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Alfalfa, whose luxuriant herbage feeds
The lab'ring ox, mild sheep, and fiery steeds:
Which ev'ry summer, ev'ry thirtieth morn,

Is six times re-produced, and six times shorn.

0ld Andalusian Poem transcribed
by Rev. Harte, 1764



ABSTRACT

A project was conducted to study the influence of grazing
duration (GD) on lucerne Medicago sativa L. 'Wairau'. GD was
defined as the period of defoliation or grazing before regrowth to
the early flowering stage was again permitted.

A field trial conducted for eight months from spring to autumn
examined three grazing durations (GDs), 2-4, 15 and 30 days, using
sheep as the grazing animal. Following this, three studies in
controlled environment rooms using simulated grazing techniques
allowed a more detailed study of the influence of GD and also prdvided
an insight into the interaction of GD with climate.

In both the field and the controlled environments, total
herbage production for the full duration of each of the studies was
always greatest under the shortest GD (0-3 days) and least under the
longest GD (30 days). In the field, total herbage production was
reduced by 14% under the 15 day GD system and 29% under the 30 day
GD system. However in all the studies the differences in total
herbage production were generated almost entirely by differences in
stem yield - there were generally no treatment differences in the
total production of non-stem (leaf and new shoot) material.

The studies in the controlled environment rooms indicated
that GD had less effect on lucerne herbage production under dry

condi tions than under moist conditions favouring rapid growth.

Detailed shoot population studies in which large numbers of
shoots were individually tagged as they arose, demonstrated the
impact of shoot decapitation, the relative contributions of the
different shoot types and the importance of the time of shoot
appearance in relation to grazing.

Differences in the immediate growth rate of the herbage
following the different GDs were noted. Maximum herbage growth rates
in this period followed the intermediate GDs (10-15 days) with lower
growth rates after both the very short (0-3 days) and the very long
(30 day) GDs. The initial regrowth inertia following the very short
GD was attributed to the low number of basal shoots on this. treatment

at the start of the regrowth period.



However the initially reduced herbage growth rates following
the 30 day GDs seemed to result from an 'earlier' partitioning of
assimilate to the roots in the first half of the regrowth period
following this treatment. It was postulated that this partitioning
effect was generated by the 'sink' effect of the depleted root system
(lowest root weight, and root TNC and starch concentrations) measured
at the end of a 30 day GD.

The project has indicated that under active growth conditions,
while GDs of 2-4 days will give maximum herbage production, GDs of
10-15 days will have little significant effect on the performance of
mature sheep. Under dry conditions, or when grazing young lambs, even
longer GDs of up to 30 days are unlikely to seriously affect stock

production.



ACKNOWLEDGEMENTS

Without the provision of a study award from the
Ministry of Agriculture & Fisheries, this project would not
have been undertaken.

My two supervisors - Professor B.R. Watkin, Agromony
Department, Massey University, and Dr. B.J. Forde, Grasslands
Division, D.S.I.R. - willingly provided much constructive
guidance, advice and encouragement throughout this project.

Mrs Carolyn Stewart gave many hours of cheerful -~
assistance during the controlled environment studies.

Dr. R. Haselmore conducted the carbohydrate analyses
and Messrs. J. Hoglund and H. Tough provided advice and facilities
for the acetylene reduction assays.

Staff members of the Agronomy Department, Massey
University, and the Climate Room Support Group were helpful in

many different ways throughout this project.

Assistance with the statistical analyses was provided
by Mr. D.F. Wright, Biometrics Division, M.A.F.

Finally -my wife, Anne Janson, undertook all the typing
and much of the grammatical criticism involved in this project
from its inception to this final presentation.

I wish to record my grateful thanks to all these people.




CHAPTER

TABLE OF CONTENTS

Table of Contents
List of Figures
List of Tables
List of Plates

INTRODUCTION

PROJECT JUSTIFICATION
PREVIOUS WORK
1:2:1 Grazing Studies
1:2:2 Morphological Studies
(a) Shoot origin
(b) Shoot decapitation
1:2:3 Climatic Influences
PROJECT OBJECTIVE AND OUTLINE

FIELD TRIAL - EXPERIMENTAL

SITE AND STAND DESCRIPTION

TREATMENT DESCRIPTION AND EXPERIMENTAL
DESIGN

CALENDAR OF EVENTS

GRAZING MANAGEMENT
IRRIGATION

COLLECTION OF HERBAGE DATA
SHOOT POPULATION STUDIES
ANALYSIS OF RESULTS

PAGE

o o W w N

10
10
12

13

13
15

15
17
17
19
23
25



FIELD TRIAL - HERBAGE COMPONENTS AND YIELD

RESULTS

3:1

THE PATTERN OF MATURE HERBAGE REMOVAL
DURING GRAZING

3:2 NEW SHOOT DEVELOPMENT DURING GRAZING
3:2:1 Shoot Numbers
3:2:2 Shoot Size, Leaf Area and Yield
3:3 REGROWTH
3:3:1 Shoot Numbers
3:3:2 Herbage Yield and Growth Rates
3:4 TOTAL HERBAGE PRODUCTION FOR TRIAL DURATION
DISCUSSION

FIELD TRIAL - SHOOT POPULATION STUDIES
RESULTS

4:1

TREATMENT ONE
4:1:1 Preliminary Harvest
(a) Basal shoots
(b) Stubble shoots
4:1:2 Final Harvest
(a) Basal shoots
(b) Stubble shoots
TREATMENT TWO
4:2:1 Preliminary Harvest
(a) Basal shoots
(b) Stubble shoots
4:2:2 Final Harvest
(a) Basal shoots
(b) Stubble shoots
TREATMENT THREE
4:3:1 Preliminary Harvest
(a) Basal shoots
(b) Stubble shoots
4:3:2 Final Harvest
(a) Basal shoots

(b) Stubble shoots

DISCUSSION

26

26

32
32
35
40
40
43

48

54

55
55

55

57
57

59

6l
6l

63

63



CONTROLLED ENVIRONMENT STUDIES -
INTRODUCTION AND EXPERIMENTAL

5:3
5:4
5:5
5:6
5:7
5:8
5519
5:10
5:11

PLANT ESTABLISHMENT

TREATMENT DESCRIPTION AND EXPERIMENTAL
DESIGN

THE SIMULATED GRAZING TECHNIQUE
THE CONTROLLED ENVIRONMENTS
CALENDAR OF EVENTS

COLLECTION OF HERBAGE DATA

SHOOT POPULATION STUDIES
COLLECTION OF ROOT DATA
ACETYLENE REDUCTION MEASUREMENTS
HERBAGE MINERAL ANALYSES
ANALYSIS OF RESULTS

CONTROLLED ENVIRONMENT STUDIES -
HERBAGE COMPONENTS AND YIELD

RESULTS

6:1

HERBAGE CHARACTERISTICS IN THE THREE
CONTROLLED ENVIRONMENT ROOMS

6:1:1 Flowering time

6:1:2 Stem and Leaf Weights and Areas
Through the Profile

6:1:3 New Shoots
6:1:4 Daily Growth Rate

HERBAGE EFFECTS DURING DEFOLIATION OR
'GRAZING'

6:2:1 Leaf Area Changes
(a) Effects on specific leaf area values
(b) Effects on light penetration

6:2:2 New Shoot Numbers

6:2:3 New Shoot Yield

6:2:4 Herbage Harvested During Grézing

HERBAGE RESPONSE ON COMPLETION OF
DEFOLIATION OR 'GRAZING'

6:3:1 Shoot Numbers
6:3:2 Leaf Area
6:3:3 Herbage Yield and Growth Rates

69

69

78
75
77
79
80
8l
81
83
84

85

85

85
85

89
89
91

91
94
94
97
99

99
99

99

105
105



6:4 TOTAL HERBAGE HARVESTED FOR PROJECT 111

DURATION
6:5 SHOOT POPULATION STUDIES 113
DISCUSSION 115
CONTROLLED ENVIRONMENT STUDIES - 120
THE UNDERGROUND ORGANS
RESULTS
7:1 MINERAL UPTAKE 120
7:2 ACETYLENE REDUCING ACTIVITY 122
7:3 ROOT WEIGHT 125
7:4 ROOT COMPOSITION 128
DISCUSSION 131
CONCLUDING COMMENTS AND SUMMARY 140
CONCLUDING COMMENTS 140
SUMMARY 143
Bibliography 148

Appendices : 155



FIGURE

10

] 1

12

13

14

115)

16

17

18

19

20

21

22

LIST OF FIGURES

Stubble, crown & upper root of a mature lucerne plant

Meteorological data recorded during the field trial experimental
period

Timing of grazing & regrowth periods on the three GD treatments
in the field trial

Diagrammatic presentation of the three types of basal shoot
Mature herbage leaf & stem weights & leaf areas at first harvest

The pattern of mature herbage removal during grazing - plus
light penetration to the new shoots .

Leaf area changes during the grazing period
Shoot numbers during the grazing period

Yield, leaf area & size of new shoots during grazing

Shoot numbers during the regrowth period: differentiation of
basal shoots on Treatments 2 & 3

Shoot numbers during the regrowth period: Treatments 1,2 & 3
Herbage yield during the regrowth period - first two cycles

Herbage growth rates, absolute(AGR) & relative(RGR), for the
first & second half of the regrowth period

Total herbage production for trial duration
Diagrammatic depiction of simulated grazing on Treatments 2 & 3

Timing of 'grazing' & regrowth periods on the three GD treatments
in the W-WET room

Distribution of stem weight, leaf weight & leaf area through
the herbage profile at the 1% flower stage

Leaf area changes during 'grazing'

Light penetration to new shoots during the 'grazing' period
Shoot numbers during the 'grazing' period

Shoot yield during the 'grazing' period

Herbage harvested during 'grazing'

PAGE

14

16

=21

28

29

33

34

36

41

42

44

46

47

74

78

88

92

96

98

100

101



FIGURE

23

24

25

26

27

28

29

30

Shoot numbers during the regrowth period
Total leaf area during the regrowth period
Herbage yield during the regrowth period

The slopes of the regressions of herbage weight with time
during the regrowth period

Total herbage harvested for project duration
Acetylene reduction rates during the 'grazing' & regrowth periods
Root weights during the 'grazing' & regrowth periods

The concentration of TNC, starch & soluble sugars in the roots
during the 'grazing' & regrowth periods

PAGE

104

106

108

110

114

123

126

129



TABLE

10

11

12

13

14

15

16

17

18

19

20

21

LIST OF TABLES

Treatment comparisons of yield, leaf area and size of new
shoots at end of grazing

Leaf area ratio (LAR) and net assimilation rate (NAR) for
first eight days of regrowth period

Shoot population studies : Treatment 1 - preliminary and
final harvests

Shoot population studies : Treatment 2 - preliminary harvest

final harvest

Shoot population studies : Treatment 2

Shoot population studies : Treatment 3 preliminary harvest

Shoot population studies Treatment 3 - final harvest

.

Shoot population studies

Treatment comparisons

Specific leaf areas through the herbage profile at the
1% flower stage

Number and total weight of new shoots at the 1% flower stage
Leaf area at end of 'grazing' period

Changes in new shoot specific leaf area values during the
'grazing' period : Treatment 3

The slopes of the regressions of leaf area with time during
the regrowth period

The slopes of the regressions of the logarithm of herbage
weight with time during the regrowth period

Herbage mineral analyses : % phosphorus and % potassium in
the herbage during the regrowth perioq

Percentage nitrogen in the herbage during the regrowth period

The slopes of the regressions of root weight with time
during the regrowth period

Percentage change in TNC concentration recorded during the
'grazing'/regrowth cycle on each GD treatment in the

three CE rooms

Total plant weight and absolute growth rate of the total
plant during the regrowth period

Net assimilation rate during the regrowth period

Approximate time and leaf area when net gain of root TNC %
commences in the regrowth period

PAGE

3%

51

56

58

60

62

64

65

90

90

93

95

107

112

121

124

227

130

133

134

136



PLATE

10

11

12

13

14

15

16

17

18

19

LIST OF PLATES

General view of trial area : November 1975
Closer view of some of the small paddocks
Early development of an independent shoot
Early development of a subtended shoot

One of the Treatment 3 plants on which the new shoots
were individually tagged as they arose

Appearance of lucerne at start of grazing

General view of Treatment 2 lucerne after five days
of grazing

Treatment 3 lucerne plant after 18 days of grazing

General view of Treatment 2 lucerne at end of grazing
period

Treatment 1 lucerne plant at end of grazing period

Treatment 3 lucerne plant at end of grazing period

Close-up of Treatment 2 lucerne plant at end of grazing

period .

General view of some of the pots in one of the controlled

environment rooms at the start of the CE studies

General view inside one of the CE rooms showing shade
screens and two 'swards'

Incubation chamber for acetylene reduction assays
Lucerne at the 1% flower stage in the W-Wet room
& L 2 " " " Cool B

The type of axillary leaf development that occurred on
the mature stems following apex removal

PAGE

18

18

22

22

24

27

30

31

38

38

76

82

86

87

87

102



LIST OF APPENDICES

APPENDIX PAGE
1 Herbage data at first harvest - field trial 155
2 Calculation of adjusted plot values for absolute 156

growth rate of herbage during the regrowth period

3 Stubble shoot yield as percentage of total shoot 157
yield

4 Uniformity just before entry to controlled environment 157
rooms

5-7 Uniformity harvests : W-Wet, W-Dry and Cool rooms 158

8 Leaf area changes during 'grazing' 16l

9 Stubble shoot numbers as a percentage of total shoot 164

numbers during the regrowth period
10-24 Shoot population studies : W-Wet, W-Dry and Cool rooms 165

25 Levels of phosphorus and potassium in soil samples 181
from the W-Wet room

26 Total soil nitrogen levels in the W-Wet and W-Dry rooms 181



