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



AN ECONOl\TIC ANALYSIS :·_,F 

LF�T-COST LAYER RATIONS 

A thesis presented in partial fulfilment 

of the requirements for the degree of 

Master of Agricultural Science in Farm 

Management at Massey University. 

OLIVER PATRICK RYAN 

1974 



T ABJ_jE OF C ON'.rENTS 

TABLE OF C ONTENTS 

LIST OF.FIGURES 

ACKNOWLETIGR�TS 
ABSTRACT 

CHAPTER ONE : INTRODUCTION 

CHAPTER TWO : NUTRITIONP� RELATIONSHIPS IN 

LAYER PRODUCTION 

2.1 Introduc tion 

2. 2 Expres s i on of the energy rel ati onships in 

layer nutrition 

2.3 Energy utilization by l aying hens and its 

relat i on to voluntary f e ed c onsumption 

2.4 The relati onship b etwe en energy intake and 

produc tion responses 

2.5 Pro t ein uti l i z ation by laying hens and its 

relation to  voluntary f e ed c onsumption 

2. 6 The r elationship b e tween.prot e in intake and 

produc tion respons es  

2.7  Amino ac id relationships in  layer nutrition 

2.e The relati onship b etwe en amino ac id intake 

and yroduct i on responses 

2.9 Calc ium and phosphorus ut ilization by laying 

hens 

2.10 Fac t ors affec t ing egg s ize 

CHAPI'ER THREE: LAYER NUTRITION TRIAL 32-

EXPERIMENTAL. DETAILs··· 

3.1 

3.2 

Aims 

Ex�erimental design 

ii 

Pag e  
i i  

vi 

vii i  

ix 

1 

5 

5 

6 

9 

11 

13 

15 
19 

22 

28 

30 

32 

32 
32 



3 "A . .  ./ 

3.4  

3 c: •/ 

3 . 6  

3 - 7 

3 . 8  

Mat erials and methods 

Pre l iminary res earch 

Rati on formulati on 

Changes in trial design 

Measur ements 

3 . 7. 1  .C.:ody weight 

3 . 7 . 2  Feed consumpti on 

3 . 7 . 3 Mortal ity 

3 . 7 .4 Egg numb er 

3 . 7 . 5  Egg weight and grading 

Experimental results 

3 . 8 . 1  Results 1 -31 5 days 

C HAPTER FOUR: DATA ANALYSIS , ESTIMATION PROCEDURES 

AND PROBLEMS 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

Introduc tion 

Specific ation of the model 

Analys i s  of varianc e 

Estima t i on proc e dure 

Goodn e s s  of fit 

Test ing forms of the pro duc tion function 

Multic o l linearity 

General nature o f  the produc tion model 

CHAPTER FIVE : PRODUC TION FUNC TION ANALYSIS FOR 

THE-TOTAL LAYING . PERIOD 

Introduction 

Feed c onsumption 

5.2 . 1  Dis cuss ion 

iii 

Page 

32  

33  

36 

49 

54 

54 

54 

55 

55  

55  

5 5  

6 7  

68 

68 

68 

70 

72 

73 

77 

78 

83 

83 

83 

91 



5 . 3  Egg numb er 

Discus sion 

5 .4 Egg weight 

5 - 5  Body weight gain 

CHAPTER SIX: LCON01'1IC ANALYSIS 

6 . 1  Outline of  the economic model  

6 . 2  Method o f  analys is  

6 . 3  Experimental des i gn 

6 .4 Rati on formulation 

6 . 5  Egg and cull ed hen price 

6 . 6  Experimental results 

6 . 7  Net revenue function 

6 . 8  Conclus i on 

CHAPTER SEVEN : ASPECTS OF LAYER RESPONSES 

7-3 

Introduction 

Treatment 1 7  

7 . 2 . 1 

7 . 2 . 2  

Feed intake 

Egg numb er 

Treatments 1 6 , 1 8  

7.3.1 

7 . 3. 2  

Feed intake 

Egg numb er 

7.4 Analy si s  of t he period s 1 -�40 , 1 68-31 5 

day s i n  t he laying cyc le 

7-5 Feed c o ns umptio n 

iv 

Page 
96 

1 07 

1 08 

1 1 1  

1 1 7  

1 1 7  

1 21 

124-

1 28 

1 28 

1 30 

1 3 5 

142 

146 

146 

147 

147 

' 1 48 

1 49 

149 

1 50 

152  

1 52 



7-5 - 1  1 -1 40 days 

7 -5 - 2  1 68-31 5 days 

7 -5 - 3  Discus sion 

7 . 6  Egg numb er 

7 . 6 . 1  

7 . 6 . 2  

7 . 6 . 3  

CHAPTER EIGHT : 

APPENDIX A: 

APPENDIX B :  

APPENDIX C :  

APPENDIX D :  

APPENDIX E :  

APPENDIX F :  

.APPENDIX G :  

REFERENCES 

1 -1 40 days 

1 68-315 days 

Discussion 

CONCLUSION 

VARIABLES USED AND THEIR NOTATION 

EXPERIMENTAL RESULTS 1 -1 40 ,  168-

3 1 5  DAYS 

AI"'INO ACID ANALYSES 

ANALYSIS OF MINERAL AND VITAMIN 

ADDITIVE 

ANALYSIS OF TREATMENTS 1 -6 

AN EXAMPLE OF THE RELATIONSHIP 

BETWEEN STRUCTURAL AND REDUCED 

FORM �UATIONS 

SIGNIFICANCE LEVELS 

V 

Page 
1 53 

156 

1 59 

1 60 

1 60 

1 62 

1 66 

1 67 

1 73 

1'74 

1 81 

1 83 

1 84 

192 



LIST OF FIGLffiES: 

Figtu�e 2 . 1 : Energy rel ati onships in layer nutrition 

2 . 2 :  Es s ential amino acids 

2 . 3 : The respons e of egg yi e ld to methionine 

intake 

3 •1 : Di etary energy and pro t ein levels o f  

the treatments in LN/3 2  

5 . 1 : Fe ed consumption vs . di etary energy 

c oncentration 

5 . 2 : Ene rgy cons umpti on vs dietary energy 

c oncentrati on 

5 . 3 : Egg numb er v s. di etary energy concentra-

t i on 

vi 

Page 
8 

1 9  

27 

40 

84 

85 

97 

5 - L�: Egg numb er vs . obs erved energy intake 1 0 0 

5 .5 :  Egg numcer vs . obs erved  methi onine 

int ake 

5 . 6 : Predict ed energy intake vs . obs erved 

e ner gy intake . 

1 01 

1 02 

5 . 7 :  E�g numb er vs . pr edicted energy intake 1 03 

5 .8 :  Egg numb er vs . predict ed methionine 

intake 

5 .9 :  Avera ge e gg we ight v s. d ietary energy 

c o nc e ntrat io n 

.5 . 10 : L iv ewei ght ga in v s. d i etary e ner gy 

co nsumpti o n  

6. 1 :  Relat io nship s b etwe e n e sti mated net 

r eve nue a nd e ner gy de nsity of layer 

ratio ns 

1 04 

1 09 

11 2 

1 37 



Figure 6.2: Relationship b etween e s timat ed net 

revenue and energy dens ity at dif­

ferent methi onine int akes ( gms . ) ;  

is oleucine at 0 .55 % 

7 . 1 : Daily feed consumption vs . di etary 

energy concentration C1 -1ao days ) 

7 . 2 : Dai ly feed consumption vs . di etary 

vii 

Page 

1 43 

. 1 54 

energy concentrati on ( 1 68 -31 5 days ) 1 57 

7 .3 :  Egg numb er vs . di etary energy 

concentration (1 -1 40 days)  1 61 

7. 4 :  Egg numb er vs . dietary energy 

concentrati on (1 68-31 5 days ) 1 63 



vi:l.i 

ACKNOWLEDGEI'1ENT 

I would like to express my s inc ere appreciation o f  

the advic e and enc ouragement provided throughout this 

s tudy by my supervis or , Profes s or R J Tmvns ley ,  Profes s or 

o f  Agricultural Ec onomics  and Farm Management , Mas s ey 

· Univers ity . 

I am grateful to Mr R Patch e l l , Direc tor , Poultry 

. R es earch C entre , Mass ey Univers ity for his c o operation in 

providing res earch facilities  and as s is tanc e during the 

s tudy. 

Staff of the Poultry Res earch C entre have b e en 

most  helpful . 

Financ ial assistanc e was obtained from the 

Agricultural Ec onomics and Farm Management Departm ent , 

Mas s ey Univers ity and Poultryman ' s  C o operative Limit ed , 

Auckland . 

The manus cript was typed by l'1rs P Reynolds and 

Mrs G P  Percy and I am appreciative of this . 

I wish t o  thank my wife Caro lyn for her enc ouragement . 

Finally , I would l ike t o  thank Alan , Stephen and 

others who hel�ed develop , during the period of this 

s tudy , the authors apprec i ation of non-academic pursui ts . 



ix 

ABS'rRACT 

Fift e en treatments , replicat ed once , each containing 

eighty four birds of thre e s trains of White Leghorn layers 

(White Bas e a ,  Whit e Bas e b, 1'1. Line ) were fed rations ad 

lib itum o f  five different metabolisab l e  energy l evels (231 5 , 

2535 , 2756 , 2976 , 31 97 k .  cal . M . E .  per kg . ) and thr e e  dif­

ferent protein levels  ( 16 ,  1 7 ,  1 8  gms . per hen per day, 

bas ed on an energy i�take o f  305 k .  cals . per hen per day ) 

t o  obtain quantitative estimat es of  the physical input/ 

output relati onships of layer production.  Three  other 

treatments , plus a c ontrol , were fed to obtain data on the 

respons e of laying hens to  res tricted energy intake and 

improved protein quality. All rations were formulated t o  

leas t cost  us ing Linear Pro gramming . 

Least Square s  multiple regress ion was us ed to ob tain 

l inear respons e func tions for feed intake , egg number , e gg 

we ight and liveweight gain ( the variab les included in a net  

r evenue function for layers under N ew Zealand production 

c onditions ) . 

Fe ed intake was expres s ed in t erms of di etary energy 

c oncentrati on and initial liveweighT . Statis tical prob l ems 

encount ered dictated that predict ed nutrient intakes were 

us ed as the independent variables  in the estimat ion o f  the 

egg numb er and l iveweight gain func t i ons . Predic ted energy 

intake and methionine intake acc ounted for differences in 

egg number , particularly for White  Base b layers . Predicted 

energy intake\ methionine intake and isol eucine intake 

acc ount ed for differenc es in liveweight gain . There were 

no s i gnific ant differenc es b etwe en average egg weight s . 



There were s i gnificant strain differences  in ad lib itum 

f eed consumption , egg numb er ,  average e gg weight and 

l iveweight gain . 

X 

A net revenue function was es timated in t erms of  

the end0genous variab les ( di etary nutri ent concentrati ons ) 

which were inc luded in the layer respur�,e functions . This 

was analys ed in terms of the endogenous variables  for the 

then curr ent egg and feed prices . 


