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ABSTRACT

Performance records of 1,113 New Zealand Romney ewe hoggets from
two subflocks maintained on control (CSR) and intensive (HSR) stocking
rates were analysed. The data represented the progeny of 34 sires and
were collected between 1967 and 1974 inclusive which covered four

consecutive two-year sire periods.

The traits investigated were hogget live-weight (HLW), greasy
fleece weight (GFW), clean wool weight per unit area (WA), clean scoured
yield (Y), staple length (SL), mean fibre diameter (MFD), standard
deviation of the fibre diameter (SFD), quality number (QN), crimps per
centimeter (CPC), total crimp number (TCN), character (CHG), tippiness
(TG), handle (HG), lustre (LG), greasy colour (GCG), scoured colour
(SCG), discoloured area (DAG), cotting (CG), cotted area (CAG) and

soundness (SG).

Stocking rate had significant effect on all the traits excepting
MFD, SFD, TCN and HG. HSR depressed the traits investigated excepting
Y, SFD, QN, CPC, HG, GCG, SCG, CG and CAG. Year effects except in DAG
were an important source of variation. The influence of birth-rank
except on LW, SFD, CHG and HG was small. Stocking rate x year
interactions except in CPC, TCN, CHG, TG, HG, GCG and CAG were
important. Sire x stocking rate interactions were significant in HLW,
MFD, SFD, TCN and GCG only, whereas sire x year interactions were

significant in HLW, GFW, HG and SCG.

Sire x stocking rate and sire x year interactions were included in
different ways in some formulae for calculation of heritability estimates.

These estimates were calculated from paternal half-sib analyses in CSR,
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HSR and combined data. The various estimates for the different traits

were in the following ranges:-

HLW 0.21 - 0.72, GFW 0.38 - 0.61, WA 0.31 - 0.49,

Y2 10119 - 0/553), SL 0.54 - 0.63, MFD 0.34 - 0.87,
SFD 0.35 - 0.66, QN 0.46 - 0.72, CPC 0.48 - 0.88,
TCN 0.65 - 1.09, CHG 0.24 - 0.34, TG 0.13 - 0.27,
HG 0.23 - 0.66, LG 0.32 - 0.42, GCG 0.22 - 0.44,

SCG 0.10 = 0.39, DAG 0.04 - 0.21, CG 0.12 - 0.67,

CAG 0.18 - 0.53, SG 0.00 - 0.22.

No significant differences between the estimates in the two
stocking rates except in CG and SG were observed. The relevance of
these comparisons is discussed in terms of sire x stocking rate and

sire x year interactions.

Intra-trait genetic correlations between the two stocking rates

were close to unity except in HLW (P<0.05); Y, SFD, GCG, SCG (0.05<P<0.1).

Genetic correlations between traits were calculated by the paternal
half-sib method. The correlation coefficients suggest that the HLW
selection results in higher fleece weight, longer staples, better
fleece character, increased variation in fibre diameter, higher quality
number and crimping and more lustre. Selection for fleece weight would
result in longer staples, less cotting and less susceptibility to break
and increased mean fibre diameter. Correlated responses expected with
selection for fineness are reduced staple length, more cotting and less
sound wool. Selection for TCN results in favourable changes in HLW,
GFW, TG, cotting, colour and soundness. Favourable changes in yield,
crimping, discoloured area are expected following selection for whiteness

of a midside sample, whereas GFW could decline.
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Applications of the results are discussed with particular reference
to the role played by sire x stocking rate and sire x year interactions
in the genetic improvement of characters of economic importance in New

Zealand Romney sheep.



ACKNOWLEDGEMENTS

It is with special gratitude that I acknowledge my supervisors,
Professor A.L. Rae and Dr G.A. Wickham for their immense help, constant
encouragement, constructive criticism and able counsel throughout the

course of this study and the preparation of this thesis.

Grateful acknowledgement is made to the staff of Sheep Husbandry
Department and No.l Sheep Farm, Massey University who were involved with

the collection of the data used.

Thanks are due to Mr R.P. Lewer, Mr A.B. Pleasants and Mr C.J. Dodd
for their assistance during the period of computer familiarization.
They and other colleagues and fellow students have provided a source of

stimulating discussion on many occasions.

Sincere thanks are due to Mrs A.F. Barton for skillfully typing

the manuscript.

I wish to express my utmost appreciation and special thanks to my
wife, Reeta for providing the inspiration. Without her resolute
support and encouragement the task may never have been completed.

The affection received from the Chopra and Varma families encouraged

me in the accomplishment of this task.

This thesis was made possible through the award of a Commonwealth
Scholarship. The grant of study leave by the Indian Council of

Agricultural Research is gratefully acknowledged.



Chapter

ONE

TWO

THREE

TABLE OF CONTENTS

ABSTRACT

ACKNOWLEDGEMENTS

LIST OF TABLES

LIST OF FIGURES

INTRODUCTION

REVIEW CF LITERATURE

CLASSIFICATIONS OF GENOTYPE-ENVIRONMENT INTERACTIONS

FALCONER'S CONCEPT OF GENETIC CORRELATIONS BETWEEN
PERFORMANCE IN DIFFERENT ENVIRONMENTS

Experimental evidence for Falconer's concept

GENOTYPE-ENVIRONMENT INTERACTIONS IN SHEEP
Growth characteristics
Carcass characteristics
Fleece characteristics
Reproductive traits in ewes

Others

GENETIC PARAMETERS
Heritability

Genetic correlations

GENERAL CONCLUSIONS

SOURCE OF DATA

THE DATA

Page

ii

xii

12
13

20
21
29
32
41
45

46
46
60

78

79

81



Chapter

FOUR

FIVE

TABLE OF CONTENTS
(continued)

STATISTICAL METHODS

PRESENCE OF INTERACTION

ANALYSIS OF VARIANCE

Least squares and computing methods
Fitting models to the data

Estimation of mean squares, variance and
covariance components

LEAST SQUARES ESTIMATES

POOLING OF THE SIRE GROUP PERIODS ANALYSES

PARTITIONING THE VARIATION

VARIANCE COMPONENT ESTIMATES

GENETIC PARAMETERS

Heritability

Genetic correlations

RESULTS AND DISCUSSION

ESTIMATES OF NON-GENETIC FACTORS, INTERACTIONS
AND VARIANCE COMPONENTS

Hogget live-weight

Greasy fleece weight

Clean wool weight per unit area

Clean scoured yield

Staple length

Mean fibre diameter

Standard deviation of the fibre diameter
Quality number

Crimps per centimeter

Total crimp number

S L

86

86

88
88
90

96

98

98

99

99

101
101
103

105

105
110
115
118
120
121
124
125
127
128
130



Chapter

TABLE OF CONTENTS
(continued)

Character grade
Tippiness grade

Handle grade

Lustre grade

Greasy colour grade
Scoured colour grade
Discoloured area grade
Cotting grade

Cotted area grade

Soundness grade

HERITABILITY ESTIMATES, INTRA-TRAIT GENETIC
CORRELATIONS AND INTERACTION VARTANCE COMPONENTS

Hogget live-weight

Greasy fleece weight

Clean wool weight per unit area
Clean scoured yield

Staple length

Mean fibre diameter

Standard deviation of the fibre diameter
Quality number

Crimps per centimeter

Total crimp number

Character grade

Tippiness grade

Handle grade

Lustre grade

Greasy colour grade

Scoured colour grade
Discoloured area grade

Cotting grade

Cotted area grade

Soundness grade

INTER-TRAIT GENETIC CORRELATIONS

viii.

131
134
135
137
138
140
141
143
144
146

148
152
155
156
157
158
159
161
162
163
164
165
167
168
169
170
171
172
173
174
176

177



ix.

TABLE OF CONTENTS
(continued)
Chapter Page

SIX CONCLUDING DISCUSSION ON PRACTICAL
IMPLICATIONS 185

BIBLTOGRAPHY 194



Table

10

11

12

13

14

15

LIST OF TABLES

Some published estimates of heritability of
live-weight, wool quantity and quality traits
in sheep

Some published estimates of genetic correlations
between various characteristics for live-weight,
wool quantity and quality in sheep

Combined stocking rate analysis. Calculation of
reductions in sums of squares and expectations of
mean squares

Within stocking rate analysis. Calculation of
reductions in sums of squares and expectations of

mean squares

Percentage of total variance attributable to each

factor for each variable from the combined stocking
rate analysis pooled from the different Sire group

periods

Least squares estimates and standard errors of
environmental effects for HLW and GFW

Least squares estimates and standard errors of
environmental effects for WA and Y

Least squares estimates and standard errors of
environmental effects for SL and MFD

Least squares estimates and standard errors of
environmental effects for SFD and QN

Least squares estimates and standard errors of
environmental effects for CPC and TCN

Least squares estimates and standard errors of
environmental effects for CHG and TG

Least squares estimates and standard errors of
environmental effects for HG and LG

Least squares estimates and standard errors of
environmental effects for GCG and SCG

Least squares estimates and standard errors of
environmental effects for DAG and CG

Least squares estimates and standard errors of
environmental effects for CAG and SG

£
[
|

48

64

94

95

106

126

129

132

136

139

142

145



Table

16

17

18

LIST OF TABLES
(continued)

Heritability estimates and standard errors
of various traits obtained from the pooled
analyses by different methods

Intra-trait genetic correlations and standard
errors of traits in two stocking rates

Genetic correlations and standard errors among
various traits from the pooled analysis of
variance and covariance

Page

149

151

178

xXi.



e
— |

LIST OF FIGURES

Title

Illustration of genotype (A, B) x environment
(X, Y) interactions as suggested by Haldane (1946)
(after McBride, 1958)

Types of heredity x environment interaction
(after Dunlop, 1962)

A classification of genotype x environment
interactions specially designed for use in farm
animals studies (after Pani, 1971)

Xii,

i





