 2 ) A-All B- c- D- F- G- H-

A 1 ,672 

B 2.488 � -

c 2.671 .�9 ,183 

D 2.91 8 1 , 24£> .430 . 247 -

E 3. 1 53 1 .481 � � . Z'5 

., 3 .334 1 ,662 .846 .663 .41 6  ,1 81 

G 3.51 2  1 .840 1 . 024 .841 .,j2i .39} ,1 78 -

H 3.661 1 ,989 1 ,1 '1.3  .. 990 .743 � .327 .149 -

I 3.8.30 2.1 58 1 .3� 1 ,1 59  .91 2 .677 .d22 .31 8 .169 

M.S J) ,  (5%)  - 0.4'16J (1 %) = 0. 575 lb. -

• • • continued. • • Page (1 5 )  
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Table 9 (continued) 

(3 )  A-All B- c- D- G- F-

A 8.842 -

B 9.477 .635 

c 1 0. 077 1 ,235 .600 -

D 1 0,621 1 ,779 1 ,144 . 544 -

E 1 0,932 2, (90 1 ,455 .855 . 31 1  

G 1 1 , 088 2, :?46 1 ,61 1  1 , 01 1 .467 . 1 56 

F 1 1 , 1 78  2,336 1 ,701 1 , 1 01 .557 . 246  , a;}O -

H 1 1 , 872 3.030 2, 395 1 .?92  1 .251 .940 . 784 ,694 -

I 1 2.361 3 . 519 2,884 2, 284 1 ,740 J..J..?l 1 ,273 1 ,1 83 .489 

M.S .D . ( 5% ) = 1 , 1 19 ; (1 % ) = 1 ,352 lb. 

(4) C-All A- B- D- F- H- G-

c 5. 852 

A 6.148 . 236  
B 6.1 59 . 3\11 , 01 1  

D 6, a;o .400 ,1 1 2  • 1 01 -

F 6. 51 0 .658 ,)62 .351 . 250 -

E 6. 557 ..LlQ2 .4Cf) ,)9S . 'C17 .047 

H 6,614 .762 .466 .455 .354 ,1 04 . 057 -

G 6. 71 5  .863 . 567 .;56 .455 , 205 , 1 ;8 ,1 01 -

I 7.)00 1 ,448 1 ,152 1,141 1 .04Q  .£BJ2 � .686 .sss 

M.S .D. (5%) = 0,682, (1% ) = 0,823 lb. 

. . . eont1nU8d .. . .  page .< 1 6 )  
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Table 9 (continued ) 

( 5 )  A�l B- c- D- .,_ G-

A 1 7. 501 

B 1 9. 023 1 , 522 

c 1 9. 607 2,106 0. 584 

D 20. 814 .3. 31 .3  1,?91 1 ,2Cfl 

E 21 . 821 4..320 2,798 2.214 1 ,007 

F 22 • .3 21 4.820 .3. 298 2.714 1 . 507 0. 500 -

G 22. 6,32 5.1.31 3. 6� 3. 025 1 s818 0,81 1 0,.31 1 

H 23 . 560 6.059 4. 537 .3 ,95.3 2.74/l 1 ,739 1 , 2,39 0.928 

I 24.9li> 7.465 5.94.3 5.359 4.1 52 3.1J.!i 2,645 2,ll(. 1 ,4o6 

H.S .D. ( 5% )  = 1 ,  761 ; ( 1 %) = 2,1 27  lb. 



(1 7)  

Table 1 0. 

Mortalitg over the period batch to 52 wealat. 
(Causes and number per t.t-eatment) 

A B c D E F G H I Total 

Growing Period 
(Hatch to 20 vkJs. ) 

Ricketa 2 1 1 0 0 0 0 0 0 4 

Coli septicaemia 0 0 0 0 0 1 0 0 0 1 

Air saccul.itis 0 1 0 0 0 0 0 0 0 1 

Qnphalitia 0 1 0 0 0 0 0 0 0 1 

F L K * 0 1 1 0 0 0 0 0 1 3 

Marek '  a Disease 1 0 0 2 0 0 · 0 2 1 6 

Colon Impaction 0 1 0 0 0 0 0 0 0 1 

Culla (Runta ) 0 1 0 1 0 0 0 0 0 2 

N.D.D . ** 0 1 1 1 0 0 0 0 0 3 

Handl.izJg shock 1 1 0 1 0 0 0 1 0 4 

Total 4 8 3 5 0 1 0 3 2 26 

Laying Period 
( 20 to 52 vks. )  

Marek t a Disease 1 0 1 0 1 0 0 1 2 6 

Prolapsed uterus 0 1 1 0 3 0 0 2 0 7 

Egg Bound 0 0 0 0 0 0 0 1 0 1 

Peritonitis 0 0 1 0 0 0 0 0 0 1 

Coli nptie&ellia 0 0 0 0 0 0 0 0 1 1 

X.,.pboid LeucoeJ.a 1 0 0 0 0 0 0 0 0 1 

li.D.D .  •• 0 1 0 0 1 0 2 1 2 7 

Total 2 2 3 0 5 0 2 5 5 24 

Total 
(Batch to 52 ... ) 6 1 0 6 5 5 1 2 8 7 50 

• Patt.7 Lift!' Udney Syndromo •• No De�1n1te DiagnoeJa .  



Table 1 1 .  

A.nalysis of variance o£ mortality differen-. between 
treatments for several time perioda ($ ). 

Co1urnn Code. 

(1 ) Hatch to 4 'Weeks 

( 2 )  4 to 20 fl 

(.3 ) 20 to 52 n 

Source. gg. 

(Code )  1 2 

Total 26 .35 

Treatments 8 8 

1 8 27 

ll 

.3 1 2 

26 
N S  N S  

8 41 . 58 (J}.45 

1 B  '"'2 . 6? 62.21 

Table 1 2. 

Analysia or variance of age at f'irst egg ( d838 ) .  

Sourc;e iY:· ll F-teat. 

Total as2 

f.restmenta 8 61 1 .52 3.52 H 

� 254 1 73.94 

(18 )  

.3 

N S  

1 41 .7  

1 Cl7.4 



Table 1 3. 

Compe,riaon or treatment mean age at first «gg (days ). 

Rank;ed Mew. A-uJ. D- F- G-

A 1 74.9 

D 1 70. ,., 4.2 -

B 1 � .9 5. 0  o.s 

E 1 64.9 1 o. o  5.8 5.0  

F 1 64.6 1 0.3 6.1 5. 3 0. 3  

G 1 64. 5 1 0.4 6.2 5.�. 0.4 o.1 

c 1 6.4. 2 1.0..,1 6. 5  5.7 0.7 0.4 0.3 

H 162.6 1 2.3 s. o 7 • .3 2 • .3 2. 0 1 .9 

I 1 60. 2 1 4. 7 1 0. 5 9.7 4. 'l 4.4 4. .3  

M .S  .D . ( 5% ) = 1 0. 7; ( 1 % ) = 1 2.3 days . 

Table 14. 

Analysis or Val'iance of Body 'Weight at age at first egg. 

source. gg. 

Total 26 

Treatments 

Bloclat 

Error 

8 

2 

1 6 

0. 0'754 

0. 001 7 

0. 0130 

F-test. 

(1 9 ) 

C- H-

1 .6 -

4. 0  2.4 





AGE 

( weelca ) 

2o-22 

22-24 
24-26 
26-/..8 

28-30 

JD-.32 

.32-34 

.34-36 

.36-.38 

.38-40 

4o-J.2 

42-J.4 

44-46 
46-48 

48-50 

5o-52 

2()-52 

Table 1 6a. 

Average Treatment H D% egg production per 14-d.ay period. 

Treatments. 

A B c D E F G H I 

0 0 0.92 2.42 5.8.3 .3 .3.3 1 2. 08 2. 25 .3. 58  

8. 1 1  1 1 . 57 1 7.)6 18.36 25. 21 28.?9 32. 00  .32. 1 4  28. 79 

42. 1 2  52.43 51 . 79 49 . 50 'Yj.07 65.93 61 .86 70. 21 56.43 

75.64 53. 25 70.64 73. 21  70. 50 76.93 69.95 69. <:a  70. 00 

78 • .36 76.71 68.64 78. 29  70. 71 73 • .36 69. 07 70. 56 70. 71 

75.49 78.86 76. 04 70.1 4  70.71 70. 50 69. 07 67. 34  72. 51 

76. 00 78.86 75.93 71 . 71 74. 58 73.36 70.64 70.93 77. ';$ 
72.21 7.3.79 71 .93 75. �  75 • .38 68. 07 69. 86 68. 00 70.9.3 

71 . 69 75.46 74. 08  69. 77 70. 62 69. 77 64. 08  67. 76 70. 00  

67.87 73 . 07  72.25 67.40 69.49 74 .67 65.40 62.69 66.80 

70.64 66.43 72. 79 72.43 73. 57 71 .93 63. 21 66. 57 66.79 

72.43 67.71 67.97 65.79 66.93 63.36 61 .64 63.43 6 2.43 

62. 50 64.00 57.43 63. 00 60. 86 53. 79 55.74 57.43 56. 29 

70.64 68. 00 63.43 71 .43 66.93 63. 07  63. 21  61 .43 65.93 

67.86 62.43 61 .43 62. 21 61 .93 63 .79 62.64 60. 29 62.9.3 

63 .46 63. 79  60. 86 62. 21 63 . 1 7 65. 50 59.86 57. 1 4  61 . 29  

61 .92 61 .95 60.42 61 . 34  62. 21 62. 03 58.86 60. :?4 60.60 

* Averago for all entries in 5th N. Z .  Random Sample Test 

which includes the White Laghorn Control entry - which 

were the birds used in trial CN/ 50. 

(21 ) 

5th . 

ffiT 

4 . 57 

24. 1 4  

52.00 

73. 57 

82. 57 

84. 83 

84.94 

82.64 

82. 68  

83 . � 

81 . (6  

79. 50 

78.78 

76. 58 

73.44 

71 . 00  

73. 58 



( 22) 

Table 1 7 

Comparison of treatment Mea.DI!t tor H D Egg Production 
20 to 28 weeks (sane eode as for t.able 16 ) 

( 1 ) Ranked Means. �All B- C- D- E- F- I- H ... 

A 1 . 1 7 

B 1 .6.3 0.46 

c 2. 57 1 .40 0.94 

D 2.90 1 .7.3 1 . 27 0 • .33 

E 4. 2.3 .3. o6 b9.Q 1 •. 66 1 • .3.3 

F 4.4.3 .3. 20 2.80 1 .86 1 . 5.3 0.20 

I 4.47 .3.24 2.84 1 .90 1 . 57 o. :?4 0. 04 

H 4.71 .3 . 54  .3.14 2. 20 1 .87 0. 54 0 • .34 0 • .30 

G 5 .90 4.67 4. 27 hlJ la.QQ 1 .67 1 .47 1 .4.3 1 .1 .3 

M.S . D . ( 5%)  = 2. 59 ; ( 1 % ) = 3.�1 eggs. 

( 2) A ....All D- c- 1:- E- G- H-

A 1 o. 1 .3 

D 1 6.97 s.&. 

c 1 7. 20 7. 07 0. 23 

I 1 7. 70 7. 57 0.7.3 0. 50 

B 1 7.77 7. 64 0.80 0. 57 o.rn 

B 1 8. 13 s. oo 1 . 1 6  0.9.3 0.43 0 • .36 

G 1 8. 20 8. 07 1 .2.3 1 . 00 0. 50 0.43 o.r:n 

H 19.50 9.37 2. 53 2 • .30 1 .80 1 .7.3 1 • .37 1 • .30 -

' 20. 00 9. 87 3 . 0.3 2. 80 2 • .30 2. 23 1 .87 1 .80 0. 50 

..S .D .  ( 5% ) = 6 • .36; ( 1 % ) = 7 .. 4!> eggs • 



S2tn"safo. 

Total 

Table 1 8. 

H H Period Egg Production• Anal.yeis of Variance Table 
for the COlllplete 222 day laying period. 

.9.!:· F-test 
1 34 

Treatments 8 2, 276.8 

1 1 5,786. 1 Blocks 2 

Error 1 24  66o.1 

Table 19 .  

Comparison of H H Egg Production Treatroont �.eans .  

Ran1ced Mea.ns. C-All H- G- I- B- D-

c 1 1 9  .. 1 

H 1 19. 2 0. 1 

G 1 19.6 0. 5 0.4 

I 1 25.7  6.6  6. 5 6. 1 

B 1 27. 0  7.9 7.8 7.4 1 .3 

D 1 27. 1 8. 0 7.9 7. 5 1 .4 0.1 

A 1 29 . 7  1 0.6  1 0. 5 1 o. 1 4. 0 2.7 2.6 

E 1 30. 1 1 1 . 0 1 0. 9 1 0. 5  4-4 3. 1 3. 0 

F 1 37. 7 1 8.6 1 8. 5  1 8 . 1  1 2. 0  1 0. 7 1 0.6 
-

M.S .D. ( 5$}  = 14 .. 4; ( 1 % } = 1 7. 0 eggs. 

{ 'l ) 

A- E-

0.4 -

8.0  7 .6  



Tabl 20� 

Analysie of Varianee of Period Egg Weights. 

Colwnn C9de .. . 

( 1 )  23 weeks of age .. 

(2 ) 29 n 11 ft 

( 3 )  52 lt 11 n 

Sourm2. .il!· � 
(Code) 1 • • • 3 1 2 3 

Total 26 
N S  N S  N S  

Treatments 8 3. (1)4 5. 504 4.937 
Error 1 8 4. 2� 3. ;:;6 2. 584 

Table 21 .  

Analysis or Variance or Weighted Egg Weight for the 
222 day Production Period. 

Sours;e, 

Total 26 

Treatments 8 

Error 1 8  

F-teet 

1 .996 2. 33 N S 

0.857 

Table 22. 

Analysis or Variance of Egg 9uality Characteristics . 

Column Coge. 

( ) Haugh Unite 

( 2 )  Meat and Blood S pots  (aresin. root percentage transformed ) 

df. !1.§. 

(Code) 1 • 2 1 2 

Total 26 
N S  N S  

Treatment 8 4.22 140.88 

18 5! 23 � � 

(2.4)  
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Table � 
Amino acid analyllia of 6 or the grower ratiolll ueed. 
(% of ration ). The requirements for the essential 
amino acids are based on the eame aourcee quoted for 

Appendix I table .3. 

Theoretical Rations 
** 

Amino Acid Requirement A B c G H I 
lt * * lt * * 

Lysine 1 .0  0.70 0.70 0.62 o.ss 0.92 0.78 
* lt * 

Histidine 0.4 0.27 0.28 0. :22 0.36 0 • .34 o.29* 

{Ammonia ) 0 0.45 0.48 0 • .35 0.45 0. 52 0 • .35 
• * * 

Arginlne 1 . 0  o.so 0.90 0.92 1 .35 1 . 21 1 • .34 

Aspertic Acid 0 0.91 1 .05 1 . 14 1 . 27 1 . 38 1 . 54 
* 

Threonine o.6 0.45 0.64 0. 56 0.74 0.81 0.73 

S erine 0 0.68 0.81 0.75 0.85 o.86 0.85 

Glutamic Acid 0 2.44 .3.29 .3. 22 .3.1 7  3. 24 3. 50 

Proline 0 1 . 23 1 . 1 9 1 . 1 6 1 .40 1 .1 2  1 . 1 5  
* tt 

Glycine 1 .0 0.50 0.67 o.68 1 . 02 1 . � 1 . 19 

Alanine 0 0.49 0. 65 0.6.3 0.82 c .87 0.9.3 

Valine o.s 0.83 0.84 1 . 21  1 . 1 6 1 . 1 0  1 . 04  

(!) CY"Stine 0.6 o.6 o.e -
* * * * * * 

Methionine 0.4 0. 20 0. 21 0. 22 0.26 0. �5 0.28 
* 

Isoleucine o.6  0.45 0.52 0.63 o.6o 0.61 0.61 
* * 

Leucine 1 .4 1 .0.3 1 . Cf/ 1 .35  1 • .30 1 .3.3 1 . 25 
* * * • * * 

Tyrosine 1 • .3 0.45 0.47 0.54 0.64 0.67 0. 58 

PheJV'la]an1M 0.7 o.&:J 0.75 1 . 03 0.91 0.94 0.71 

Total Acide % 1 2. 14 14.00 · t  5.44 1 6. 75 1 7. 50 '1 7  • .30 

• 1-fore than o. 05!C loos than the th8oretical requirelllent • 

** Basad on a high total protein (18-2()!&) and a high 
energy- { 1400 Kcal MF/lb) ration. 



APPEII)IX U· 

Table 1 .  

% Composition of the Grower Ration used in I:r/19 

�izemeal 35 

Barleymeal 32 

Pollard 1 5 

Meatmeal * 7 

But termUk Power 3. 5 

Lucernemeal 3. 0  

Vitamin-mineral Supplement ** 0. 25 

Coccidiostat Premix *** 0. 25 

1 00.00% 

* The meatmeal was a mixture of two meals rated 

at 50% and 60% crude protein. A ratio of 

64:46 ws used in the ration. 

The formula of the Vitamin-Mineral Supplement 

can be seen in AppeOO.ix 1 ., table 1 • 

** * The coccidiostat made up o. oa>% or the ration. 

mixed in a pollard-base premiL 

(al) 



Table 2. 

Analya.fs of Varinnce of Weight G aina.* 

Source. 

Total 

Treatments (T)  

Blocks (B) 

Tiera (Ti) 

T z B 

T x Ti 

B X Ti 

T x B x Ti 

�· 

167 

1 .3  

3 

2 

Y1 
26 

6 

78 

1!.2. 

0.04456 N S 

0. 05137 I S  

0. 0250.3 

0.041 50 N S 

0. ())1 44  

0.051.39 

* Valid tests for significance are: (1 ) T/ ( T x B ) 

(2 ) T� ( B x Ti ) 

Table .3. 

(3 ) T X TJ/ (T X B X Ti ) 

Analysis of Variance of H D Food Consumption 
per bird per day (lb. ) 

Source. df. 

Total 1 67 

Treatments (T)  1 .3 O. 0004562 N S 

mocks ( B )  3 

Tiers (Ti ) 2 O.OOC/1974 N S  

T s B  YJ 0.000.3554 

T s Ti 26 0.0002082 N S  

B x Ti 6 0.001 16():) 

1' x B x t1 78 0.000.3619 

(2?) 
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Table 4. 

Deta.U. of f.brtality 111 tha Laying Period (21-58 u. ) 

Trecatment 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 1 3.9 

6 1 1 0 1 3 8. 3 

7 1 0 0 1 2 5.6 

8 2 0 0 0 2 5. 6 

9 1 1 0 0 2 5.6 

1 0 1 1 1 0 3 8.3 

1 1  1 0 0 1 2 5.6 

1 2  2 1 1 0 4 1 1 . 1 

1 .3  0 0 0 0 0 0 

1 4  1 1 0 0 2 5. 6 

Total No. 1 7 7 3 4 31 

% o£ all 
birds 3.37 1 .39 o.6o 0.79 6.1 5 6. 2 

* Non-Laying 

** No Definite Diagnoe!s 



Table 5.  

Analysis of Variance for Dlfferencee bet.ween 
Treatuent Mortality. 

S ource• 

Total 

Treatments 

Error 

,gr. 
55 

1.3 

42 

Table 6 • 

57.71 

87. 71 

F-test 

o.66 N s 

.Analyllis of Variance of H H Egg Production .. 

S ource. �. 11§. 
Total 1 67 

Treatncnts 1 .3 2337 • .37 r� s 

Blocks .3 

Tiers 2 4329. 54 N S  

T x B  .39 4585 • .39 
T x Ti 26 .3654.92 N S  

B x Ti 6 7301 .38 

T x B x Ti 78 1 2,426. 54 

Table 7. 

Analysis of Variance of H D Egg Production. 

Total 

Treatmente 

T x B 

�-
1 67 

1 .3  

.39 

25.4.3 N S 

6.3 .1 0 

(29 ) 
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PP'C: liDIX III. 

(a ) Derivation of the relationship between the level of pollard in rations 

used in trial CW50, and price f)er ton delivered in bulk to the P.R.C . 

The computation includes a factor for overheads and 11i.xing cost of 21 .9%. 

:?rice per lb. of ration is given by : 

J:rice/lb. = .J....112 ( Pp P + 
B B + 

1 00 
P._, . + p B '  D ' ) L 

"There p = % pollard . 
B �- % barley. 

M = % meatmeal .  

R ' = % baFal ( conPtent at 5� ) . 

pp = price of pollard . 

p = 11 1 1  barley. B 
p = " 1 1  meatmeal . f 
p_ , =  

t! " basal 0lix. 

For trial CN/50 we can express any two of the vari�ble'"' B ,  P ,  :1 as a 

function of the other one ( see section 3. ?.4 ) . Us ing .�rce�ta.ge pollard ( P ) 

as the explanatory variable and :::t!OOtitutine in the above 8'}t.Ultion we obtain 

Price/lb. =  1 ,?1Q ( PPP + PB(97. 2 - 1 . 2 P )  + P,1 (-?, 2 + O. ? P )  + PI3 1 5 ) 
1 00 

= 11��Q ( ( Pp - 1 , 2 PB + 0, 2 PH) P + 97. 2 PB - :-', 2 P11 + PB ' 5 )  

where the prices are given as follow : 

Price per ton ( $ ) 

49 . 50 

85 . 50 

45 . 50 

Price per lb. (c ) 

2.475 

4 . 'Z75 

2. 275 

P8 ,  1 38. 68 6. 934 

we obtain far the price/lb. of ration, the f'ollowing equation s 

Price/lb. = .3. 241 + 0. 001 95 P cents. 

or Price/ton = 64.80 + 0.390 P dollars. 
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Table 1 .  

Data used to calculate Regression Coefficients for trial Crf50. 

X = % Pollard 

y1 = Food consumption - hatch to 20 \-leeks ( lbs. ) 

y2 = 1 8 wek body weight ( lbs . ) 

y3 
= 20 week body weight ( lbs. ) 

y4 
= 3 1 week body v�ight ( lbs . ) 

y5 
= Body weight gain from 20 to 4 7 weeks 

y6 = H H egg production 

y7 
= H JJ egg production 

y8 
= Aortality over period �0 to 52 -weeks (% ) 

� = \Jeighted egg Yeight over period 20 to 5 ?  weeks (g� ) 

X y y? y3 y4 y y V Y8 � 1 5 6 .... 7 
1 1  1 7. 5 2. 5 2  2. 67 :..90 1 .64 1 � . 7 1 ?7. 5 6.90 52 .6 

1 6 1 ) . 0 ?. 76 2.91. 4. 28 1 . 57 1 26. 9 1 3 5. 5 6 . 90 51 . 4 

21 1 9 . 6 2.9·1 3. 1 2 4 .40 1 .tiO 1 1 9 . 1 1 J4 . 1 1 0. 34 51 . 8  

� ?0. 8 ; . b'g 3 . Cfl 4 . 03 1 . 'X) 1 ....., . 1 1 36 . 2 0 53 . 3  

3 1  21 . 8 3 . 02 3 . 26 4. 46 2. 1 3 1 30. 1 1 ;8 . 3 1 6 . 67 53 . 2 

36 22. 3 3 . 02 3. 31 4. 41 1 . 38 1 37. 7 1 37. 7 0 5 ?. 4 

41 2;'. 6 3. 00 3 . 26 4. 58 1 . 71 1 1 9 .6 1 3 0. 7 6. 67 5?. 8 

46 23 .6 3 . 05 3. 28 4 . 50 1 .97 1 1 9 . 3 1 33 . 7 1 6.67 53 .9 

51 24 .9 3 . 02 3. 23 4.3 5 2. 01 1 25. 7 1 34 . 5 1 6 . 67 53 - 5 

For each regression (calculated us ing  least Squares Regression technique 

(Snedecor ti .!1 1967 ) ) coefficient calculated , an estimation or the standard 

e rror  as sociated 'Wi th  the coefficient ws made. 

The sum of squares of deviations (Sdy. x2) ws used to derive the mean 

square deviation tram regression (Sy. x?) and the resulting sample standard 



Table 
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de:vhlion of the regress ion coefficient (Sb )  as in table 3. ?. 1 , from which a 

t-test of s ignificance the regress ion coeffic ient ( b )  �as derived using (n-2) 

degrees of freedom. This indicated the level of probability that the 

independent and dependent vGriables were related by chance. A 5� level was 

accepted as s irnificant. 
? 

7he vulue of r ( squared correlation coefficient ) in 1 ic ted the amount of 

vrriution explain J fo:Jtthe relation" hip behrecn .: and 1 bv 'b , or the ' goodness'' 

of fit. 
The esti 1�tted s tund·Ard error of Y ( esti n�. ted ) , (�y ) \· ' e-o ·1lso cdculated. 

. .  t, Jle of the �· c v lues for trial c :/5..: .i·  <Jrese•l veL1 '>oJ ow : 

Table "- • 

y1 y ;J  YJ y4 y5 y 
6 

1
7 y8 y9 

b 0. 1 70 0. 0 1 1 o. 01 26 o. o1 m o. 009 -o. CA -0. 09 5 0. 20 0. 0404 

Sdy.x 
? o. 9 '?4 0. 086 2. 8862 o. ::::-6 , .  . r ""J n  v • ..) _, /  'x;i O. 56 3 . 71 3 :x) ;:". 41 2. 888 

Sy.x 
,. 

0. 1 3 ?  0. 01 ? 0.41 ?3 0. 03 2  IJ. 07'7 4 1 . 51 j . �1 5 4 1 . 77 0.41 71 
(' .: y .x 0.363 o. 1 1 0 0.6421 0 . 1 79 o. 778 6. 44 ?. X)O 6. 46 0. 642 

S b  0.0(9 0. 003 0. 01 66 0. 0(46 0. 00'7 0. 1 66 J. 059 o. 1 7 0. 01 66 

t 1 8 .89 3 . 667 o. 7590 ?.326 1 . ?50 0. 56 1 . 607 1 . o6 2. 4 ?.4 

Prob 0. 001 0. 01 0. 50 0. 04 0.40 0. 50 0. 20 0. 40 0. 05 

2 0 .98 0. 71 0 0. 077 0. 4 ?1 0. 1 72 0. 05 0. 29 0. 1 8 0. 459 r 

Sy 0. 1 21 0. 04 5  o. 243 0. �7 0. 277 2.44 ?. 29 2.37 0.642 

3 : Data us ed to calculate Regress ion Coefficients for trial LT/1 9 . 

X = % :-.featmeal. 

y1 = H D egg number. 

y:? = H H  11 11 

y3 = Laying period mortality. 

y4 = Food cons umption per H D.  

y5 
= Average egg weight at 56 veeks age. 

y6 = Body weight gain in the leying period. 
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Table 3.  

n X y1 y2 y3 y4 y5 
y6 

1 2. 0 1 58 . 5 1 55. 2 Z. 8 • 279 56. 38 . 88 
'· 

2 2. 7 1 54. 5 1 54. 5 0 . 775 55. L, 5 .75 

3 3 . 4 1 56. 2 1 55 . 1 <3 .3 . -:no 56. 91 . 81 

4 4 .1 1 63. 0 1 59. 3 5. 6 • ?70 5G .4 G • 78 

5 4. 8 1 59 .6 1 46 . 0 1 3 .9 • ;;65 5'1 . �} '7 . 73 

6 5 . 5 1 55. 0 1 48 . 0  8 . 3 • ?74 )0. 88 . 83 

7 6. 2 1 62 . 7 1 56. 7 5 . 6 • "79 )6 . 56 .90 
8 0 . 9 1 5) . 8 1 49 . 3 5 . 6 . �>?o )'�. -.'4 . 80 

9 7. 6 1 59 . 6 1 54 • .3 5 . 6 • "78 )7 . L:1 . 9 0 

1 0 8. 3 1 62.7 1 55 . 5 8 • .3 . 270 5 5. 5 1  . 72 

1 1  7 . 0 1 60.6 1 54. 7 5 .6 . 278 54 . �6 . 83 

1 2  9 . 7 1 54 . 1 1 44 . 6 1 1 . 1 . '� 5  5() . �54 .92 

1 .3  1 0. /._ 1 6:. 8 1 62 . 8 0 • ::84 5b . 59 .82 

1 4 1 1 • 1 1 60.9 1 55 . 4 5 .6 . ?78 57 . 'b • 78 

Table 4 • 

. t> complete tabulation of ltegress ion uata calcul� ted for 
trial LT/1 9 using the variables in Appendix III ,  tRble 3. 
For an explanation of the terms us ed , ree Appendix II I , 

table 1 . 

Dependent '2 2 
Variable b Sdy.x Sy.x Sb t Pro b. r 

y1 0. 334 1 :?4 • .36 3 . 22 0.31 1 . 1 0  N S  . (!)  
y2 0. 08 328.69 5. 23 0. 50 0. 1 �  N S  . oo  

y3 O. CJ79 8.382 0.836 0.374 0. 21 1  N S · 04  

y
4 

0. 001 0. 0003 0. 0053 0.0005 1 .996 N S  . 24 

y5 0.034 3.61 3 0. 5487 0. 052 0.644 N S  . 02  

y6 0.003 0. 051 o. o65 o. oo6 0.45 N S  . 02  

. . .  
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Table 5. 

Price received per dozen eggs (for each grade ) C i¥'50. 

Large S tandard !4edium Pullet Undergrade Period. 

56 52 45 3 5 � 1 6/7 29/ 7/(i:) 

56 52 45 35 29 3o/7 1 2/  8/69 

56 52 45 35 � 1 .3/8 2£/ 8/69 

56 52 45 35 29 '2.7/o 9/ 9/69 

46 42 .35 25 29 1 0/9 23/ 9/ffJ 

42 .3d 33 23 29 ,_4f9 7/1 o/69 

38 34 .31 21 �:, 1 0/ I Q  21/1 0/69 

46 42 39 2<) �9 .:_2/ I Q  - 1 8/1 1/69 

46 42 39 29 � 1 9/ 1 1 - 1 6/1 2/69 

46 42 34 24 29 1 7/1 2 - 28/ 1/70 

42 .38 30 ?3 ?5 2('/ 1 - 1 cV 2/70 
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