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1.2 Lucerne in Australian Farming Systems 
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Winter activity 
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Phase Farming: the benefits of lucerne to cropping rotations 
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Over-cropping or intercropping: a new farming system? 

�;�</8<�664�=��<�4���<8<�664�=�4
���	�<94�=�
5
��9�>3�<���>��
6�84�
��<��=<�>��4��

94C�7<�2�>4�3��3���49��	�9�C494
4�=�8�96�49����<5�4���<�8�4��
�
���3����3�5�

�7�>�4=3���5���=��4;��496�8�
��

�84���:�>4�3�4���</
6�84�
�8�96��4�4���)	�<��4=3�2�

>���<���:��7�<4���
*���78�<���3�
�������;��7���:�4��94C�7<�
�	�<�=<�4��54��:�

496<�;�9���
�4����<��=���	�8<�6
�4�8�7:4�=�9�4B��)���@�<�����:����@�<����G �*2�

	4�=�<�94�����)�3��@�<��4�=�66����:���?�
3�@�<���GG�*���:�
7�	��>�<�),��:��
��
����

�GGJ*���;�</8<�664�=�>3����4�����
����4
3�:��78�<���3�
�������5��

�

�:��5���=7



��
����)�DDD*2��=�����:����
�9�)�GG�*2���=4:
��
����)�GG�*2��8
���79
��
����)�DD��*2�

%<�
�:���:��4�=3�)�GG�*���:�+34���)�G G*�>4�3���>4:��<��=���	�
788�

��

�

�;�</8<�664�=�>3���2���<��5���:����
�4�����
����4
3�:��78�<���6�
�7<��<�:78�:�=<�4��

54��:
��5�D/��I�4����<�3/8���<���&48��<4��)�=�����:����
�9��GG�*���<5�9����<�54��:
�

���>�����;�<8<�66�:���:�9���87��7<��>3����������3�
4
�>�<���E7��2�4:���4	54�=��3��

6�
�/���3�
4
�6�<4�:��
��3��9�
��8<4�48���	�<�8�96��4�4���������
�7:5��	��4<<4=���:�

�78�<�����:�>3���2���=4:
��
���
)�GG�*�4:���4	4�:�8�96��4�4���	�<����
����494�4�=�

	�8��<�	�<�=<�4��54��:�6<�:78�4��2���:��3�5�>�<������������494������3��54��:�6�����5��5�

�66�54�=���	�<�4�4
�<��

�

�7<�3�<�
766�<������3��496�<���8���	����7�<4�4���4���;�</8<�664�=�>3����4�����78�<���

8�9�
�	<�9���=7

��
����)�DDD*2�>3��<�6�<��:���<�:78�4���4��=<�4��6<���4��4���3��

��
��8���	���=<�4��54��:�6�����5���34
�<�
7���>�
��834�;�:�	����>4�=����7�
788�

	7��

� 13



����96�����<�9�;���78�<���>4�3�3�<�484:�
�4���7�79�2����;4�=����78�<���:��
4�5��	�./

�D�6����
F�9�����
7��
�	<�9��=�����:����
�9�)�GG�*���
��
7==�
���3���<�:784�=�

�78�<���6�����:��
4�5�9�5��8���
���7
�	7��9���
����:�8<��
��8�96��4�4��������3��
�7:5�

�5���=7

��
����)�DDD*2�8�96��4�4���	�<��4=3����:��7�<4���
�>�
�<�:78�:�>34�
���3��

�78�<���6����
�<�8�;�<�:�	<�9���
7�/���3���:�
���	�3�<�484:���+34�
���3���66�<�7�4�5����

�;�</8<�6��78�<����<�
��	����>4�=�6��<�
788�

�>4�3��78�<���<�9�;��2��3��:�84
4������

7
��3�<�484:�
����
766<�

�8�96��4�4���	<�9��78�<���4������;�<8<�664�=�
�<���=5�>�
�

����<�
766�<��:��5���;4�
���:�%��6��
�)�DD!*���3��6�
4�4;��<�
7����5���=7

��
����

)�DDD*�>�
���
������	4��:�	<�9���
��
���>4�3�34=3�<�4�	���2����:4�=�����3��

<�8�99��:��4����3����;�</8<�664�=�9�5����9�<��
788�

	7��4��34=3�<�4�	����

��;4<��9���
���

�

�78�<���3�
������
3�>�����<�:78��>4���<�>���<��==4�=�����3������	4���	��;�<
�>��

>3����4���<4��
�>4�3�3��;5�8��5��<�:76��C�
�4�
�4���3��./�DD�99�<�4�	����B�����	�


�7�3�<����>���7�3�+���
�)�8
���79
��
�����DD��*������:4�=�
7<	�8��>���<2�

��
�<;�:����5�4���3��8���4�7�7
�8<�664�=��<���9���2�<�
7���:�4����<�:78�4���4��=<�4��

54��:�	<�9�8���4�7�7
�8<�664�=�)!����F3�*�8�96�<�:����>3�����;�<
�>��4�����78�<���

)!�G��F3�*���3���78�<���F�>3�����;�</8<�664�=�
5
��9�<�:78�:�
�4��9�4
�7<��4��

8�96�<4
������
�6�<����63�
�
��	��78�<�����:�>3���2���8�7
���	��3����;����	�<�83�<=��

�3����887<<�:��7�
4:���	��3���78�<���63�
��)�8
���79
��
�����DD��*���

�

���
�7�3�<���7
�<��4�2��;�</8<�664�=��78�<���>4�3���8�<����4
����4846���:�������7
�:�

>3�<����34=3�6�<8����=���	�6�<���4��
��<��:�
4<�:�4���3��	�<94�=�
5
��9���<�9���

35:<���=48���6�<
6�8�4;�2��34
�	�<94�=�
5
��9�3�
��3���:;����=���	�9�4���4�4�=�

�78�<����DDI��	��3���49�2�<�:784�=��3��<4
@��	�=<�7�:>���<�<�83�<=���3���9�5�

� 14



��3�<>4
���887<�4����63�
��	�<94�=�
5
��9�:7<4�=��3��
�E7��8���	����7���8<�6
�

)�8
���79
��
�����DD��A��4:��5
��
�����DD�*����6�<9�������78�<���6�
�7<��4
���
��

�4@��5����4�8<��
���3������	4�
��	�
�
�E7�
�<��4�����:�496<�;��
�4��635
48���6<�6�<�4�
���

�

�3�<���<����3�<�<��
��
�>35��78�<���9�5����=<�>��4��94C�7<�
�>4�3�6����
�	�<�	��:��<�

	�::�<�6<�:78�4�����78�<���4
�8�99���5��;�<8<�66�:�>4�3�	�<�=��=<�

�
�	�<�

496<�;�:��������4�9�

�6<�:78�4��2��
�	�7�:�4���C�96��
��	��78�<���>4�3�	�<�=��


�<=379�)"7C���
��
�����GG A�$����9
��
�����DD�*2����
�)���4�4
��
�����GGG*���:�9�4B��

)L���79���:�,7���GG�*���;�<
�>4�=�=<�

�
�4�����78�<���	�<�3�5�3�
������
3�>�����

<�:78��>��:�4�;�
4���4��
34���)�4
��
�����DD�*2���:��C���:��3���4	���	��78�<���
���:
�

3��;4�5�4�	�
��:�>4�3�>��;4�
�)"#��!��
66�*�4��
��4	�<�4��)%7���9
��
�����DD�*��

�<�>4�=��78�<���4��
�<46
�4��8������	4��:
�3�
������7
�:����4�8<��
���3��:��
4�5��	�

6<�:���<5�4�
�8�
�)������
���:���8�>�4�=
*��	�"�������!���
66��)���
�3��GGG*���:����

�<�6��#����)��:	<�5���:���4=3��GG'*���:�=<����94<4:
�)�!��$������
�������*)���
�3�

��:�,3����GGJ*2��3�<��5�<�:784�=��3��
�;�<4�5��	��3�
��6�
�
�4��
7<<�7�:4�=�8��������

�

Conclusion 

�34
�<�;4�>�6<�;4:�
�8�96���4�=��;4:��8���3����78�<���>4���6��5���9�?�<�<����4��	7�7<��


�7�3�<���7
�<��4���	�<94�=�
5
��9
��%�<���4��
�
783��
��78�<���6<�;4:����9783�

8��
�<�9��83�����3����:�948�;�=����4����3������7���8<�6
���:�6�
�7<�
2��3�<�	�<��

�		�<4�=���=<����<�83��8���	�6<�:784�=�	��:���:�	�<�=��4����
7
��4������9����<�����

�66�<�7�4�5��C4
�
����4:���4	5��3��4:���56�
�	�<��78�<���4��63�
��	�<94�=���:��;�</

8<�664�=�	�<94�=�
5
��9
2���:����4:���4	5�=�<96��
9��3���9��83�
��3�
��

<�E74<�9���
��

�

� 15



�3��
�8��:�6�<���	��34
��4��<��7<��<�;4�>�)$7963<4�
���:��7<483���DD�*����@
�����3��

6�����4���	�<�496<�;4�=��78�<����5�6������<��:4�=�����;�<8�9���3��6<4�846���

83�����=�
�<�
�<48�4�=�4�
�6<�:78�4���4���3��8<�664�=�B���
��	��7
�<��4��������>4�=��34
�

83�6��<2����4
���	�<�
��<83�E7�
�4��
�4
�	�<97����:������<<�>��3��<��=���	���648
���:�

:4<�8���3��<�
��<83�4���34
�%3���

� 16



New Challenges for lucerne    A.W.Humphries 

CHAPTER 1.4 

Breeding lucerne for Australia’s southern dryland cropping environments 

A.W. HumphriesA,B and G.C. AurichtA

ASouth Australian Research and Development Institute, Adelaide, Box 397, SA 5001, Australia.
 BThe University of Adelaide, School of Agriculture and Wine, SA 5005, Australia.

Australian Journal of Agricultural Research 2001, 52: 153-169 

� 17



P u b l i s h i n g

Australian Journal of Agricultural Research
CSIRO Publishing
PO Box 1139 (150 Oxford St)
Collingwood, Vic. 3066, Australia

Telephone: +61 3 9662 7628
Fax: +61 3 9662 7611
Email: ajar@publish.csiro.au

Published by CSIRO Publishing 
for CSIRO and the Australian Academy of Science

w w w . p u b l i s h . c s i r o . a u / j o u r n a l s / a j a r

All  enquiries and manuscripts should be directed to:

Australian
Journal of
Agricultural
Research

Volume 52,  2001
©  CSIRO  2001

A journal for the publication of original contributions
towards the understanding of an agricultural system

18



O�
������DD� �D��DJ�F��GG�J� DDD'/G'DGFD�FD��.!

�����
%�
��!���
&���2��DD�2���2��.!P��G

������	
��
���	�������
������������
����	������	��
������	
��	����	��	��

��
'�
"� �(!���
�$�
��
��
��!��(�

��7�3��7
�<��4�����
��<83���:���;���69������
�4�7��2�%<49�<5���:7
�<4�
���:���
�7<8�
���7�3��7
�<��4�2�
�:���4:�2�"�C�!GJ2����.DD�2��7
�<��4��

�)��!���� �78�<���4
���:��6/<����:�6�<���4���	�<�=����=79��>4�3����496�<�����<����4��6<�;���4�=�:<5���:�
��4�4�5
4��
�7�3�<���7
�<��4���8<�664�=�<�=4��
�����7���8�<����6<�:78�4���3�
�8<����:���>���</7
��49�����8�2�>3483�4

6��84�=��3��4�:7
�<5�7�:�<��3<�����3<�7=3�<4
4�=�
��4���>���<�����
���:�<�
7������:<5���:�
��4�4�5���78�<���4
���4�=
4�8�<6�<���:�4�� ��8 <�664�=�
 5
��9
���� <�:78��= <�7�:>���<�<� 83�<=��� �:� 496<�;�� �3��
 7
��4���4�4�5��	� =<�4�
6<�:78�4����

�C4
�4�=��78�<���;�<4��4�
�3�;�������:�;���6�:�	�<��3����49���4�:7
�<4�
2�6<49�<4�5�	�<��3���<��
�>4�3�34=3�<�4�	���
�<�4<<4=��4�����3����>�83�����=��4
����:�;���6��78�<��
�
6�84	48���5�	�<�
�7�3�<���7
�<��4���8<�664�=�
5
��9
���34

6�6�<�6<�;4:�
�����8@=<�7�:��4��<��7<��<�;4�>��	��3���<��:4�=�83�����=�
��3����<�����4846���:�4���3��:�;���69�����	
�3�
����>��56�
��	��78�<�����78�<���4
�4�����<�����	��84:48�
�4�
2�>���<��==4�=2�
��4���
�4�
2���:�4����
4;��=<�B4�=�
��3�<� 496�<��������<4�7��
�8�;�<�:�4�8�7:���3����4�4�5��	��3��6����� ���	4C��4�<�=���>4�3��C4
�4�=�<34B��4����:���
<�
4
��������:4
��
�
��3����		�8�� �78�<�����:���3�<�8<�6
�4���3� �<����4�����4����52� �34
�6�6�<��::<�

�
�
�9���	� �3�
�<��:4�=�
 �<���=4�
�� 3���>4 ����� � 7
�:� ��� 
8<����� 78�<��� =�<96��
9�	 �<� ����<��8�
�� �� �3�
�� 
�4��8 ��:4�4��
�� �:
:4
��
�
�

�������$��
* �#+�!��,
 �84:4�52�=<� B4�=2� >���<��==4�=2�
 ��4�4�52��4 �<�=���	4 C��4��2�4�
 �8��� �:�:4 
��
��<� 
4
���8�2

��:�4�=�;4=�7<�

��
'�
"� �(!� ��- 
 �� 
 ��
��!��(�

�

19

A 
NOTE:   

This publication is included on pages 19-35 in the print copy  
of the thesis held in the University of Adelaide Library. 

A 
It is also available online to authorised users at: 

A 
http://dx.doi.org/10.1071/AR99171 

A 

A 
   Humphries, A.W. & Auricht, G.C. (2001) Breeding lucerne for Australia's southern     
   dryland cropping environments. 
   Australian Journal of Agricultural Research, v. 52 (2), pp. 153-169 



1.4 Research Questions 
�
�
�3���/6�<���4��<��7<��<�;4�>�4:���4	4�:�9��5��66�<�7�4�4�
�	�<�	7<�3�<�<�
��<83�������34
�

�3�
4
2��3��6�����4���	�<�496<�;4�=��3��
74���4�4�5��	��78�<���	�<�63�
��	�<94�=���:�

�;�</8<�664�=�>4�������C6��<�:��5��;��7��4�=���:4;�<
��<��=���	��78�<���=�<96��
9�4��

�3�
��	�<94�=�
5
��9
���3��	����>4�=��4
���	�E7�
�4��
�3�
������	�<97����:����:4<�8��

�3��<�
��<83�6<�
����:�4���34
��3�
4
��

�
Aim:����:�	4������4:���56���	��78�<����3���
6�84	48���5�9��83�
��3��<�E74<�9���
��	���

63�
��	�<94�=�
5
��92���:�4:���4	5�=�<96��
9��3���9��83�
��34
�4:���56���

�� +3���4
��3��9�
��
74������>4���<��8�4;4�5�	�<��78�<���4��63�
��<����4��
�)�!/.�

5��<
��78�<���	����>�:��5�!/.�5��<
�8<�664�=*�4��
�7�3�<���7
�<��4���

�� +3���4
��3������<��8���	����<��:�<��=���	��78�<���=�<96��
9����=<�B4�=��5�


3��6���
��3����;����	�����<��8��34=3����7=3����
766�<��6�<
4
���8��4����<=��

6�::�8@
�4���3����
��8���	�
�<48��<����4�����=<�B4�=��

!� +3���4
��3���:�6���4����	���:4;�<
��=<�76��	�=�<96��
9������<��=���	��84:48�

��:���@��4���
�4�
�4�������:�+���

�

Aim: ���:�	4������4:���56���	��78�<����3���
6�84	48���5�9��83�
��3��<�E74<�9���
��	�

����;�</8<�664�=�
5
��92���:�4:���4	5�=�<96��
9��3���9��83�
��34
�4:���56���

�� +3���4
��3��4�	�7��8���	�>4���<��8�4;4�5�����3��
��
�����:4
�<4�7�4����	�3�<��=��

54��:�4��:4;�<
���78�<���=�<96��
9��

�� $�>�7
�	7��4
��3��9��
7<�9�����	��>4���<��8�4;4�5#�4��:�
8<4�4�=�;�<5�>4���</

:�<9����=�<96��
9��

�

� 36



!� 
���8�96��4�4���	�<��4=3�2�>���<���:��7�<4���
����>�����78�<�����:��;�</

8<�66�:�>3�������<�:78�:��5�7
4�=�;�<5�>4���</:�<9�����78�<����

'� 
���=�<96��
9����
���8��:�>4�3�
6�84	48�
��
�����=<�>�3�6����<�
����9��83�

<�E74<�9���
�	�<��78�<���=<�>��4��94C�7<�
�>4�3�>3�����

.� +3���4
��3���		�8���	�>4���<��8�4;4�5����>���<�7
����<��;�<5�>4���</:�<9����

�78�<��
���������7
���E74;�������9�7��
��	�>���<��
�>4���</�8�4;���78�<����

� 37



New Challenges for lucerne    A.W.Humphries 

CHAPTER 2 

Preliminary evaluation of diverse lucerne (Medicago sativa sspp.) germplasm to identify 
new material for livestock and cropping based farming systems in Australia

A.W. HumphriesA,B and S.J. HughesA

ASouth Australian Research and Development Institute, Box 397, SA 5001, Australia. 
 BThe University of Adelaide, School of Agriculture and Wine, SA 5005, Australia.

Australian Journal of Agricultural Research 2006, 57: 1297-1306 

�

� 38



CSIRO PUBLISHING

www.publish.csiro.au/journals/ajar Australian Journal of Agricultural Research, 2006, 57, 1297–1306

Preliminary evaluation of diverse lucerne (Medicago sativa sspp.)
germplasm to identify new material for livestock and cropping

based farming systems in Australia

A. W. HumphriesA,B,C and S. J. HughesA
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BSchool of Agriculture and Wine, The University of Adelaide, SA 5005, Australia.

CCorresponding author. Email: humphries.alan@saugov.sa.gov.au

Abstract. A preliminary evaluation protocol is described of Medicago sativa that enables a diverse range of
germplasm from different winter-activity groups to be evaluated in the same experiment. The protocol was used to
compare the seasonal growth patterns of very winter-dormant M. sativa sspp. falcata and caerulea accessions with
highly winter-active M. sativa ssp. sativa accessions. Herbage production was strongly related to winter activity
in the cumulative first year of growth and in second-year winter months, but completely unrelated in 3 cuts in
the following spring. The vertical measurement of plant height was confirmed to be a good indicator of herbage
production in winter, but neither stem height nor length were good indicators of spring production.

The preliminary evaluation protocol identified highly winter-active class 10–11 germplasm with high winter
production and excellent recovery after cutting, and accessions of M. sativa sspp. caerulea and falcata (winter
activity class 1) with excellent spring and summer production. These wild relatives of lucerne have great potential
to increase the area of cultivated M. sativa in Australia, largely as a component in pasture mixtures. They also offer
improved quality traits over winter-active Lucerne, including a higher leaf to stem ratio, and a lower stem thickness
and internode length.

Additional keywords: alfalfa, genetic resources, lucerne in pasture mixtures, rotations, dryland salinity.
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in southern Australia
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Abstract. The persistence of a diverse group of lucerne (Medicago sativa sspp.) germplasm was evaluated under farmer
management across a range of acidic and neutral-alkaline soils at 8 sites in South and Western Australia. Dryland field trials
were sown in parallel with commercial lucerne paddocks being grown in rotation with cereal crops, remaining unfenced
and under management by the farmer for the life of the stand. The combined differences in soil type, grazing management,
and low rainfall contributed to large differences in average lucerne persistence between sites in South Australia and Western
Australia. After 3 years, plant frequency (a measure of plant density used to monitor persistence) averaged 17% (at least
17 plants/m2) on the strongly acidic soils in Western Australia and 30% on the neutral-alkaline soils in South Australia
(at least 30 plants/m2). Differences in persistence were attributed to the combined stresses of soil pH, drought conditions,
and grazing management. Genetic correlation analyses between sites failed to show any clear patterns in the performance of
entries at each site, except for a high correlation between 2 South Australian sites in close proximity. Highly winter-active
germplasm was less persistent than other winter activity groups, but was higher yielding when assessed in an additional
trial at Katanning, WA. Highly winter-active lucerne (class 9–10) should continue to be recommended for short (2–4 year)
phases in rotation with cereals, and winter-active groups (6–8) should be recommend for longer (4–7 year) phases in
rotations. The results of this evaluation are also being used to identify broadly adapted, elite genotypes in the breeding of
new lucerne cultivars for the southern Australian cropping districts.
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Over-cropping lucerne with wheat: effect of lucerne winter activity
on total plant production and water use of the mixture, and

wheat yield and quality
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Abstract. Two field experiments in southern Australia investigated a farming system of over-cropping wheat
(Triticum aestivum L.) into established lucerne (Medicago sativa subsp. L.) varieties of different winter activity
ratings. The study was completed at Roseworthy, South Australia, and Katanning, Western Australia, between August
2000 and May 2003 in seasons receiving below average and average rainfall. Comparative lucerne persistence and
biomass, wheat biomass, grain yield and protein contents, and soil water contents were measured. Wheat grain yield
was reduced by 13–63% by over-cropping lucerne compared with wheat monoculture. Winter-dormant lucerne
(winter activity Classes 0.5 and 2) reduced the yield penalty compared with winter-active varieties (Classes 6 and
10) in 2 of the 4 evaluations. The positive response to applying N at sowing in the second year of over-cropping wheat
at Katanning was greatest in the most winter-dormant lucerne treatment (winter activity 0.5). Soil water contents
were similar under the lucerne/wheat over-cropping and lucerne monoculture treatments irrespective of lucerne
winter activity. Deficits of up to 43 mm at Roseworthy and 88 mm at Katanning were measured in the 0–200-cm soil
profile at the start of the third summer of the study. The study shows that it can be more efficient in terms of land
area to over-crop wheat into lucerne than to grow monocultures on separate parcels of land akin to phase farming.
The improved productivity of over-cropping is associated with the separation of growth patterns of winter wheat
and summer-active lucerne. This farming system offers great potential for improving sustainability and productivity
in southern Australian cropping rotations.

Additional keywords: pasture, companion cropping, dryland salinity, inter-cropping.
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Companion farming: over-cropping lucerne with wheat 
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