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ABSTRACT

Various characters are reputed to reduce the acceptability of
Yorkshire fog grass (Holcus lanatus) to sheep. The relative ilmportance
of these characters in determining the acceptability of Yorkshire fog to
sheep was investigated in summer, autumn, and early-winter of 1978, using
standardised regression, and based upon a phenotypically diverse
collection of spaced plants from fifty-three seed populations. A clump

defoliation score was used to assess sheep preference.

Cluster analysis of ratios of the standardised partial regression
coefficients from individual genotype populations generally confirmed the
results obtained from the standardised partial regression coefficient

ratios of pooled genotype populations.

Sheep rejected plants exhibiting a high proportion of inflorescences,
dead leaf and sheath material and crown rust infection. The presence of
inflorescences and crown rust were respectively 1.5 and 0.86 times as
important as clump greenness over all genotype populations, in the
summer period. Leaf pubescence was only 0.13 times as important as
clump greenness and was therefore considered relatively unimportant
in determining sheep preference. Leaf tensile strength, leaf width,
clump height and diameter, clump erectness, leaf flavanol level and
soluble sugar level, were also considered unimportant in this study, and
ranged from 0.57 to 0.019 times as important as clump greenness in deter-
mining sheep preference. However only 20-25% of the variation in
sheep preference was explained by the characters examined in the three seasons
of this study. The unexplained variation may have been due to a high level

of amongst sheep preference variance or to unassessed plant characters.

The phenotypic variation of each character was partitioned using a
split-plot-in-time model. Broad-sense heritability estimates for all
characters examined were low and ranged from 34% to 0.47%. It was
‘suggested from these results that the acceptability of Yorkshire fog grass
to sheep, by reduction of inflorescences and crown rust infection,
and by removal of excessive dead leaf and sheath material, was largely
under the control of grazing management (i.e. an aspect of the
environment) . However, some progress might be achieved by selection
and breeding for genotypes with reduced levels of inflorescences (h?= 34%)

and crown rust infection (ﬁ2= 297) .




ACKNOWLEDGEMENTS

I am particularly grateful to Dr I.L. Gordon of the Agronomy

Department for his guidance and supervision throughout this study.

I wish to thank: Dr R.M. Haslemore of the Plant Physiology Division,
D.S.I.R. for his thin-layer chromatography determinations and for
providing random checks of samples for soluble sugar levels; Dr P.S.
Evans of Grasslands Division, D.S.I.R. for the loan of his leaf
strength machine; Dr N.C. Lambrechtsen of National Plant Materials
Centre, M.0.W. for his Dutch-English translations; Mr Hugh Nielsen
of the Horticulture Department for advice on photomicrography technique;
Mr Terry Lynch of the Agronomy Department for assistance in weed
spraying the collection and general sheep work; the post-graduate
students of the Agronomy Department and others who assisted in the
preliminary sheep sampling study; and Professor B.R. Watkin and other
staff members of the Agronomy Department for useful discussions and their
encouragement. Special thanks to Mrs J. Humphries for her typing of

this thesis.




ABSTRACT
INTRODUCTION
CHAPTER 1. LITERATURE REVIEW
1.1 The acceptability of Yorkshire fog to ruminants
1.2 Animal senses
1.3 Plant factors influencing food selection
1.4 Yorkshire fog characters reputéd to determine
acceptability
1.4.1 Flower and seed heads, culms and lignification
1.4.2 Dead leaf and sheath material
1.4.3 Pubescence
1.4.4 Crown rust
1.4.5 Flavanols
1.4.5.1 The chemistry of condensed tannins
1.4.6 Soluble sugars
1.4.6.1 Soluble sugars of temperate grasses
1.4.7 Organic acids, HCN, alkaloids
1.5 Techniques used to assess animal preferences
1.6 Phenotypic partitioning
1.7 Cluster analysis
1.7.1 Cluster strategies
CHAPTER 2. PILOT STUDY
2.1 Experimental method
2.1.1 Regression analysis
2.2 Results
2.3 Discussion
CHAPTER 3. MAIN STUDY - METHODS
3.1. Experimental method and design
3.1.1 Sheep preference assessment
3.2 Plant characters examined

TABLE OF CONTENTS

3.2.1 Crown rust infection

3.2.2 Presence of flower and seed heads

3.2.3 Leaf width

3.2.4 Clump erectness

3.2.5 Presence of green leaf and sheath material

Page

(o)}

(ol e BN o o]

11
12
L4
18
18
19
20
21
22

24
24
25
28

30
34
35
35
35
35
36
36




Page

3.2.6 Clump height and diameter 36
3.2.7 Leaf tensile strength 36
3.2.7.1 Leaf strength test procedure 37

3.2.8 Leaf pubescence 38
3.2.9 Leaf flavanols 38
3.2.10 Soluble sugar level 40

3.3 Phenotypic analysis 43
3.3.1 Heritability estimation 43
3.3.2 Variance of heritabilities 47

3.4 Multiple regression analysis 48
3.5 Cluster analysis 49

CHAPTER 4. RESULTS AND ASSOCIATED DISCUSSION

4.1 Phenotypic analysis 50
4.2 Multiple regression analysis 67
4.3 C(Cluster analysis 71
4.,3.1 Cluster strategy comparison 71
4.3.2 Post cluster analyses 72

CHAPTER 5. GENERAL DISCUSSION

5.1 Sheep preference assessment 85
5.2 Plant characters examined 86
5.2.1 Presence of flower and seed heads 86
5.2.2 Clump green material 86
5.2.3 Crown rust infection 87
5.2.4 Clump erectness 88
5.2.5 Leaf pubescence 88
5.2.6 Leaf tensile strength 88
5.2.7 Leaf width 89
5.2.8 Clump height and diameter 89
5.2.9 Leaf flavanols 90
5.2.10 Soluble sugars 91

5.3 Plant breeding prospects 91
5.4 Agronomic aspects 93

CONCLUSIONS 95




LIST OF TABLES

Table
1 Regression data of sheep sampling intensity for each
block in the pilot study
2 Estimated t statistics for differences amongst pairs of
bp's and b;'s from the regression equations of sheep
sampling intensity for each block in the pilot study
3 Regression data of sheep sampling intensity for all
sheep (pooled) in the pilot study
4 Estimates of clumps sampled per sheep for each 5
minute increment in time, and overall to 90 minutes
5 Experimental grazing procedure
6 Leaf margin pubescence scores
7 Leaf flavanol scores
8 Expectations of mean squares for the single harvest model
9 Expectations of mean squares for the pooled harvests model
10 Anova of characters measured in harvest one
11 Anova of characters measured in harvest two
12 Anova of characters measured in harvest three
13  Homogeneity of error variances
14 Anova for pooled harvests
15 Estimates of heritability and associated coefficients of
variation for characters assessed only in a single
harvest
16 Estimates of heritability and associated coefficients
of variation for characters assessed in all harvests
(pooled)
17 Multiple regression for pooled genotype populations -
harvest one
18 Multiple regression for pooled genotype populations -
harvest two
19 Multiple regression for pooled genotype populations -
harvest three
20  Post-cluster analyses on Ward's method for harvest one
21 Post-cluster analyses on Ward's method for harvest two
22  Post-cluster analyses on Ward's method for harvest three

Page

26

26

26

29
33
42
42
45
46
51-54
55-57
58-60
61
62-64

65

66

68

69

70

79-80

81-82
83-84




LIST OF FIGURES

Figure

1
2
3

10

11

12

Structure and numbering system for the flavan nucleus
Structure and putative relationship of the flavanols
Taste threshold levels most commonly used in classical
two choice preference test experiments

Graphs of sheep sampling intensity regressions for

each sheep

A cluster analysis of 160 genotype populations using
Ward's method based upon 8 agronomic characters,
truncated to produce 44 clusters (Teow, 1978), from which
53 populations were selected at random

Field layout of the Yorkshire fog collection showing

the 53 selected(s) populations and position of the sheep
holding lane

Dendrogram of Harvest 1 standardised partial regression
coefficient ratios clustered by the Centroid Method
Dendrogram of Harvest 1 standardised partial regression
coefficient ratios clustered by the Median Method
Dendrogram of Harvest 1 standardised partial regression
coefficient ratios clustered by the Group Average Method
Dendrogram of Harvest 1 standardised partial regression
coefficient ratios clustered by Ward's Method

Dendrogram of Harvest 2 standardised partial regression
coefficient ratios clustered by Ward's Method

Dendrogram of Harvest 3 standardised partial regression

coefficient ratios clustered by Ward's Method

Page
13
15

17

27

31

32

73

74

75

76

77

78




Plate
1

~ O o W

Long hair type on the abaxial surface of a non-peaked
ligule of Yorkshire fog
Long hair type on the abaxial surface of a peaked

ligule of Yorkshire fog

Leaf pubescence
Leaf pubescence
Leaf pubescence
Leaf pubescence

Leaf pubescence

LIST OF PLATES

score

sCOore

score

score

sCOore

N oW B

Page

10

10
39
39
39
39
39




