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ABSTRACT

This thesis provides a definition of relative nutrient efficiency
(RNE) by which species and strains of pasture plants can be differentiated
in a quantifiable manner according to the shape of their response surface
to applied nutrients. Attention is drawn to the fact that RNE is under
genetic control and to the probability that no single casual mechanism
controls RNE because of the interdependence of plant physiological processes.
Experiments are reported investigating the RNE of strains of

Yorkshire fog (Holcus lanatus L.), perennial ryegrass (Lolium perenne L.),

Lotus pendunculatus Cav. (Syn L. uliginosis Schkuhr., L. major Sm.) and

white clover (Trifolium repens L.). Initial experiments examined a number

of strains of each species for their RNE in response to N for the grasses
and P for the legumes. Subsequent experiments compared strains of both
grass species in response to N and legume species in response to P together
with the effects of climate. Measurements were made of dry matter yields,
shoot:root ratios, N absorption and utilization, and in 2ddition for
legumes their N fixing activity and P absorption and utilization.

A final experiment examined climatic paramaters affecting RNE of two
strains of white clover in response to P and their relative abilities to
remobolize and re-utilize N and P in younger compared to older tissue.

Results of all experiments showed differences in RNE among strains of
each species. They also showed that RNE is dependent upon climate, with high
RNE generally being expressed under conditions most favourable for maximum
growth.

A bred strain of Yorkshire fog - Massey Basyn, was fFound to provide
high yields relative to others at low levels of N. This was attributed to
its greater ability to absorb and utilize N. Among perennial ryegrasses
Mangere strain possessed low RNE under a TS/HOOC day/night temperature and
200 Wm2 light intensity due to its inability to absorb N through restricted
root development. Comparison of the most efficient strains of Yorkshire
fog and peremnnial ryegrass showed that they did not differ in RNE and it
is concluded that the 'low fertility' classification of Yorkshire fog
is unwarranted.

The initial experiment with Lotus identified strains differing in RNE
but this finding was not confirmed in the subsequent experiment. A strain of
white clover from the Netherlands (Tamar) was found in two experiments to have
high RNZ through providing high yields at medium to high levels of P. In the

final experiment where Tamar was compared with Huia white clover, its greater RNE
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was due to a greater ability to absorb and utilize N and P, to remobolize
N and P from older to younger tissue and to mobolize soluble sugars from
shoots to roots.

Comparison of the most efficient strains of white clover and Lotus
showed that the former responded better to high levels of P.

It is concluded from this series of experiments that genetic variability
exists among the species studied and that their differing RNE could be

exploited to bring about economies in the use of fertilizers.



iv

ACKNOWLEDGEMENTS

The author wishes to acknowledge the Ministry of Agriculture and
Fisheries for the provisioﬂ of a study award which enabled this study to be
undertaken.

Grateful thanks is given to Professor B.R. Watkin, Agronomy Department,
Massey University and Dr R.H. Jackman, Grasslands Division for the very
helpful advice and support given throughout this study.

The assistance of Mr A. Hardacre and his staff of Plant Physiology
Division and that of various members of the staff of the Agronomy Department,
Massey University in the conduct of experiments is acknowledged. So also is
the assistance of Dr R. Hazlewood of Plant Physiology Division for completion
of the sugar analyses, Mr P, Nes of Grasslands Division and Mr J.L. Grigg of
Invermay Agricultural Research Centre for completion of some of the N and P
analyses.

The author wishes to record his appreciation to Dr G.J. Jowett and
Mr P. Johnstone of Invermay Agricultural Research Centre for the advice and

assistance with the statistical analyses.



TABLE OF CONTENTS
LIST OF FIGURES

SECTION 1

"

2

CONTENTS

INTRODUCTION AND OBJECTIVES
LITERATURE REVIEW
(i) Nutrient efficiency
(ii) Factors controlling nutrient uptake.
(a) Nutrient availability
(b) Root morphology
(c) Nitrogen and phosphate ion
absorption by plant roots.
(d) Entry of nutrient ions into plant
cells.
(e) Micro-organisms and ion absorption.
(f) Effects of plant environment
(iil) Translocation of metabolites and the
source-sink concept of distribution.

(iv) Conclusions

EXPERIMENTAL MATERIALS AND METHODS
(i) Introduction
(ii) Growth medium and potting procedure
(1ii) Basal nutrients
(iv) Seed germination, inoculation and planting
(v) Moisture regimes
(vi) Environments
(vii) Analytical
(a) Nitrogen fixing activity
(b) Harvesting
(c) Carbon, nitrogen, phosphorus and
sugar analyses

(viii) Statistical analyses

SCREENING GRASSES AND LEGUMES FOR RELATIVE

NUTRIENT EFFICIENCY

General Introduction

EXPERIMENT i. Relative nutrient efficiency
of strains of Yorkshire fog in response to

applied nitrogen and phosphorus

12
13
14
14
14

16

17
21
23

27
34

35
36
36
37

37
38
39
39
40

41
41

42
43



SECTION 4 (Ctd)

11 5

Introduction

Experimental

Results and discussion

EXPERIMENT 2. Relative nutrient efficiency
of strains of perennial ryegrass in response
to applied nitrogen and phosphorus
Introduction

Experimental

Results and discussion

EXPERIMENT 3. Relative nutrient efficiency

of strains of Lotus pendunculatus in response

to applied phosphorus

Introduction

Experimental

Results and discussion

EXPERIMENT 4. Relative nutrient efficiency of
strains of white clover in response to

applied phosphorus

Introduction

Experimental

Results and discussion

INTER AND INTRASPECIFIC COMPARISONS OF
EFFICIENT GRASSES AND LEGUMES UNLCER THREE
CLIMATIC REGIMES

General introduction

EXPERIMENT 5. Relative nutrient efficiency
of Yorkshire fog and perennial ryegrass in
response to applied nitrogen

Introduction

Experimental

Results and discussion

Conclusions
EXPERIMENT 6. Relative nutrient efficiency

of white clover and Lotus in response to

applied phosphorus

Page
46

47
48

50
31
52
53

57
57
57
58

63
64
64
65

72
73

74
75
75
76
89

90



SECTION 5 (Ctd)

" 6

”n 7

APPENDICES

BIBLIOGRAPHY

Introduction
Experimental
Results
Discussion

Conclusions

EXPERIMENT 7. A study of the source-sink
concept in relation to the relative
nutrient efficiency of Huia and Tamar
white clover

Introduction

Experimental

Results

Discussion

Conclusions

GENERAL DISCUSSION AND CONCLUSIONS

Page

90
91
92
107
114

115
116
117
118
11377
147

148
156

172



Fig.

Fig.
Figo

Fig,

Fige.

Fig.

Fig.

Fige.

Fig.

Fig.

Fig.

Fig.

Fige.

Fig.

Fig.

Fig.

Fig,

Figo

Fign

2.
3.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

.List of Figures

Typified efficiency in absorption and utilization of applied
nutrient and effect on yield.

Typified types of RNE in yield, absorption and utilization.
Dry matter yields of strainslof Lotus according to level of
P using fitted values.

Fitted curves for P absorption and utilization by strains of
Lotus according to level of P.

Dry matter yields of strains of white clover according to
level of P using fitted valucs.

Fitted curves for P absorption and utilization by strains of
white clover according to level of P,

Fittéd curves for shoot dry matter yields of perennial
ryegrass under the Palmerston North climate, retransformed
from 1, yields and Jﬁ-applied.

Absorption and utilization of N by strains of perennial
ryegrass and Yorkshire fog in response to N under the

Palmerston North climate.

Fitted curves for shoot dry matter yields of perennial ryegrass

under the Taieri climate, retransformed from 1, yields and
N applied.

Absorption and utilization of N by strains of perennial
ryegrass and Yorkshire fog in response to N under the Taieri

climate using fitted values transformed from 1, values.

Dry matter yields of shoots of white clover strains in response

to applied P under the Tara Hills climate.

Dry matter yields of shoots + roots of white clover and Lotus
in response to applied P under the Tara Hills climate.

P absorption and utilization by white clover and Lotus under
the Tara Hills climate using fitted values.

P absorption and utilization by white clover and Lotus under
the Palmerston North climate using fitted values.

P absorption and utilization by white clover and Lotus under
the Taieri climate using fitted values.

Fitted values for ethylene production by white clover and
Lotus in response to applied P under the Tara Hills climate.
N absorption and utilization by white clover and Lotus under
the Tara Hills climate using fitted values.

N absorption and utilization by white clover and Lotus under
the Palmerston North using fitted values.

Diagrammatic sketch of a stolon unit of white clover showing

the method of sampling 'positions' and 'structures'.

Page

59

61

67-68

70-71

82

84

86

87

95

97

101

102

103

106

110

111

119





