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SUMMARY

The tolerance to waterlogging of eight lucerne varieties was assessed
in tHe glasshouse using three South Australian soils which are prone to
waterlogging during the winter. Four introduced varieties from Russia
and North America, which have a common ancestry in the floodland ecotypes
of central European Russia, were more tolerant than four Australian
registered varieties. Under flooding the introduced verieties were higher
yielding and retained a higher proportion of actively growing plants. The
effect of flooding varied between the three soils, but the ranking of the
response of the varieties was generally similar in all the soils.

In a second glasshouse experiment hybrid populations of crosses between
the four tolerant varieties and the four Australian varieties were inter-
mediate in performance when assessed for yield, shoot production, retention
of meristemmatic activity and a score for leaf colour, senascence and loss.
The population x soil interactions within the flooded treatment were again
generally insignificant.

A group of four parents, two tolerant and two intolerant under glass-
house conditions, and hybrids between these tolerant and intolerant
parents were studied as replicated clones of jindividual plants in a flooded
field experiment conduced during the winter at Meadows, near Adelaide.
Survivors from the previous experiment and unselected control clones were
included. There were few significant differences between the survivors and
the control population when they were compared by measuring components of
plant growth and assessing their appearance.

In the field the tolerant introduced parents were more winter-dormant
than the intolerant Australian varieties and for a number of weeks after
flooding was imposed they suffered less deterioration of their leaf tissue

and the hybrid populations once again were intermediate.
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After prolonged flooding almost all the surviving clones were hybrids and
all the parental clones, except for a small number of one introduced
variety, had been killed.

The most consistent criteria for assessing the tolerance of pop-
ulations and clones in either the glasshouse or field were the retention
of meristemmatic activity and the appearance of leaf tissus. Plant yield
was not a reliable criterion for selection in the glasshouse because the
prevailing temperature and light conditions did not permit resolution of
differences in winter-dormancy. Regrowth after flooding in the glasshouse
was not a suitable index for the selection of tolerant plants. Shoot
production per plant under both flooded and nonflooded conditions reflected
varietal differences in the propensity to produce shoots and plant dormancy
rather than flooding tolerance.

The methods which might be used to continue selection for a lucerne
population incorporating both waterlogging tolerance and other desirable
agronomic characteristics are discussed. The intravarietal variation
expressed by the four introduced varieties and one Australian variety,
'‘Demnat', and the superior performance after preclonged flooding of some
individual clones from first generation hybrids indicate that the breeding
of a waterlogging tolerant variety adapted to southern Australia can be

pursued,



TABLE OF CONTENTS

TITLE

SUMMARY

TABLE OF CONTENTS

STATEMENT
ACKNOWLEDGEMENTS
1 INTRODUCTION
2, LITERATURE REVIEW
2.7, INTRODUCTION
2.2 THE EFFECT OF WATERLOGGING ON THE PHYSICAL AND

CHEMICAL STATE OF 50ILS

2.2.1. The effect of waterlogging on the concentration
of oxygen in the soil

2.2.2, The effect of waterlogging on the oxidation -
reduction potential in soil

2.2.3. The effect of waterlogging on the pH of soil

2.2.4. The effect of waterlogging on the specific
conductance in the soil solution

2.2.5. Changes in the concentration of nutrient ions
and other elements in the soil as a result of
waterlogging

2.2.5.1, Nitrogen

2:.2.5.2. Phosphorus

20205.3, Manganese

2.2.5.4. Iron

2:2.5.9, Other elements

2.2.60 The metabolism of carbon in waterlogged soils

2.2.7. The production of phytotoxic compounds in water-
logged soils

2,2.7.1. Nitrite and nitrous oxide

2:2.7224 Ethylene

10
10
10
11
11

11

11

12



TABLE OF

CONTENTS (Contd.)

2.2.7.3.

2.2.7.4.

2.3,

2'301.

2.3.2.

2,303

2.,3.3.1.
2.3.3.2.

2.3.4.

2'3.5.

2.3.6.

2.3070

2.3.7.1.

2:3:7:2,

2,3.7.3.

2.3.85

2.3.9.

2.4,

2.4.19,

2.4.2.

2.4.3,

Carbon dioxide

Organic acids

THE PHYSIOLOGICAL AND BIOCHEMICAL RESPONSE OF
PLANTS TO WATERLOGGING AND REDUCED OXYGEN
SUPPLY TO THE ROOTS

Introduction

The oxygen demand of root tissue and the physical
and chemical restraints upon supplying that demand

The response of root systems to reduced oxygen
supply

The measurement of soil aeration

The response of roots to reduced oxygen concentration

The response of whole plants and top growth to
reduced oxygen supply

The effect of oxygen deficiency in the roots upon
water absorption and transpiration

The response of nutrient and mineral uptake to
oxygen deficiency and waterlogging

Biochemical changes and production of autotoxic
substances in plants as a result of waterlogging

Introduction

Glycolysis induced by anoxic conditions in the
roots

The effect of waterlogging upon plant hormone
synthesis

The effect of waterlogging upon plant hormone
synthesis

The effect of waterlogging upon nitrogen fixation in
leguminous species

THE ADAPTIVE MECHANISMS OF PLANTS TOLERANT TO
WATERLOGGED SOIL CONDITIONS

Oxygen diffusion within the plant to the roots and
from the roots into oxygen deficient media

The formation of adveniitious root systems and
changes in root distribution

Biochemical adaptation of plants to waterlogged
conditions in the root zone

12

13

13

13

13

15

15

17

17

17

18

18

148

20

20

22

24

24

28

30



TABLE OF CONTENTS {(Contd.)

2.4.3-1.

2.4.3.2.

2.4.3.3.

2.4.3.4.

2.4.4,

2.5.1'
205.1010

2.5.1.2,
2.5.103-

2.5.1.4,

2.5.2.

2.5.2.1,

2.59.2.2,

2.5.2.2.1,
2.5.2.2.2.
2.6,

2.6.1.

296'20

2.6030

2.6040

2.7,

Non- accumulation of toxic ethanol concentrations

The adaptive significance of the activity of
alcohnl dehydrogenase

The adaptive significance of nitrate reductase
and amino acid synthesis

Abscence of precursors of toxic substances

Mineral accumulation in species tolerant to
waterlogging

THE ADAPTABILITY OF SPECIES USED IN AGRICULTURAL
SYSTEMS TO WATERLOGGING, HIGH WATERTABLES AND
FLOODING

The adaptation of lucerne to waterlogging, flooding
and high watertables

The effect of the duration of flocding on lucerne
growth

The sensitivity of lucerne roots to waterlogging
The effect of submersion on lucerne

The effect of waterlogging on iron, manganese
and aluminium uptake by lucerne

The adaptation to high watertables and waterlogging
of species, other than lucerne, which are used in

agriculture

The effects of a high watertable on crop and pasture
species

The effect of waterlogging on pasture species
other than lucerne

L.eguminous species
Graminaceous species
THE ECOLOGY OF LUCERNE

The taxonomy of Medicago sativa and its close
relatives

The distribution of lucerne in the world

The origin of lucerne varieties which are tolerant
to poorly drained soil conditions

The productivity of lucerne ecotypes in Australia

Soils in South Australia which are liable to water-
logging

vi

30

30

32

32

32

33

33

33

34
36

36

37

37

39

39

41

42

42

42

42

44

44



TABLE OF CONTENTS (Contd.)

3.1.2.1,
J.1.2.2.

3.1.2.3.

3.3.2.

3.3.2.1.
3.3.2.2.

3.3.3,

3.3.3.1.
3.3.3.2.

3.3.4,

3.4.

EXPERIMENT 1: THE EFFECT OF WATERLOGGING ON THE
GROWTH OF EIGHT LUCERNE VARIETIES ESTABLISHED

IN THREE DIFFERENT SOILS

MATERIALS

Varieties

Soils

Solodized Solonetz

Groundwater Rendzina

Lateritic Podsol

METHBDS

RESULTS

The overall effect of flooding and soil type on
plant growth

The effect of the flooding treatments and the soils
upon the growth of the eight lucerne varieties

Growth in the non-fleooded treatment

Growth in the flooded treatment

The effect of flooding upon the dry weight: fresh
weight ratio in plant tops and roots

Plant tops
Roocts

The effect of flooding upon the proportion of plants
retaining active apical meristems

DISCUSSION AND CONCLUSIDNS

EXPERIMENT 2: THE EFFECT OF FLOODING IN THREE SOILS
ON THE GROWTH OF HYBRID LUCERNE POPULATIONS DERIVED
FROM CROSSES BETWEEN TOLERANT AND NON-TOLERANT
VARIETIES

PRODUCTION OF HYBRID POPULATIONS

EXPERIMENTAL DESIGN AND METHODS

RESULTS AND DISCUSSION

The overall effects of flooding and soil type on the

average dry weight and the number of shoots per
plant

vii

45

45
45
45
46

46

46

46
49

49

54

54
61

62

62

62

65

65

73

73
5
76

76



TABLE OF

CONTENTS (Contd.)

4.3.2.

4,3.2.1,

4.3.2.2

4,3.3.

4,3.3.1.

4,3.5.

4.4.

5.2.

5.2.1.

5.2.2.

5.3.3.

5.304,

The overall effect of flooding and soil type upon
the appearance of lucerne plants

Scores for plant appearance

Proportion of plants active at the apical meristem

The effect of flooding and soil type upon the
growth of parental and hybrid populations

Growth of non-flooded contrcl populations
Growth of flooded populations

The effect of flooding and soil type upon the
appearance of parental and hybrid populations

The effect of flooding on the meristemmatic
activity of parental and hybrid populations

DISCUSSION AND CONCLUSIONS

EXPERIMENT 3: THE RESPONSE 0OF SELECTED PARENTAL
AND HYBRID CLONES TO WATERLOGGING UNDER FIELD
CONDITIONS

INTRODUCTION

EXPERIMENTAL METHODS

Selection and establishment of clonal material

Experimental design and measurements
RESULTS AND DISCUSSION

Overall comparison of the selected and control
clones

Comparisons between selected and control clones
with in populations

Comparison of parental and hybrid populations
Selection of individual clones which are tolerant
to flooding and agronomically suitable for
southern Australia

SUMMARY

GENERAL DISCUSSION

The expression of waterlogging tolerance by the
varieties and hybrid populations wich were studied

viii

80

B4

84

B6

94

98

101

101

108

108

108

108

110

113

113

13

17

126

130

132

132



TABLE OF CONTENTS {(Contd.)

602_0

6.3.

6040

The effect of differences between the glasshouse

and field environments on the assessment of
waterlogging tolerance

The morphological and physiological consequences
of waterlogging and the expression of adaptive
mechanisms

Selection of a waterlogging tolerant lucerne
variety which is agronomically suitable for
southern Australia

APPENDICES

BIBLIOGRAPHY

ix

134

137

139

144.

B1



STATEMENT
This thesis contains no material which has been accepted fox
the award of any other degree or diploma in any University and that,
to the best of my knowledge and belief, this thesis contains-no
material previously published or written by another person, except

when due reference is made in the text of the thesis.

IAN Do KAEHNE

APRIL, 1976.



xi

ACKNOWLEDGEMENTS

I wish to thank Drs. R. Knight and A.J. Rathjen for acting as
superviscrs and for their advice and helpful criticism during the
experimental programme and preparation of the manuscript; Miss
B.M. Martin and Messrs. R.S. Britton and C.S. Morner for assistance
in the experimental programme; Messrs. J.V. Ellis and R. Kenyon and
Mrs. P. Woods for assistance in computing the analyses, and my wife
Mrs. A.M. Kaehne for typing the manuscript.

I also wish to thamk the former Director of Agriculture,

Mr. M.R. Irving and the Acting Director of Agriculture and Fisheries,

Mr. H.P.C. Trumble for permission to undertake and complete these
studies; and the Australian Wool Corporation for financial grants through
the Department of Agriculture and Fisheries for personnel and equipment.

My thanks is extended to Mr. D.G. Hampton and his family of
Meadows, South Australia, who allowed the use of part of their irrigated
pasture land and equipment for the field experimentation in this study.

I am deeply appreciative for the encouragement and understanding

of my family, friends and colleagues during the course of my candidature.





