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Newsletter Announcements and Instructions 
 
The Lotus Newsletter has been published annually since 1971 by Dr. W.Grant, Dr. R.McGraw 
and Dr. P.Beuselinck, and it will be published by INIA, Uruguay in the future. It is intended as 
a worldwide communication link for all those who are interested in the research and 
development of Lotus species. Persons interested in lotus improvement, genetics, molecular 
biology, microbiology, production, marketing, or utilization are invited to contribute to the 
Lotus Newsletter. Previous issues may be used as a guide. It is expected that the work reported 
will be developed further and formally published later in refereed journals. It is assumed that 
contributions in LN will not be cited unless no alternative reference is available. 
 
The web site is under transformation, since it will host two databases. The first database will 
be implemented for year 2004 and it will consist of all researchers’ information. The second 
database for the Literature will be built throughout year 2005. I would like to encourage 
everybody to make contributions to the list of bibliography for next year. 
 
Acknowledgement 
 
I would like to express my gratitude to Dr. Paul Beuselinck and Dr. William F. Grant for their 
permanent support and advice. We can provide electronic copies of all articles that are not 
available on the web, since Dr. Paul Beuselinck donated all his collection of LN issues. 
Thanks to Dr. Trevor L. Wang for his suggestions to improve the web site and to develop the 
“Lotus Network” (collective email list). 
 
The priority of the Newsletter has been the update of the recipient list. I am pleased to inform 
that the registration increased from 119 researchers by the end of 2003 to 168 researchers in 
September 2004.  Thanks to all for helping me with this task.  
 
I would like to indicate that the session about Lotus literature is a merit of contributors. It is 
necessary to highlight the contribution of Dr. Jens Stougaard, who supplied an extensive list of 
bibliography since 1998, including manuals and reviews; Andrea Pedrosa-Harand, who sent 
the electronic publications and their web links; Søren Bak, Richard Leep, Yousef 
Papadopoulos, Trevor L. Wang, for providing the latest articles published; P.S. Nagar, who 
sent the latest publications as well as future book chapters;  Mariana Kade, who works at the 
present time with wheat and sent her last publications about Lotus;  William F. Grant, who is 
permanently contributing with information. 
 
The life of the Newsletter depends on the contributions. Therefore, many thanks to all 
contributors and those that wrote the summary about their activities. 
 
What to contribute? 
 
Send us the kind of information you would like to see in LN. 

- Contributions should be current, scholarly, and their inclusion well-justified on the 
grounds of new information. 

- Results of recently concluded experiments, recent additions to germplasm collections, 
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information on new or tentative cultivars with descriptions. We want to include an 
adequate cultivar description, including disease reactions and origin if possible. 

- Notes on acreage, production, varieties, diseases, etc., especially if they represent 
changing or unusual situations. 

- Genome maps and information on probe-availability and sequences, and populations 
synthesized for specific traits being mapped. Glossy black and white prints of maps 
should be included, if possible. Partial maps can also be submitted. 

- Short reports of workshops, conferences, symposia, field days, meetings, tours, 
surveys, network activities, and recently launched or concluded project. 

- Details of recent publications, with full bibliographic information and short reviews. 
- Personal news (new appointments, awards, promotions, change of address, etc.) 

 
How to format contributions 
 

- Include the full address with telephone, fax, and e-mail numbers of all authors. 
- Keep the items brief – remember, LN is a newsletter and not a primary journal.  
- Give the correct Latin name of every crop, pest, or pathogen at the first mention. 
- If possible, table should fit within the normal typewritten area of a standard upright 

page (not a ‘landscape’ page). You may include figures and photographs (black and 
white or color). Please send disk-files (with all the data) whenever you submit line 
figures and maps. 

- Supply the essential information: round off the data-values to just one place of decimal 
whenever appropriate, choose suitable units to keep the values small (e.g. use tons 
instead of kg).  

- All lists of references should have been seen in the original by the author and year. 
Provide all the details such as author/s, year, title of the article, full title of the journal, 
volume, issue, and page numbers (for journal articles), and place of publication and 
publishers (for books and conference proceedings) for every reference. Incomplete 
references will not be accepted. 

- The language of the Newsletter is English, but we will do our best to translate articles 
submitted in other languages. Authors should closely follow the style of the reports in 
this issue. Contributions that deviate markedly from this style will be returned for 
revision, and could miss the publication date. If necessary, we will edit 
communications so as to preserve a uniform style throughout the Newsletter. This may 
shorten some contributions, but particular care will be taken to ensure that the editing 
will not change the meaning and scientific content of the article. Wherever we consider 
that substantial editing is required, we will send a draft copy of the edited version to 
the contributor for approval before printing. 

- Contact the Editor for detailed guidelines on how to format text. 
 
Material may be submitted at any time during the year. Deadline for Volume 35 will be 30th 
June 2005. Please send all contributions and request for inclusion in the recipients list to: 
 
Monica Rebuffo, Lotus Newsletter Editor, c/o INIA La Estancuela, 70000 Colonia, Uruguay 

Email lnl@inia.org.uy  Fax +598-574-8012   
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Personalia 
 
 
Welcome to the new subscribers of the Lotus Newsletter: P.S. Nagar – India; Graeme Sandral 
and Mike Ewing – Australia; Nazhar-Ezzamane Noureddine – Algerie; Sangho Jeong, Jeffrey 
Dukes and Ann Hirsch – USA; Diego Risso, Walter Ayala, Georgget Banchero, Federico 
Condon, Martin Jaurena and Alejandro La Manna – Uruguay; José Manuel González, Ana 
María de Haro, Gabriela Martinoia, Ana María Castro, Mariana Melchiorre, Rodolfo Mendoza 
and Pedro Insausti – Argentina; Jeremy Murray, Martina Stromvik and Ken Richards – 
Canada;  Juan Ramón Acebes Ginovés and Felicia Oliva Tejera – Spain; Francesca Cardinale 
– Italy; Katharina Pawlowski – Germany; Makoto Hayashi and Shinji Akada – Japan; Adem 
Kamalak – Turkey; Peter Kemp – New Zealand; Nick Brewin – United Kingdom. 
 
Robert B. McDougall died in 2003.  He was a graduate of the University of Saskatchewan, 
Saskatoon, Saskatchewan. He had a farm south of Edmonton, Alberta where he raised cattle 
and grew Lotus corniculatus as well as other experimental plants that had economic 
potential. He collaborated widely with many scientists in this endeavor on a number of 
crops. One collaboration was with W. F. Grant in which sulfonylurea resistant birdsfoot trefoil 
germplasm was developed. [Grant, W. F. and McDougall, R. B.  1995.  Registration of a 
sulfonylurea resistant birdsfoot trefoil germplasm.  Crop Science 35: 286-287.] 
 
Several Lotus researchers have been recently reassigned or no longer work on the subject. Dr. 
Susan Wijting – The Netherlands, is presently working with fish; Dr. Carroll Vance – USA, do 
not have much research on Lotus at the present time, and most of his effort is directed towards 
Medicago, Lupinus and Phaseolus; the current research interest of Prof. Krystyna M. 
Urbanska – Switzerland, are focused on restoration ecology in high elevation ecosystems; Dr. 
Søren Borg, Leif Schauser and Gerhard Saalbach – Denmark, Olga Correa – Argentina, Dr. 
Helmi Schlaman – The Netherlands, are no longer working with Lotus. 
 
The following personal information has been updated during the current year: Said Amrani – 
Algerie; Richard Leep, Joe Kirkbride, Joe Brummer, Gary Stacey, C.Jerry Nelson, James 
English, Gustavo Caetano, David Belesky and Nathan Hartwig – USA; David John Bertioli – 
Brazil; Ana Arambarri – Argentina; Daniel Real and Ariel Asuaga – Uruguay; Bjarne 
Jochimsen – Denmark; Andrea Pedrosa-Harand – Austria; Bernie Carroll - Australia; Niels 
Sandal, Kirsten Gausing – Denmark; Mark Robbins – United Kingdom; William F. Grant – 
Canada; Martin Parniske – Germany; Emanolis Flementakis – Greece. 
 

v 
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The Lotus Newsletter 1986 (No. 16) to 2001 (No. 32) 
 
 
 
PAUL R. BEUSELINCK*

Research Geneticist, USDA-ARS, Plant Genetics Research Unit, 207 Waters Hall, University 
of Missouri, Columbia, MO 65211, U.S.A. 
http://www.psu.missouri.edu/lnl/
* Corresponding author.  
 
When I started my Lotus career in 1980, I was very fortunate to have access to the Lotus 
Newsletter volumes that Dr. Bill Grant had published since 1970. I used those volumes 1-10 to 
get a perspective of the breadth of current Lotus research conducted internationally. After I 
had been in Lotus research for a few years, Dr. Grant indicated that he was looking for 
someone to take the editorial reins for a while. In 1985, Dr. Robert McGraw and I worked 
very closely on Lotus, even though he was located in Minnesota and I was located in Missouri. 
So we mutually agreed to share the editorship. Our first volume was the 1986 volume 16. We 
continued to co-edit the three volumes (vols. 16 – 18), before I took the sole responsibility for 
the next 13 volumes (vols. 19 – 32). 
 
Our first attempts at editorship resulted in no real changes to the format as conceived and 
delivered by Dr. Grant. But sometime in the mid-1980s, the electronic revolution started with 
word processors, personal computers, laser printers, and magnetic disks. These new 
innovations gave us the chance to take contributions and bibliographic searches and restyle 
them into a common format. The changes that technology allowed were incorporated in the 
published volumes until 1995. In 1996 the costs of publishing and mailing concurrent with the 
widespread acceptance of the World Wide Web, instigated the web-based publication 
maintained at the University of Missouri, Columbia, Missouri 
(http://www.psu.missouri.edu/lnl/). From 1996 until 2001 (Vols. 27-32), the Lotus Newsletter 
was published on the web although I also managed to add previous volumes (Vols. 23-26). I 
believe the move for the Lotus Newsletter in 1996 from printed to electronic form was a 
difficult transition for many Lotus researchers and libraries. As humans, we like having hard 
evidence of our work or communication. Receiving the most recent printed copy of the Lotus 
Newsletter annually reaffirmed a bond among the Lotus researchers that I believe was lost 
with the electronic version. That bond was never stronger than when the 1st International Lotus 
Symposium was organized. 
 
As editor of the Lotus Newsletter, I was privileged to observe the wide breadth of the research 
that was conducted around the world. Using that perspective, I chose to try to get the 
international body of Lotus spp. researchers together in order to share our research and 
insights. The outgrowth of our combined energies was the 1st International Lotus Symposium 
that was held in St. Louis, Missouri, 22-24 March 1994. A natural outgrowth of the 
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symposium was a compilation of the research into a special publication “Trefoil: The science 
and technology of Lotus” published in 1999 by the Crop Science Society of America.  
 
The cover illustration was changed starting with L. edulis in Volume 23.  The illustrations 
used through Volume 32 were created by María Alejandra Migoya who works with Ana 
Arambarri in Argentina. They were most gracious in letting me use the illustrations. Maria’s 
illustration of L. corniculatus also graces the cover of “Trefoil: The science and technology of 
Lotus.” 
 
The advances in Lotus science are documented in the pages (printed or web) of the Lotus 
Newsletter. The most common Lotus spp. reported were L. corniculatus, L. glaber, and L. 
uliginosus, usually involving agronomy, pathology, and physiology.  Other, lesser known, 
Lotus spp. received ample attention from reports on evolution, taxonomy, and germplasm 
collections of the Lotus spp. Within the volumes of the Lotus Newsletter, you will find the first 
indications of a biotechnology revolution that would eventually identify L. japonicus as a 
model genetic system syntenic to other organisms. 
 
One of the strengths of the Lotus Newsletter is the extensive bibliographic listing published 
every year. Many Lotus researchers work at locations or institutes where access to recent 
literature is difficult. The bibliographic listing provides a citation and abstract, if available. 
 
I sensed a tangible loss when I was reassigned from Lotus research into soybeans in 2001. I 
miss the interaction and camaraderie with the many Lotus researchers I met and 
communicated with as editor for the Lotus Newsletter. The Lotus spp. comprise a fascinating 
genus, but  no more fascinating than the cadre of scientists that has researched and compiled 
their knowledge about Lotus.  
 

Highlights of volumes 16 – 32. 
 
Volume 16. Several authors reported on botanical or chemical characteristics with interests in 
the origin, evolution, and adaptation of Lotus spp. Other papers reported physiological and 
reproductive observations on L. glaber, L. corniculatus, and L. uliginosus.  
 
Volume 17. In 1986, rust was reported as being a new disease on L. corniculatus and L. glaber 
in Argentina. Several reports covered germplasm evaluations, genetic studies, and gene 
nomenclature.  
 
Volume 18. Several reports reviewed the agronomic importance of L. glaber and L. 
corniculatus in Argentina. Cytogenetic and agronomic reports were received from Canada and 
Italy. Plant bug pests affecting L. corniculatus seed production were recognized in another 
report.  
 
Volume 19. A considerable number of reports demonstrated the breadth of Lotus research 
across North and South America. Reports covered chemical defenses, reproduction, 
pollination, physiology, and agronomy topics. 
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Volume 20. Reports on evolution of Lotus spp. in the French Alps and a plant exploration in 
Morocco offered new insights into Lotus speciation. Other reports covered tannins, taxonomy, 
germplasm, physiology, and agronomic topics. 
 
Volume 21. Two reports covered tissue culture successes making somatic hybrids between 
Lotus and soybean (Japan) and herbicide tolerance selection (Canada). These were the first 
Lotus contributions in the new area called “biotechnology.” Agronomy, evolution, and 
flavonoid research rounded out the remaining reports. 
 
Volume 22. More biotechnology reports were made in this volume and one was suggestive of 
L. corniculatus becoming a model plant system for genetic studies. Research in Australia was 
highlighted, but reports from Argentina, United Kingdom, Japan, Canada, and the United 
States demonstrated the international efforts on Lotus spp. 
 
Volume 23. Additional reports from Australia were presented in this volume. Biotechnology 
reports on transformed L. corniculatus were received from China and the United Kingdom, 
while Japan reported on the somatic hybridization of Lotus and rice. The distribution of L. 
japonicus in Korea was reported. Agronomy, pathology, and flavonoid research rounded out 
the remaining reports. 
 
Volume 24. Two reports outlined the use of PCR and RAPDs for Lotus research. A number of 
reports came from Uruguay and Argentina. Three reports described flavonoid or tannin 
research. Pathology, agronomy, and germplasm research rounded out the remaining reports. 
 
Volume 25. This volume was published after the 1st International Lotus Symposium was held 
in St. Louis, Missouri, 22-24 March 1994. The symposium gathered the attention of most 
Lotus researchers and that attention carried over to this volume. A number of reports on L. 
glaber can be found in this volume. Research topics on Lotus spp. pathology, agronomy, 
biotechnology, genetics, and physiology comprise the reports. 
 
Volume 26. This was the last volume published in a hard-copy format. Research topics on 
Lotus spp. germplasm, and L. corniculatus and L. glaber pathology, agronomy, biotechnology, 
genetics, and physiology comprised the reports. 
 
Volume 27. Moving the Lotus Newsletter in 1996 from printed to electronic form was a 
difficult transition for many Lotus researchers and libraries. As humans, we like having hard 
evidence of our work or communication. The number of contributions declined when the 
printed version ended. Still, reports on genetics, agronomy, taxonomy, and biotechnology 
were received.  
 
Volume 28. The majority of the reports came from Argentina and pertained to L. glaber, but 
some included L. corniculatus or L. uliginosus. A report from the International Association for 
Plant Taxonomy report the nomenclature changes for L. glaber (previously L. tenuis) and L. 
uliginosus (L. pedunculatus). 
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Volume 29. Lotus disease and insect feeding reports were contributed from Uruguay and 
Argentina. Plant physiology and chemistry rounded out the remaining reports. 
 
Volume 30. Few reports were received, but all were from Argentina and generally pertained to 
L. glaber. A report on Lotus spp. taxonomy based on seedling comparisons was included. 
 
Volumes 31 and 32.  Only two reports were received for these volumes. One pertained to 
cultivar differentiation in L. glaber and the other to the dispersal of L. japonicus in Korea. 
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Seed production potential in birdsfoot trefoil 

(Lotus corniculatus L.) 
 

 
SINDHU SAREEN
Indian Grassland and Fodder Research Institute, Regional Research Centre, CSKHPKV 
Campus, Palampur 176062 (HP) India 
 
 

Abstract 
 
Lotus corniculatus (birdsfoot trefoil) is a perennial forage legume for pastures and has a high 
nutritive value. It tolerates infertile, acidic, drought or wet soil conditions. It does not cause 
bloat even if grazed directly, because of the presence of condensed tannins. It is palatable 
nutritious, high in protein and very digestible to cattle, sheep and horses. Compared to other 
pasture species, the forage quality and protein content remains high for longer periods even 
after the plants start going to seed. However, it suffers from low seed yields and pod shattering 
has been found to be a major reason for it. During the present study, eighteen populations of 
Lotus corniculatus were collected from mid hill Himalayas and raised at IGFRI Regional 
Research Centre, Palampur. The populations were compared for their potential to set seed. The 
study revealed that in all populations observed seed set was far less than the expected seed 
yield. Further, it was found that pod shattering is not the sole reason for low seed set in 
birdsfoot trefoil. Other factors, such as the indeterminate period of flowering, flower bud 
abortion, lack of pollination and genetic factors may also contribute towards low seed yield. 

 
Introduction 

 
Lotus corniculatus is a perennial plant though not long lived, that has an extensive root system 
with strong tap root. Under favorable conditions, it may produce up to 100 stems and reach a 
height of 2 – 3 ft. The growth form can range from prostrate to erect with numerous stems 
arising from a well developed crown and branches arising from axils. Leaves are pentafoliate, 
alternately on short stalks with two leaflets at the petiole base resembling stipules.  
 
It is a tetraploid (2n = 24) showing mostly bivalent pairing and tetrasomic inheritance. 
Flowering is indeterminate continuing for long time. Flowers are borne in an umbel at the end 
of a short stem. Each umbel consists of five bright yellow flowers.  Flowers are bisexual and 
are largely cross pollinated by bees. Pressure is exerted by bee on the keel causing the 
staminal filaments to push a quantity of pollen out of tip. The pollen is exerted onto the ventral 
surface of the bee’s thorax and thereby it is carried from one flower to another resulting in 
pollination. 
 
Lotus corniculatus is a forage legume for pastures having high nutritive value. It does not 
cause bloat when direct grazed, because of the presence of condensed tannins. It tolerates 
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infertile, acidic, drought or wet soil conditions. It is palatable, nutritious, high in protein and 
very digestible to cattle, sheep and horses. Even after the plants start going to seed, forage 
quality and protein content remain high for much longer than other pasture species. However, 
it suffers from low seed yields and pod shattering has been identified as a major contributing 
factor. Lack of sufficient yield has prevented its spread (Anderson, 1955; McGraw and 
Beuselinck, 1983; Metcalfe et al., 1957). During this present study, 18 populations of Lotus 
were studied for their seed setting potential and to find out the factors responsible for the gap 
in expected and observed seed yields. 
 

Material and methods 
 
About 25 – 30 plants of eighteen populations of Lotus corniculatus were collected from the 
mid hills of Himalayas and were raised at IGFRI Regional research Centre, Palampur. In each 
population of twenty plants in the field, five plants were marked and data on umbel count, pod 
count and seed count per plant was collected. Data on umbel count and pod count was 
obtained in the field itself. When the plants were in full bloom, umbels on five plants in each 
population were counted and an average obtained. Similarly when plants attained maturity, the 
total number of pods (shattered as well as non shattered) on five plants in each population was 
counted and an average obtained. Ten non shattered pods from each population were removed 
and measured with scale to find out pod size. These pods were opened separately and seed/pod 
counted. 
 
On each marked plant, ten umbels were marked to find ovule count/ovary and ovule fertility. 
For ovule fertility, the young buds from five umbels in each population were fixed in fixative 
(ethyl alcohol and acetic acid in the ratio 3:1) for 24 hrs. Then ovaries were separated and 
mounted in Lewis stain. The cover-slips were pressed gently and unfertilized ovules were 
counted. The buds from rest of five umbels fixed after pollination and fertilized ovules were 
counted.  
 
Pollen fertility and chromosome count of these populations were also worked out using aceto-
carmine squash technique. 
 

Results and discussion 
 
During the present study of 18 populations, it was found that the single ovary in each floret 
contains 20 to 46 ovules and within each population ovule number varied. Ovule fertility 
varied from 60 to 90% in these populations (Table 1). The pods were formed at right angles at 
the end of peduncle in the shape of a birdsfoot. Three to five pods were formed at each umbel. 
The pod size varied from 2.0 to 3.5 cm and each pod contained 14 to 25 seeds (Table 2). The 
total number of pods harvested from each plant varied from 7 to 307. Of these, 5 to 162 were 
shattered (Table 3) and rest were intact i.e. 0.84% to 79.5% were shattered and rest were intact 
(Figure1). The total seed harvested from a single plant varied from 112 to 4935. 
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Table 1. Ovule count and fertility (%) in various Lotus collections. 
 

Collection no. No. of ovules/ovary* Ovule fertility (%) 
L 125 35.4±2.05 86.40 
L 126 37.1±2.32 89.77 
L 127 38.9±1.02 67.57 
L 128 34.0±1.53 79.11 
L 129 37.7±2.00 81.85 
L 132 39.4±1.57 75.29 
L 133 29.4±2.01 66.45 
L 134 36.6±2.13 60.30 
L 135 38.3±0.94 85.29 
L 136 37.1±2.02 86.39 
L 137 37.4±1.91 73.35 
L 139 34.9±1.90 64.75 
L 141 30.9±1.83 84.06 
L 142 35.1±1.93 79.60 
L 391 34.3±1.42 86.32 
W 1 38.9±0.80 73.69 
W 2 39.1±1.08 87.63 
W 3 40.0±0.99 90.50 

*Mean ± S.E. 
 

Table 2. Average data on pod parameters in various Lotus collections.  
 

Collection 
no. 

No. of 
umbels/ 
Plant*  

No. of 
pods/ 
Umbel* 

No. of 
pods/ 
Plant* 

Pod 
size(cm)* 

Seeds/ 
pod* 

Seeds/plant* 

L 125 41±2.91 4±0.2 94±4.1 2.5±0.2 20.0±1.7 1257±91.8 
L 126 52±2.98 4±0.3 119±7.1 2.6±0.1 22.2±2.8 2129±368.3 
L 127 107±4.03 5±0 400±15.0 2.7±0.1 14.6±1.1 4935±409.0 
L 128 45±2.81 4±0.2 102±6.1 2.4±0.2 15.0±1.8 1691±55.4 
L 129 85±6.45 5±0 307±30.0 2.6±0.1 18.8±2.2 3843±293.4 
L 132 77±6.19 5±0 295±15.2 2.8±0.2 21.8±3.0 2835±278.1 
L 133 23±3.17 1.5±0.3 7±1.0 2.1±0.2 13.7±2.5 112±26.0 
L 134 38±3.28 3.5±0.3 71±10.2 2.6±0.1 18.4±1.9 802±55.1 
L 135 58±5.82 4±0.3 150±18.7 2.7±0.1 25.0±3.0 2485±497.5 
L 136 44±3.34 3±0.4 80±9.5 2.6±0.2 22.8±1.5 949±106.6 
L 137 37±2.86 3±0.4 56±7.1 2.6±0.2 16.6±1.9 763±75.3 
L 139 42±6.27 3.5±0.3 76±7.3 2.4±0.2 15.6±1.5 910±316.0 
L 141 39±1.92 3±0.4 66±8.9 2.2±0.1 13.6±1.3 480±45.4 
L 142 53±4.69 4.5±0.2 149±13.2 2.5±0.1 19.2±2.7 1540±299.1 
L 391 45±3.38 3±0.5 80±4.7 2.4±0.1 15.2±2.4 803±72.6 
W 1 29±2.16 2.5±0.5 32±6.4 2.7±0.1 16.2±1.6 133±32.4 
W 2 33±3.81 2.5±0.6 39±5.2 2.7±0.1 20.6±4.0 868±36.0 
W 3 46±4.78 3.5±0.5 92±11.2 2.8±0.1 20.6±1.3 2146±270.3 

*Mean ± S.E. 
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Table 3. Pod shattering (%) in various Lotus collections. 
 

Collection 
no. 

Total no. of 
pods/plant* 

Shattered pods 
/plant* 

% age 
shattering 

L 125 94±4.1 52±3.1 55.32 
L 126 119±7.1 17±3.7 0.84 
L 127 400±15.0 149±8.8 37.25 
L 128 102±6.1 39±6.3 38.24 
L 129 307±30.0 162±27.1 52.77 
L 132 295±15.2 162±10.4 54.92 
L 133 7±1.0 5±1.4 71.43 
L 134 71±10.2 45±6.3 63.38 
L 135 150±18.7 83±8.0 55.33 
L 136 80±9.5 26±4.7 32.5 
L 137 56±7.1 14±2.1 25.0 
L 139 76±7.3 37±3.7 48.68 
L 141 66±8.9 43±3.5 65.15 
L 142 149±13.2 90±8.0 60.40 
L 391 80±4.7 27±1.8 33.75 
W 1 32±6.4 22±4.2 68.75 
W 2 39±5.2 31±3.8 79.49 
W 3 92±11.2 69±6.2 75.00 

*Mean ± S.E. 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 1. Branches of Lotus corniculatus 
bearing shattered and intact pods.  
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During the present study it was found that the ovule count/ovary ranged from 20 to 46 and of 
these 14 to 25 developed into seeds. Earlier, Bader and Anderson (1962) reported that of 20 to 
70 ovules/ovary of Lotus corniculatus, 2 to 35 develop into seeds whilst Hansen (1953) 
concluded that the average number of seeds per pod is 19.  
 
Theoretically each plant has the potential to produce seed equivalent to fertile ovules/ovary x 
no. of pods/umbel x umbels/plant. However, during the present study, it was found that none 
of the populations produced as much seed as expected. Seaney and Henson (1970) reported 
that the gap between theoretical and actual seed yield is enormous. Seed or pod shattering is a 
serious problem in Lotus. Winch et al. (1985) stated that even though seed yields can 
potentially be as much as 750 kg/ha, the average yields obtained in Ontario are around 110 
kg/ha i.e. 85% seed is lost due to shattering. Earlier, Winch and MacDonald (1961) have 
correlated three physiological stages of pod with seed development and shattering. Anderson 
(1955) and Metcalfe et al. (1957) considered relative humidity as the single most important 
factor affecting seed pod shattering. The time of pod shattering is related to the maturity of 
pods (Anderson, 1955; MacDonald and Winch, 1957), the environmental conditions and the 
individual genetic differences of the plants (Metcalfe et al. 1957).  
 
The eighteen populations, which were studied, differed in the extent of pod shattering. This 
concurs with the work of Grant (1996), who reported considerable variation in degree of 
indehiscence among Lotus populations grown under greenhouse conditions. The pod 
shattering in 18 populations ranged from 0.84% to 79.5% but the observed seed yields are 6 to 
37% of expected yield. Even if, the seed loss due to shattering (no. of shattered pods x average 
no. of seeds/pod) is taken into consideration, the observed seed yields are still 8 to 49% of the 
expected yield and on average only 35% seed yield is obtained (Table 4). This suggests there 
is still a gap of 51% to 92% in seed yield attributable to other factors. This can be attributed to 
indeterminate period of flowering and at the time of harvesting all the pods are not at same 
stage of maturity. During the present study, all the populations except L 391 started blooming 
in the month of March and were harvested in May. Since population L 391 came into bloom 
after harvesting of other populations, it was harvested in July. The other factors, which could 
be responsible for low seed yields are flower bud abortion, lack of pollination and genetic 
factors. Another interesting feature that emerges from the present study is the enormous 
variability among populations. Significant variability for pod shattering, number of 
umbels/plant was recorded. In the future this can be exploited for isolation of lines with lesser 
pod shattering and higher seed yield. 
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Table 4. Expected and observed seed yield/plant in various Lotus collections.  
 

Seed yield/plant Collection 
No.  Expected 1 Observed 

Seed loss 
due to 
shattering3  

Expected 
seed yield 2

Gap (%) in 
seed yield 

L 125 5016 1257 1040 3976 68.4 
L 126 6928 2129 377 6551 67.5 
L 127 14063 4935 2175 11888 58.5 
L 128 4842 1691 585 4257 60.3 
L 129 13115 3843 3046 10069 61.8 
L 132 11421 2835 3532 7889 64.1 
L 133 674 112 68 606 81.5 
L 134 2935 802 828 2107 61.9 
L 135 7577 2485 2075 5502 54.8 
L 136 4231 949 593 3638 73.9 
L 137 3045 763 232 2813 72.9 
L 139 3318 910 577 2741 66.8 
L 141 3035 480 585 2450 80.4 
L 142 6671 1540 1728 4943 68.8 
L 391 3996 803 410 3586 77.6 
W 1 2080 133 356 1724 92.3 
W 2 2829 868 639 2190 60.4 
W 3 5828 2146 1421 4407 51.3 
Average 5644.7 1593.4 1126 4518.7 64.7 
1 Expected seed yield (1) = Fertile ovule x average no. of umbels/plant x average no. of pods/umbel 
2 Expected seed yield (2) = Expected seed yield (1) – seed loss due to shattering 
3 Seed loss due to shattering = average no. of seed /pod x no. of shattered pods/plant 
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List of Lotus corniculatus (Birdsfoot trefoil), L. uliginosus/ L. 
pedunculatus (Big trefoil), L. glaber (Narrowleaf trefoil) and L. 

subbiflorus cultivars.  
 Part 1. Cultivars with known or tentative country of origin. 

 
 
WILLIAM F. GRANT
Department of Plant Science, P.O. Box 4000, Macdonald Campus of McGill University, 
21,111 Lakeshore Blvd., Ste. Anne de Bellevue, Quebec H9X 3V9, Canada 
 

Table 1.  Birdsfoot trefoil (Lotus corniculatus) cultivars and germplasm. 
 

Cultivar   Characteristics 
AC Langille Canada. Superior to Leo in forage yield and seedling vigor in Atlantic 

Canada. 

AG-S4 USA. Autogamous plant, no breeding vigor depression compared to MU-
81; prolific seed producer; PI 566818 (Steiner, 1993) 

Agrosan Trueno Uruguay, registered in Italy 

Albena Italy 

Alina Romania 

Ames 654 USA. PI 340799 

Anneforsdammena  

Anta  

ARS-2620 USA. First birdsfoot trefoil cultivar with rhizomes, excellent plant vigor, 
improves long-term stand persistence (Beuselinck and Steiner, 1996). 
Named Steadfast; PI 542503 

ARS-2622 USA. Rhizome-producing population with a broad genetic base; USDA-
ARS and Missouri Agric Expt. Station; PI 631492 

Au Dewey USA. Prostrate growth habit, good vigor and adaptation; excellent stand 
persistence; tolerates low pH; high yield potential in southeast US; Alabama 
selection; developed at Auburn University; PI547080 

Ayaksa  

Baco Italy 

Balkányia  

Bästhulta  

Bérbaltavária  
aCultivars given in Eurisco (http://eurisco.ecpgr.org). 

(Continued)
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Table 1.  (Continued) 
 

Cultivar   Characteristics 
Biria  

Bokor Yugoslavia (Nikolic et al., 1997) 

Bonnie France 

Borbányaia  

Boronkaia  

Bosnalotus Yugoslavia 

Bull Canada. Leo characteristics; higher yielding, high survival under soil 
compaction; eastern Canadian selection developed from synthetics by 
University of Guelph 

Bursztyn Poland. PI 255176 

CAD USA. Missouri, germplasm selected for drought resistance from MU-81 
germplasm PI 570669 (Beuselinck and Steiner, 1994) 

Carroll USA. Iowa, Winter-hardy pasture type; more upright and maturing slightly 
earlier than Empire; good seedling vigor, adapted to imperfectly drained 
soils; Iowa-developed; PI 600727 

Cascade USA. Early maturing, semi erect to erect; not as winterhardy as Viking; 
developed from French selections; principal variety for Washington and 
Oregon; PI 421026 

Cateascaa  

Cornelia Germany 

Corona de Rey Spain. PI 518447 

Cotton ‘alien’ UK. Naturalized (Bullard and Crawford, 1996) 

Cree Canada. Seed yield superior to Leo; winter-hardiness comparable to Leo 
and Empire; western Canadian, selected at Saskatoon; PI 592424 

Csárdaszállásia  

Csengeria  

Cserebökényi 
ökotipusa

 

CZEBES99a -  

CZEJES00a -  

CZEPOD00a -  
aCultivars given in Eurisco (http://eurisco.ecpgr.org). 

(Continued)

http://eurisco.ecpgr.org/
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Table 1.  (Continued) 
 

Cultivar   Characteristics 
Dawn USA. Semi-erect Empire type; good forage yields and fall growth, selected 

for increased resistance to root rots and leaf and stem diseases; wide 
adaptation within the North Central US; developed by USDA at Missouri; 
PI 570670 

Debrecenia  

Decubens Greece 

Dedinovskij Russia 

Delpon France 

Dikorastuscija  

Dikorastushchiia  

Dikorostuchiia  

Dinamoa  

Douglas USA. Vigorous, fast growing; an Oregon-European type selection. 

Eddei Russia  (Nikolaichuk and Yalovs’ka, 1996) 

Egervölgyia  

El Boyero MAG Argentina 

Emlyn United Kingdom 

Empire USA. New York State. First birdsfoot trefoil cultivar in North America; 
semi-erect, flowers 10-14 d later than European types; moderately winter 
hardy; selected for persistence 

Erdôbényeia  

Érpatakia  

Estanzuela Ganador Uruguay. Grown in Argentina, Brazil.  

Exact Canada 

Fabio Italy 

Farmosia  

Fedikovskiia  

Fehérgyarmatia  

Fergus USA. Naturalized semi- prostrate ecotype from Kentucky, good seedling 
vigor, disease tolerant; adapted to southeast US; PI 592428 (Taylor, 1985). 

Franco Italy (Mariotti et al., 1984) 
aCultivars given in Eurisco (http://eurisco.ecpgr.org). 

(Continued)

http://eurisco.ecpgr.org/
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Table 1.  (Continued) 
 

Cultivar   Characteristics 
Frilo Italy 

Fülesdia  

Gacsályia  

Gazal Boyn Uzu Turkey. PI 383686 

Gelsvis Russia (Mukhina et al., 1972) 

Gelyovila  

Georgia 1 USA. Erect-type Mediterranean germplasm that had persisted for many 
years at Griffin, Georgia; NSL 195509 

Geszterédia  

Ghizdeia  

Giada Italy 

Ginestrino Italy (Verna, 1986) 

Gkeskenylevelu Hungary 

Granger USA. Oregon, Upright growth habit, good seedling vigor; similar forage 
production and winterhardiness to Cascade; same source as Cascade; 
NSL26530 

Gran San Gabriele Italy. Derived from San Gabriele 

Grasslands Goldie New Zealand. Australia 

Gülzower Germany 

Gülzower Hornklee Germany 

Gyömrôia  

H401-4-4-2 Canada. Macdonald Campus, McGill University, Montreal, source of 
resistance to the sulfonylurea  herbicide thifensulfuron-methyl (Du Pont, 
DPX-M6316; Harmony; PI 578075) 

Hoki Belgium, France 

Horuschottenuleea  

Ilisestia  

INIA Draco Uruguay. Erect type, selected for persistency (Rebuffo and Altier, 1997) 

Jaki Hungary 

Jaquari Brazil. PI 260011 

Jatcinskij Russia 
aCultivars given in Eurisco (http://eurisco.ecpgr.org). 

(Continued)

http://eurisco.ecpgr.org/
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Table 1.  (Continued) 
 

Cultivar   Characteristics 
Jiberta  

Jygevaa  

K-30, K-37 Serbia and Montenegro 

KBG Morocco. PI 631539 

Kalo USA. Oregon-selected from Dwarf English variety (L. corniculatus var. 
arvensis ) for grazing, ground cover, and soil erosion; PI 234670 

Kállósemjéniva  

Kemenesszentmárton
ia

 

Királyegyházia  

Kiskôrösia  

Kisszekeresia  

Kölcseia  

Kömörôia  

Komorvoia  

Kubanskija  

Late Roskilde Denmark. PI 237278 

Leo Canada. Quebec, Early spring vigor, good winter-hardiness, and seed yield; 
developed from USSR selection (Morshansk) at Macdonald Campus, 
McGill University, PI 306182 

Lika Croatia 

Listan Russia (Nikolaichuk and Yalovskaya, 1997) 

Livada Romania 

Lotanova Italy 

Lot Poland 

Lota Ötoftea  

Lotar Czechoslovakia 

Lövôia  

Mackinaw USA. More vigorous in seedling stage, higher yielding in mature plant stage 
than Empire; Iowa selected; NSL 85662 

Madison France 
aCultivars given in Eurisco (http://eurisco.ecpgr.org). 

(Continued)

http://eurisco.ecpgr.org/
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Table 1.  (Continued) 
 

Cultivar   Characteristics 
Magyaregregyia  

Magyia  

Maikopskii Russia (Nikolaichuk and Yalovskaya, 1997) 

Maitland Canada. Seedling vigor and forage yield greater than Viking, adapted to fair 
and well-drained soils; University of Guelph selection 

Malejovsky Czechoslovakia. PI 259512 

Mándia  

Mansfield USA. Early cultivar, NSL 26579 

Marcalia  

Mazelovsky Kraja  

Melejovskya  

Mestecanisa  

Mestnyia  

Mezôkeresztesia  

Mezônagymihályia  

Mirabel Canada. Growth habit intermediate to Leo and Viking, developed from 
USSR selection (Moscow) at Macdonald Campus, McGill University 

Mishkovcia  

Mistseviia  

MO-20 USA. Germplasm, forage yields higher or equal in nine states, Missouri 
selection, NSL 13787 

Morshanskii Russia. PI 258467 (Chapurin, 1986) 

Moskovskii Russia. (Mukhina et al., 1972) 

MU-81 USA. Highly heterogeneous germplasm composed of 3 germplasms and 13 
cultivars providing a single genetic source with a broad base, PI 592425 

Nagycenki Hungary 

Nagyecsedi Hungary 

Nagykállói  

Nagyszállási 
(Nyíregyháza) 

Hungary 

aCultivars given in Eurisco (http://eurisco.ecpgr.org). 
(Continued)

http://eurisco.ecpgr.org/
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Table 1.  (Continued) 
 

Cultivar   Characteristics 
Nagyszállási 
(Nyíregyháza) 
ökotipus 

Hungary 

Nagyszekeresi Hungary 

Napkoria  

Napkori ökotipusa  

Nässjöa  

Nasu, No. 2 Japan. PI 286468 

Nemesborzovaia  

Nico Romania 

Nigardelen Norway ecotype 

Norcen (NC-83) USA. Missouri, Broad-leaved, intermediate type; good forage yield and 
winter-hardiness; diverse genetic background provides resiliency to 
different environments within North Central US, PI 592427 

Norfolk UK ecotype 

Nottingham UK ecotype 

Nueltin USA. Minnesota. Broad-leaved, good spring vigor and excellent winter 
hardiness. Developed from Leo for glyphosate tolerance for control of 
Canada thistle; greater seed production, PI 630976 (Ehlke et al., 2003b) 

Nydalaa  

Nyíradonyia  

Nyírbátoria  

Nyíregyházia  

OAC Bright Canada. 2% higher seedling vigor and 0.8% higher herbage yield than Leo. 
Similar maturity and persistence to Leo. Developed at Guelph 

Oberhaunstadter Germany 

Odenwale Russia (Andriyanova et al., 1991) 

Odenwälder Germany. Belgium, France 

Olaszfaia  

Old Town USA. NY State, PI 472006 

Orosia  
aCultivars given in Eurisco (http://eurisco.ecpgr.org). 

(Continued)

http://eurisco.ecpgr.org/
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Table 1.  (Continued) 
 

Cultivar   Characteristics 
Órségi Hungary. Plants develop rapidly, erect type, good yield, winter hardy but 

liable to lodge 

Otocaca  

Otoftea  

Óvária  

Pardee USA. Cornell Univ. developed against fungi, Fusarium wilt; blooms about 
10 days earlier than Norcen, PI 634338 (Viands et al. 2004) 

Pecölia  

Penyigeia  

Periceia  

Perugia 2 Italy. PI 260693 

Pietramalo Firenzi Italy. PI 251528 

Pishik Yonjasia-  

Podgorje K'Mjaka  

Poiana stampeia  

Polbes99a  

Polom Slovakia 

Poltata  

Populatsiaa  

Primorskii Russia (Andriyanova  et al., 1991) 

Pskovskij mestnij Russia 

Pulawska Poland 

Puspokbolyia  

Puszta Hungary 

Quimey Chile 

RG-BFT USA. Photoperiod insensitive and rapid-flowering autogamous stock 
(Steiner and Beuselinck, 2001) PI 613539 

Reus Kedelmia  

Rimnicu Vilceaa  

Rocco Germany 
aCultivars given in Eurisco (http://eurisco.ecpgr.org). 

(Continued)

http://eurisco.ecpgr.org/
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Table 1.  (Continued) 
 

Cultivar   Characteristics 
Rodeo France 

Roseau USA. Minnesota.  Intermediate growth habit between Viking and Empire; 
less winter hardy than Leo, Nueltin, and Carroll, but more hardy than 
Empire, Fergus and Steadfast. Developed from Norcen for glyphosate 
tolerance for control of Canada thistle, PI 630977 (Ehlke et al., 2003a) 

Roskilde Denmark 

Rosnovsky Kraj Czechoslovakia 

Rucheroberger 
Schotenkler 

Austria. PI 231123 

Rumia  

Sacela  

Sacel-Ticeroa  

San Gabriel Brazil. Grown in Uruguay, Argentina, naturalized in Alabama, PI 433923 

San Gabriele Italy 

Simleul Silvanieia  

Skrzeszowicka Poland 

Smolens’kii 1 Russia (Nikolaichuk and Yalovskaya, 1997) 

Somogysimonyia  

Sorkifaludia  

Stadil Kirkebya  

Stanici Russia (Chapurin, 1986) 

Steadfast See ARS-2620. 

Stripe 13 Italy. PI 258446 

Sturovnik Viglasskya  

Susan Italy 

SVKBES99a  

SVKBUR00a  

SVKCER99a  

SVKGEM 98a  

SVKKAR96a  

SVKKRE99a  
aCultivars given in Eurisco (http://eurisco.ecpgr.org). 

(Continued)

http://eurisco.ecpgr.org/
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Table 1.  (Continued) 
 

Cultivar   Characteristics 
SVKPOL 96a  

SVKROH00a  

SVKSIT 97a  

Szabadszentkirályia  

Szabolcs-1 Hungary 

Szatmari Hungary 

Szentesia  

Szentlorincea  

Szentlôrincia  

Szirondia  

Szkrzeszowickaa  

Szombathelyi Hungary 

Szomogytúria  

T-68 USA. Germplasm, 2 to 5 times more tolerant to 2,4-D than Viking, released 
by USDA and Cornell 

Táborski Czechoslovakia. Plants resemble Órségi but have firmer stalk, PI 259513 

Tana G 19670. See Tretana 

Targovistel Bulgaria 

Tatry 9a  

Terminillo Italy. PI 251827 

Timisoaraa  

Tótújfaluia  

Trebiczki Czechoslovakia. Flowers 2 to 3 days earlier than Táborski., PI 259514 

Tretana USA. Winter-hardy in pasture and hay trails in Montana, replacing Tana; 
naturalized selection released by Montana Agr. Exp. Sta. and SCS, USDA 

TREVIG USA. Wisconsin.  High yielding, excellent seedling vigor 

Troubskaa  

Tygevoky Estonia. PI 285278 

Tunyogmatolcsia  

Turgovishtea  
aCultivars given in Eurisco (http://eurisco.ecpgr.org). 

(Continued)

http://eurisco.ecpgr.org/
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Table 1.  (Continued) 

Cultivar   Characteristics 
Turistvándia  

Újfehértóia  

Újszôlôskerti 
(Kállósemjén) 
ökotipusa

 

Ukrkara  

Undia  

Upstart Canada. Leo characteristics; higher seedling vigor; developed from 
synthetics by University of Guelph 

V.Podolyanskiia  

Varzarii de Josa  

Vega USA. California: Erect type selected from San Gabriel by Northrup King 
Co. 

Vega II USA. California: increased seedling vigor, winter growth, and yield 

Vicaria Brazil. PI 260013 

Vigrassky Czechoslovakia (Uhrikova, 1978) 

Vígl'assky Kraja  

Viking USA. Erect, early maturing, 15%-20% greater forage yield persists where 
Empire types may be lost due to competition; adapted to fair and well-
drained soils. Derived from Danish and New York ecotypes at Cornell 
University; PI 310483 

Vilmorina France  

Virginia Syn No 10 USA, NSL 95724 

Wellington Canada; good regrowth 

Viseul de susa  

Vladaiaa  

Vojnica  

Winnar USA. G22514 

WITT USA. Wisconsin.  High yielding, large seeded, excellent seedling vigor 

X 93007-32 China. PI 631598 

Yaki szarvaskerea Reported in Ross and Jones (1985) 

Zamosteava  

Zora Yugoslavia (Nikolic et al., 1997) 
aCultivars given in Eurisco (http://eurisco.ecpgr.org). 

http://eurisco.ecpgr.org/
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Table 2.  Big trefoil (Lotus uliginosus/ L. pedunculatus) cultivars and germplasm. 
 

Cultivar   Characteristics 
Barsilvi New Zealand. Tetraploid similar to Maku.  

Beaver USA. Diploid, smooth or glabrous-leafed, adapted to wet winter and cool 
summers of coastal Oregon and Washington; developed by Oregon Agric. 
Exp. Stn. 

Columbia USA. Diploid, pubescent leaves and stems, adapted to wet winter and cool 
summers of coastal Oregon and Washington; developed by Oregon Agric. 
Exp. Stn. 

Grasslands Maku New Zealand. Tetraploid (2n = 4x = 24); perennial, rhizomatous persisting 
vegetatively; sown on acid infertile soils in coastal regions of eastern 
Australia. 

Grasslands Sunrise New Zealand. Diploid with improved autumn growth, better adapted for 
semi- intensive to intensive grazing.  

Kaiser USA. Diploid, suited as a pasture legume in mixed pasture on the fragipan 
soils of the lower Ohio River valley; developed at Purdue. 

Marshfield USA. Diploid, survives frequent flooding in winter and is tolerant of 
brackish overflows. 

Sharnae Australia. Diploid; morphologically similar to Grasslands Maku, except 
plant is less hairy. More robust and bulky than Grasslands Maku (Bowman, 
1993) 

 
 

Table 3.  Narrow leaf trefoil (Lotus glaber Mill. = L. tenuis Waldst. Et Kit. Ex Wild.) cultivars. 
 

Cultivar   Characteristics 
Aguape Argentina. 

Angostura Uruguay.  

Chajá Plus Argentina. 

Larrañaga Uruguay.  

Los Banos California. 

Matrero Uruguay.  

Pampa INTA Argentina. 

Toba Argentina. 

Tresur Chajá Argentina. Soils within a wide range of pH and salt concentrations (Mujica 
and Rumi, 1999) 
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Table 4.  Lotus subbiflorus cultivar. 

 

Cultivar   Characteristics 
El Rincón Winter annual in Uruguay. Adapted to wide range of soils; low fertilizer 

requirement; slow establishment and initial growth but adapted to 
continuous pasture with excellent persistence. 
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Appendix. 
 
The author would be pleased to have additions or errors brought to his attention.  It would be 
useful to have the origin of the cultivars for which no data have been given.  Further 
information will be published in the Lotus Newsletter as Part 2. 
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Legume Base 

A new resource center of Lotus japonicus and Glycine max – 
 
SACHIKO ISOBE1* and RYO AKASHI   2

1 National Agricultural Research Center for Hokkaido Region, Hitsujigaoka 1, Toyohira, 
Sapporo, 062-8555, Japan 
2 Faculty of Agriculture, University of Miyazaki, Miyazaki 889-2192, Japan 
* Corresponding author. 
 
1. What’s Legume Base 
 
Legume Base (http://www.legumebase.agr.miyazaki-u.ac.jp) was set up in April 2004 as a 
resource center for Lotus japonicus and Glycine max.  The aims of Legume Base are 
development, collection, conservation and offer of the genetic resource of L. japonicus and G. 
max, to facilitate the material utilization by the research community.  
 
Legume Base is organized by a core facility, Miyazaki University, and a sub facility, 
Hokkaido University. Miyazaki University is aimed at the collection, conservation and offer of 
the L. japonicus genetic resource and Hokkaido University is aiming to handle the G. max 
genetic resource. Some parts of the reproduction and investigation of data on characteristic 
features are carried out by following facilities on commission: National Agricultural Research 
Center for Hokkaido Region, Nihon University College of Bioresource Sciences and RIKEN 
Plant Science Center. The foundation of Bean’s Base is supported by the National Bioresource 
Project in Japan (http://www.shigen.nig.ac.jp/shigen/nbrp/nbrp.jsp). 
 
2. Resource type 
 
Lotus japonicus 
 
We distribute two experimental lines, accession lines collected throughout Japan, recombinant 
inbred lines and a root culture system. The activation tag lines and the EMS mutants are being 
developed and reproduced for distribution. 
 
One of the experimental lines, Gifu B-129, was established by Stougaard et al. (1996), and 
another experimental line, Miyakojima MG-20, was established by Kawaguchi (2000). These 
lines are widely used throughout the world. The accession lines were collected throughout 
Japan and donated by Japanese researchers (Figure 1). We have reproduced 90 accessions, of 
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which 53 lines are available for distribution at present (July 2004).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Phenotypes of the Accessions lines. 

 
The recombinant inbred lines, LjMG RILines, were made by crossing Gifu B-129 and 
Miyakojima MG-20 (Figure 2). These lines were self pollinated to the F8 generation at Kazusa 
DNA Research Institute, starting from the F2 seeds offered by Dr. M. Kawaguchi. The number 
of lines in the final set is going to be 205, of which 172 lines are available for distribution at 
present (July 2004). The typing data for a total of 48 SSLP markers distributed along the six 
chromosomes are available from the Kazusa DNA Research Institute 
(http://www.kazusa.or.jp/lotus/RIline/).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 2. Phenotype segregation of the LjMG RI Lines. 

http://www.kazusa.or.jp/lotus/RIline/
http://www.kazusa.or.jp/lotus/RIline/
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The root culture system, super growing roots (SR), was discovered by Akashi et al. (1998a) 
from Lotus corniculatus L., which grows efficiently after removing the above-ground organs 
and cultured in a medium containing no plant hormone (Figure 3). This root possesses high 
regeneration competence. Also, protoplasts can be extracted easily and these protoplasts show 
a vital proliferation. These characteristics are maintained until now after 5 years have passed 
since the discovery (Akashi et al. 1998b, 2000). The SR can be used in physiological 
researches of the root, and also in functional analysis of genes by transformation. 
 

 
Figure 3. A root culture system: Super growing root. 

 
Glycine max 
 
Cultivated accession lines, wild accession lines which were collected throughout Japan, 
RILines between Misuzudaizu and Moshidou Gong 503 and mutants of fatty acid composition 
are being developed and reproduced for distribution. 
 
3. Conditions for providing the resources  
 
The National Bioresource Project provides resources to domestic and foreign researchers on 
the basis of the conclusion of the material transfer agreement (MTA). The MTA form will be 
sent to the researcher by e-mail after the receipt of the request order form. The researcher is 
then asked to return the MTA after filling the necessary items. The requested resource will be 
sent to the researcher after the receipt of the MTA. The user of the resource should clarify that 
the research material was provided by the National Bioresource Project (Lotus japonicus, 
Glycine max) in his/her presentations and publications in the "materials and methods" or the 
"acknowledgment" section. Also, the user of the ‘LjMG RILines’ should mention that the lines 
were established at Kazusa DNA Research Institute. For a resource of which the depositor 
submits a special condition on its use, additional documents will be sent. 
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4. To make an order 
 
The order is accepted through the web site. To make an order and for more detail information, 
please check the web site, 

 
http://www.legumebase.agr.miyazaki-u.ac.jp  
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Lotus research at the John Innes Centre (JIC)  

and Sainsbury Laboratory (SL) 
 

TREVOR L. WANG
Metabolic Biology Department, John Innes Centre, Norwich Research Park, Norwich  NR4 
7UH, United Kingdom 
 
The John Innes Centre has a long and pre-eminent history of research on legumes based 
around the science of nitrogen fixation and the genetics and molecular biology of peas (Casey 
and Davies, 1993). More lately, research on legumes worldwide has focussed on the two 
models amenable to modern genomics analysis, Medicago truncatula (www.medicago.org) 
and Lotus japonicus (www.lotusjaponicus.org). Both the John Innes and Sainsbury Laboratory 
have turned their attention towards these models as well. 
 
At our site on the Norwich Research Park, research on Lotus has concentrated on symbioses, 
both with rhizobium to form nodules and with fungi to make arbuscular mycorrhizae. Much 
effort, however, has also been made to develop platforms to accelerate our own research and 
to help the community. A common component to both the symbioses is signalling and 
extensive work is carried out studying genes involved in the plant signalling pathways that are 
involved, especially in the overlap between the two (Kistner and Parniske, 2002). Three 
groups are involved directly with Lotus: Martin Parniske’s (SL), Trevor Wang’s (Metabolic 
Biology, JIC) and Allan Downie’s (Molecular Microbiology, JIC) and collaborations exist 
between all three groups (e.g. Stracke et al., 2002).  In the Parniske group, the early signalling 
events in arbuscular mycorrhizal interactions are the most important, particularly those that are 
common to both symbioses (Downie and Parniske, 2002). In the Downie group, the centre of 
attention is calcium spiking (and its role in nodulation signalling; Oldroyd and Downie, 2004), 
and mutants affected in early stages of infection thread growth. The Wang group is focused on 
later metabolic events, especially carbon partitioning enzymes such as sucrose synthase (Craig 
et al., 1999).   
 
Trevor Wang and Martin Parniske have collaborated on an exciting new development for 
legumes – TILLING (Targeting Induced Local Lesions IN Genomes; Colbert et al., 2001).  
This technology was pioneered in plants by the Henikoff group in Seattle.  We have developed 
a similar platform for Lotus japonicus over the last three years (Perry et al., 2003). We set up 
an ethylmethane sulphonate (EMS) mutation programme to generate a population of about 
5000 M2 families that would be used in both forward screens and to collect DNA samples. 
The initial ca. 40000 plants were screened for a large number of different phenotypes.  A 
further group of about 1400 M2 families was screened for starch mutants to use in research on 
sugar metabolism (http://www.jic.bbsrc.ac.uk/staff/trevor-wang/starchscreen.ppt). This 
collection has been entered onto a web-accessible database for people to browse and order 
mutants (http://data.jic.bbsrc.ac.uk/cgi-bin/lotusjaponicus/).  In total more than 60000 M2 
individuals have been screened for nodulation-defective mutants. Each M2 family had one 
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representative that was used to collect DNA and this DNA has been employed subsequently 
for developing the reverse genetic, TILLING, tool. 
 
TILLING allows you to identify plants bearing a mutation in your gene of choice. It relies on 
the ability of the CEL1 endonuclease to detect mismatches between normal and mutant DNA 
strands when they are annealed.  CEL1, which can be isolated readily from celery, permits the 
detection of single point mutations of the type induced by chemicals, such as EMS, that are 
conventionally used in mutation breeding programmes. 
 
Using ‘Coddle’ a bioinformatics tool developed by the Seattle groups, regions of your 
favourite gene can be selected where it is more likely that a mutation will cause a change in 
the corresponding protein’s activity. DNA primers can then be engineered to amplify only that 
portion of the gene. The DNA from the M2 individuals represents the whole spectrum of 
variation in the population and is mixed with DNA from normal plants. Special fluorescently-
labelled DNA ‘primers’ are used to amplify specific regions of the known gene in which a 
mutant is desired. The amplified DNA is then heated and cooled to separate and re-anneal the 
strands.  The DNA is then cleaved with CEL1 at the mismatch between the normal strand and 
the mutant strand.  The strands are then separated on a DNA sequencing gel. Since the enzyme 
can only cleave in a single direction, the two cleaved strands have reciprocal sizes that can 
easily be recognised on the gel from their fluorescence and position thus identifying the DNA 
sample and the corresponding plant with a mutation in the gene of interest. This plant is then 
used to study the function of the gene or it can be used directly and incorporated into a 
breeding programme. The whole process can be viewed in cartoon format at 
http://www.lotusjaponicus.org/Illustration.html (remember to have sound on!). 
 
Collaborations like this one underpin much of the work at the Centre and have led to a 
successful bid for an EU Marie Curie Research and Training Network, INTEGRAL 
(www.lotusjaponicus.org/integral), coordinated by Martin Parniske. Its predecessor, LOTUS, 
finished this year and will culminate in the production of ‘The Lotus japonicus Handbook’ that 
details background information and techniques to aid research on this model plant. It is hoped 
that the volume will be published next year. 
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Substitution of Lotus glaber for the dicots of a natural grassland in 

the flooding Pampa of Argentina. 
 

 
PEDRO INSAUSTI
IFEVA – CONICET, Facultad de Agronomía, Universidad de Buenos Aires, Av. San Martín 
4453, CP1417DSQ Buenos Aires, Argentina. 
 
 

Introduction 
 
Gap opening and colonization are considered substantial mechanisms of community dynamics 
(Grubb, 1977). They represent opportunities for new trade-off between the species already 
present or for newcomers to be established. Every new gap represents an available volume of 
resources (light, water and nutrients) for the encircling plants and for new individuals naturally 
dispersed or purposely introduced in it (Tilman, 1982). 
 
The objective of this work was to assess the ability of Lotus glaber to colonize gaps opened as a 
result of dicots death and to appraise the degree to which an individual species is able to fill the 
niche of a whole guild (dicots) and even to enlarge another guild (graminoids). Under the effect 
of livestock grazing, the grasslands of the Pampa lowlands, currently dominated by a rich array of 
grass species, modify their structure leaving way to an increase in cover of dicots (Sala et al., 
1986), most of them introduced species of low forage value. Flooding, a frequent but aleatoric 
disturbance in this area, has the opposite effect, namely, the removal of most of the introduced 
dicots and also of some native herbs (Insausti et al., 1999), resulting in the opening of a high 
number of gaps.  
 
The hypothesis was that L. glaber introduced immediately after gap opening, would outcompete 
the dicots (Tilman, 1982) associated to its ability to fix atmospheric N. Also, this ability would 
enlarge the graminoids niche, more than compensating for the elimination of dicots competition. 
Thus, the hypothesis embodies the assumption that L. glaber would fill the role of a keystone or 
an engineer species in the modified system (Lawton and Jones, 1995; Power et al., 1996). 

 
Materials and Methods 

 
The experiment was carried out in a natural grassland located in flooding Pampa (Argentina). 
Two kinds of manipulations were generated inside an exclosure: 1) removal of dicots with 
herbicide application and 2) introduction of L. glaber, resulting in a combination of four 
treatments: (a) grassland without dicots, (b) grassland without dicots in which L. glaber was 
introduced, (c) L. glaber intersown controls (with dicots) and (d) undisturbed controls, arranged 
in a 2 x 2 factorial randomized blocks design. Six 3 x 6 m experimental plots were assigned at 
random to each treatment. Seeds of L. glaber were intersown one month after herbicide 
application.  
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Seedling density of L. glaber was recorded 10 days after sowing; plant density and the number of 
shoots per plant was recorded three times: 2, 6 and 28 months after sowing. Aboveground living 
biomass was sampled in each plot 12 months after sowing (autumn); the clipped material was 
sorted to dicots, graminoids and L. glaber and was dried at 70 ºC for 72 hours and weighed. Dried 
aboveground biomass from each guild was analyzed for total tissue N. The measure of total 
nitrogen content of plant material was determined with the Kjeldahl-method. Data were analyzed 
by means of the single classification analysis of variance. The density data were transformed by 
the factor √(x+0.5), to attain the ANOVA assumptions. 
 

Results and Discussion 
 
Seedling density of L. glaber 10 days after sowing was similar in plots with dicots or without 
them, but differences in the number of established plants between those two treatments 
progressively increased up to 28 months (Table 1). The number of shoots per plant was larger 
(P<0.01) six months after sowing in plots in which dicots had been killed, but this difference was 
not apparent 28 months after. 
 
Table 1. Plant density and number of shoots per plant of Lotus glaber, 2, 6 and 28 months after 
sowing in plots with dicots or without them. Values followed by different letters are significantly 
different (P<0.05).  
 

Time Plants/m2 Shoots/Plant 
 With Dicots Without Dicots With Dicots Without Dicots 
2 months 210a 306b 1h 1h 
6 months 173c 225d 1.1h 1.7i 
28 months 4f 48g 30j 29j 

 
Twelve months after sowing (autumn), aboveground biomass of L. glaber in plots previously 
treated with herbicides was 25 times higher than in plots with dicots (Table 2). At this time, 
dicots biomass was significantly lower in intersown plots, with herbicides applied treatment, than 
all the others (P<0.01; Table 2). The biomass of grasses was larger in plots in which dicots had 
been killed than in those in which they were not (Table 2). However, grasses biomass in plots in 
which herbicides had been applied as the only treatment (no L. glaber sowing), differ from those 
with L. glaber sown after herbicides application (P<0.05). Total aboveground biomass in this last 
treatment was also larger than all the others (P<0.01; Table 2). Content of N expressed as the 
amount of the element per unit area was higher in graminoids when dicots were killed by 
herbicides application (Table 3). Moreover, N content in total biomass and in graminoids biomass 
was higher in plots with L. glaber, previously treated with herbicides than in the other three 
treatments (Table 3). 
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Table 2. Aboveground biomass (g.m-2) twelve months after sowing (autumn). Values 
are means of six replicates with standard errors in brackets.  

 
 Herbicide 

+L.glaber 
Control 

+L.glaber 
Herbicide Control 

Graminoids 71 (2.2) 39.1 (2.1) 60.7 (1.9) 38 (1.3) 
Lotus glaber 32.4 (1.8) 1.3 (0.2) --- --- 
Dicots 1.6 (0.3) 24.5 (2.5) 5.6 (0.6)  26.3 (0.9) 
Total 105 (5.3) 64.9 (3.3) 66.3 (3.8) 64.3 (2.7) 

 
 

Table 3. Total nitrogen expressed as the amount of the element content per unit area 
(mg.m-2). Values followed by different letters are significantly different (P<0.05).  

 
 Herbicide 

+L.glaber 
Control 

+L.glaber 
Herbicide Control 

Graminoids 1.95a 0.86b 1.54c 0.84b 
Lotus glaber 0.81b 0.03d --- --- 
Dicots 0.12e 1.02b 0.36f 1.12b 
Total 2.88 1.91 1.90           1.96 

 
In these grasslands, L. glaber introduced after gap opening outcompeted the dicots guild. 
Moreover, biomass enhancement of graminoids is interpreted as the result of interaction of the 
facilitation mediated by L. glaber (Quinos et al., 1998) and the release of competition exerted by 
the dicots guild. L. glaber reduces the shortages in N supply and enhances vegetative growth of 
graminoids, resulting in an increase in the competitive ability of this guild. It is on these grounds 
that L. glaber might be considered as a keystone species in the managed grassland. 
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Does Lotus glaber improve beef production at the Flooding 

Pampas? 
 
MIGUEL CAUHÉPÉ* 
Private Researcher and Consultant on Range and Pasture Management, Cereijo 979, 7620 
Balcarce, Prov. de Buenos Aires, Argentina 
* Corresponding author. 
 
Introduction 
 
The Flooding Pampas is an extensive and flat region whose natural grasslands offer an 
appropriate set of nutrients for the beef cow-calf operations. More than 50% of the beef calves 
of Argentina are produced in almost 6 million ha of this area.  Although most of the ranches of 
the Flooding Pampas have introduced some improved technologies regarding cattle and 
grasslands management, the low forage quality in winter, and the frequent and extensive 
floodings it suffers, keep extensive and conservative management as a dominant feature.  
 
The natural grasslands of the Flooding Pampa are dominated by perennial grasses that could 
be classed in two groups according with their seasonal growth: winter-spring grasses and 
summer grasses. Winter growth is limited by low solar radiation and temperature. Growth 
rates of about 4-5 kg MS/ha/day are common. During spring and summer, growth reaches 20-
30 kg DM/ha/day and it extends through the autumn until air temperature decreases (Figure 1). 
Primary productivity of the main forage communities ranges among 6000 and 2500 kg 
DM/ha/year along the soil gradient they grow (Hidalgo and Cauhépé, 1991a). Forage quality 
varies markedly with its minimum values during winter and top quality during spring and 
summer.  
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Figure 1. Forage production of a flooding Pampa grassland 
(Source: Hidalgo and Cauhépé, 1991a) 
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Lotus (Lotus glaber) was introduced long ago in the Flooding Pampa and naturally expanded 
favored by floodings. At present, covers an extense area. Ranchers see Lotus as a valuable 
species and a significant number of researches give some support to this rancher’s opinion 
(Mazzanti et al., 1988; Miñón et al., 1990). Thus, the objective of this review is to evaluate the 
possible impact of Lotus glaber on the beef cattle production of the Flooding Pampas through 
the research results produced on the region.  
 
Could Lotus improve the forage production? 
 
The Nitrogen fixation of Lotus growing in a fescue (Festuca arundinacea) pasture varied 
between 39-42 kg N/ha/year (Refi et al., 1989). Lotus coverage ranged in this experiment 
from 7-24%. As in temperate grasslands nitrogen is related directly to forage production, the 
presence of Lotus is expected to increase the forage production of grasslands. The winter 
forage production of a fescue-lotus mixture (Miñón et al., 1990) almost tripled the daily 
growth rates: of native grasslands: 15 kg DM/ha/day as compared with 4-5 kg DM/ha/day 
(Hidalgo and Cauhépé, 1991a). In other experiment conducted in humid native grassland, 
Hidalgo and Rimoldi (1992) found higher forage production in a pasture with Lotus than 
others without Lotus and attributed this result to the N fixation of Lotus.  
 
Could Lotus improve the forage quality? 
 
Native grassland at the Flooding Pampa has good nutritional quality for breeding cattle all 
year around except during winter. Pigurina et al. (1998) showed that pregnant heifers grazing 
native grasslands of Uruguay lost between 15-20 kg live weight from June through August.  
 
Figures 2 and 3 shows the diet quality of steers grazing a native grassland of the Flooding 
Pampa and the impact of Lotus on the forage quality of a native grassland. It is apparent that 
the main effect of Lotus on the nutritive value of grasslands is during the winter months when 
the diet reaches their poorest nutritional values. Moreover the impact on the pregnant cows 
and especially on pregnant heifers is stressed as a consequence of the high nutrient 
requirements of the final pregnancy and early lactations phases.  
 
Rosso and Chifflet (1991) found an increase of live weight gains of steers grazing a tall 
wheatgrass without and with lotus from 400 g/head/day to 700 g/head/day, respectively. 
Freddi et al. (1991) and Rosso and Gómez (1995) also found improvement of nutritional 
quality related with the presence of Lotus in pastures of the Flooding Pampa. 
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Figure 2. Digestibility and Nitrogen content (%) in diets of steers grazing a native grassland 

of the flooding Pampa (Source: Hidalgo and Cauhépé, 1991b) 
 

Further comments on the possible impact of Lotus on beef production 
 
So far, the available data allows us to tentatively support the hypothesis that the increase of 
Lotus in the Flooding Pampa grasslands will have a positive effect on beef production as a 
result of the expected increase in forage production and in forage quality. Moreover it seems 
to be other processes related to internal parasites on which Lotus genera has anti-helmintic 
effect: the condensed tannins, common in the Lotus genera, would compensates the loss of 
protein absorption as a consequence of the action of internal parasites (Otero 1).  

 
The resistance of Lotus glaber to flooding has been proved by Vignolio and Fernández (1994) 
and Vignolio and Fernández (1997). Lotus plants formed aerenchyma which provided them 
the oxygen necessary to survival and growth under flooding.  Also the lower phosphorus 
requirements of Lotus is an economic advantage o this specie. The response to phospahte 
fertilizers has been erratic (Quadrelli de Escuder et al., 1997).  Resistance of Lotus to soil 
salinity has been shown by Bañuelos and Beuselinck (2003).  
 
Lotus promotion through phosphate fertilization and herbicides, grazing management or aerial 
post-burning seeding (Juan et al., 2000) and sod seeding (Miñón and Colabelli, 1993; Laterra, 
1997) could be a ways to increase its biomass and the beef production in Flooding Pampa 
grasslands.  
 
 
1 OTERO M.J. Efecto de distintas especies forrajeras que contienen taninos condensados sobre 

la productividad  de ovinos parasitados. Monografía. Facultad de Ciencias Veterinarias, 
Universidad Nacional del Centro de la Provincia de Buenos Aires, Argentina. 22 p. 
[Spanish] 
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Figure 3. Effect of Lotus glaber on the forage quality (dry matter digestibility, %) of a 

flooding Pampa grassland (Source: Hidalgo and Rimoldi, 1992) 
 
 
Considering beef cattle management, the nutrition of pregnant premature heifers, especially 
during their last third of pregnancy, the nutritive value of native Flooding Pampa grasslands is 
inadequate in terms of metabolizable energy concentration and protein content (Hidalgo and 
Cauhépé, 1991b; Pigurina et al., 1998).  The use of native grasslands with Lotus has been 
successful to manage this kind of heifers, although no scientific demonstration is available. 
However, it will be necessary to conduct more intensive research to prove the overall 
advantages in beef production of the inclusion of Lotus on native grasslands under the 
Flooding Pampa conditions. 
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Birdsfoot trefoil evaluation at Michigan. 
 
RICHARD LEEP
Crop and Soil Sciences, Michigan State University, W. K. Kellogg Biological Station, 3700 E. Gull 
Lake Drive, Hickory Corners, MI 49060, U.S.A. 
 

Table 1. Experiment description. 
 

Location: Lake City Exp. Station, Lake City 
Design: RCB, plot size: 3 x 23(3 x20 harvested) 
Seeded: May 2001, 12 lbs PLS/A. 
Soil Type: Kent Silt loam 
Cuttings: One in 2001, two in 2002 

 
 

Table 2. 2001 Lake City Birdsfoot trefoil Variety Trial. 
 

  DM tons/acre 
  2003 2002 2001 3-yr. 

Variety Marketer/Breeder 17-Jun 24-Jul Total Total Total Total 
        
AU Dewey public 0.96 0.58 1.54 1.70 0.71 3.95 
Viking public 1.03 0.45 1.48 1.78 0.62 3.88 
Leo Werner Farm Seeds 0.84 0.46 1.30 1.85 0.69 3.84 
OAC Bright Univ. of Guelph 0.97 0.46 1.43 1.77 0.64 3.84 
Norcen public 0.88 0.53 1.41 1.80 0.62 3.83 
Dawn Deer Creek Seed 0.85 0.48 1.33 1.86 0.63 3.82 
Mirabel public 0.85 0.48 1.33 1.74 0.72 3.79 
Empire public 0.85 0.51 1.36 1.68 0.61 3.65 
Georgia One Deer Creek Seed 0.84 0.42 1.26 1.68 0.62 3.56 
Pardee Cornell Univ. 0.78 0.39 1.17 1.59 0.70 3.46 
        
Mean    1.36 1.74 0.65 3.76 
CV    30 9 15 12 
LSD    NS 0.23 NS 0.42 

 
Further evaluation trials: http://www.msue.msu.edu/fis/extension_documents/extpub01.pdf
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Effect of induced polyploidy on some characteristics of seed 
production and quality in Lotus glaber Mill. 

 
 
M.CRISTINA DE PABLO*, MÓNICA S. BARUFALDI, PATRICIA SASTRE, HILDA N. CROSTA, 
MARCELO ESEIZA and LORENA DAULERIO 
Departamento de Ciencias Básicas Agronómicas y Biológicas, Laboratorio Regional de 
Análisis de Semillas y Granos, Facultad de Agronomía de Azul, UNCPBA. 
* Corresponding author. 
 
 

Introduction   
 
In 1998 in the Faculty of Agronomy in Azul, UNCPBA, a research project was initiated aimed 
at the production of artificially induced tetraploids in L. glaber, using colchicine as the 
polyploidising antimitotic agent. In this way, tetraploid germplasm was obtained that derived 
from the chromosomal duplication of seedlings belonging to four naturalised populations 
found in the Province of Buenos Aires (Barufaldi et al., 2000). Chromosomal counts have 
been carried out in this tetraploid population, and they continue to be made in order to verify 
the stability of the ploidy level of different random-crossing cycles derived from it.     
 
The induced polyploids have been used in some forage species such as Dactylis glomerata 
ssp. lusitanica, Lolium perenne, Lolium multiflorum, Trifolium pratense, Trifolium hybridum, 
Lotus pedunculatus and Secale cereale, with the purpose of obtaining improved autotetraploid 
cultivars or to generate interspecific hybrids. In general, the induced autotetraploids in 
ryegrass, rye, clovers and Lotus pedunculatus show better establishment, higher in vitro 
digestibility and forage production, and better performance in response to such adverse factors 
as disease, frost and drought, than the corresponding diploids (Evans, 1955; Ahloowalia, 1971; 
Armstrong, 1974; Simonsen, 1976; Luchini, 1979; Dennis, 1980; Pérez, 1980; Herrera et al., 
1988; Carámbula et al., 1994). 
 
However, gamete fertility of induced autotetraploid plants is reduced compared with that of 
the diploid forms. The cause of this decline and, therefore, of the reduction in seed production, 
is mainly due to meiotic irregularities that lead to the formation of chromosomally unbalanced 
gametes. These gametes are commonly sterile or, on those occasions where their fertility 
permits zygote formation, produce viable abnormal zygotes that give origin to aneuploids of 
reduced fertility.  In the induced tetraploid forms of species like red clover and rye, seed yields 
increased after the first generations, due to a both natural and artificial selection. Nevertheless, 
seed production was considerably lower than in similar diploid forms (Dennis, 1980; Funes et 
al., 2001). 
 
The present work analyses the effect that chromosomal duplication in Lotus glaber produces 
on the following characteristics related to seed production and quality: 

- Number of flowers per umbel (size of the umbel). 
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- Number of pods per umbel.   
- Number of seeds per pod.   
- 1000 seed weight. 
- Percentage of normal seedlings (germinative power) 
- Percentage of hard seeds.   
- Percentage of ungerminated soft seeds.   
- Percentage of abnormal seedlings. 
- Percentage of dead seeds.   

 
Material and methods 

 
The research was carried out in the experimental field of the Faculty of Agronomy of Azul, 
using spaced planted. The evaluations were carried out on diploid plants of a naturalised 
population denominated "Azul" and plants of the tetraploid germplasm under study. 
 
Determination of the number of flowers per umbel and the number of pods per umbel.   
Starting from 20th January 2002, samples were taken at random:   
- 284 and 254 umbels in the tetraploid and the diploid populations, respectively, to determine 
the number of flowers per umbel.   
- The same number of umbels with mature pods were harvested at random the following week 
for the pod count.   
 
Determination of the number of seeds per pod, 1000 seed weight and seed quality.   
The parameters of seed quality were evaluated in both cytotypes on the samples harvested 
previously, in the following way:   
- 20 pods were taken at random from each population and the number of seeds per pod 
counted.   
- 1000 seed weight was determined taking the average of eight repetitions of 100 seeds each, 
according to the rules of the International Seed Testing Association (ISTA, 2002). 
 
Samples were taken at random for the determination of seed quality for each cytotype. After 
mechanical scarification, 100 seeds per tray were laid out with 4 repetitions (400 seeds) and 
were pre-chilled during 7 days at 8º C. Later on, they were located in a germination camera 
during 12 days at 20º C (according to ISTA norms). The percentage of normal and abnormal 
seedlings, as well as the percentage of hard, fresh and dead seeds, were recorded at the end of 
this period. 
 
Statistical Analysis 
Pearson chi-square analysis was performed for testing the independence between the number 
of flowers per umbel and cytotype, as well as between the number of pods per umbel and 
cytotype. A t-test was carried out to compare the means of the variables: number of seeds per 
pod and the characteristics of seed quality in both cytotypes. 
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Results and discussion 
 
The existence of a dependence relationship between the number of flowers per umbel and the 
diploid and tetraploid cytotypes was detected by means of the chi-square test. 
 
The highest frequency for both cytotypes corresponded to 5 flowers per umbel (Table 1). 
However, the diploid cytotype showed a distribution closer to normal than did the tetraploid 
cytotype, with the latter presenting a higher concentration of umbels with low numbers of 
flowers. Also, 2.4% of the umbels of the diploid had 8 -10 flowers, while the tetraploid did not 
produce umbels that had more than 7 flowers. 
 

Table 1. Number of flowers per umbel in the tetraploid and diploid cytotypes  
of L. glaber Mill.   

 

Cytotype Number of flowers per umbel 

 1 2 3 4 5 6 7 8 9 10 Total 

Tetraploid    

Absolute frequency 6 23 45 86 90 31 3 0 0 0 284

Relative frequency (%) 2.1 8.1 15.8 30.3 31.7 10.9 1.1 - - - 100
Accumulated relative 
frequency (%) 2.1 10.2 26.0 56.3 88.0 98.9 100   

Diploid 
   

Absolute frequency 3 12 27 54 78 59 15 3 2 1 254

Relative frequency (%) 1.2 4.7 10.6 21.3 30.7 23.2 5.9 1.2 0.8 0.4 100
Accumulated relative 
frequency (%) 1.2 5.9 16.5 37.8 68.5 91.7 97.6 98.8 99.6 100
 
The chi-square test confirmed the existence of a dependence relationship between the number 
of pods per umbel and the diploide and tetraploide cytotypes. The highest frequency in the 
number of pods corresponded to 1 pod per umbel in the tetraploid, while it corresponded to 4 
pods in the diploid (Table 2). The diploid cytotype concentrated 50% of the umbels with 4 and 
5 pods, whereas 80% of the umbels had between 1 and 2 pods in the tetraploid. From the 
analysis of these results it could be concluded that, although a reduction existed in the number 
of pods compared to the number of flowers per umbel in both cytotypes, this reduction was 
significantly higher in the tetraploid than in the diploid.   
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Table 2. Number of pods per umbel in the tetraploid and diploid cytotypes of L. glaber Mill. 
 

Cytotype Number of pods per umbel 

 1 2 3 4 5 6 7 Total 

Tetraploid 
  

Absolute frequency 132 95 40 9 7 1 0 284

Relative frequency (%) 46.5 33.5 14 3.1 2.5 0.4 - 100
Accumulated relative 
frequency (%) 

46.5 80 94 97.1 99.6 100   

Diploid 
  

Absolute frequency 16 37 46 68 58 28 1 254

Relative frequency (%) 6.3 14.6 18.1 26.8 22.8 11 0.4 100
Acumulated relative 
frequency (%) 

6.3 20.9 39 65.8 88.6 99.6 100  

 
With regard to the number of seeds per pod and 1000 seed weight, significant differences were 
detected (P <0.001) between the cytotypes. The tetraploid produced half the seeds per pod 
with approximately double the seed weight, compared with the diploid cytotype (Table 3). 
 

Table 3. Comparison of characters between the diploid and tetraploid cytotype 
of L. glaber Mill. 

 

Character Diploid  

Cytotype§ 

Tetraploid  

Cytotype§ 

Differences 
between  
means 

Number of seeds per pod 17 ±  7.25 8 ± 4.6 *** 

1000 seed weight (g) 0.94 ± 0.06 1.60 ± 0.02 *** 

Normal seedlings (%) 76 ± 2.29 74 ± 1.70 ns 

Hard seeds (%) 13 ± 2.54 11 ± 0.96 ns 

Soft seeds (%)  5 ± 1.03 3 ± 2.22 ns 

Abnormal seedlings (%) 2 ± 0.92 3 ± 1.15 ns 

Dead seedlings (%) 4 ± 0.75 9 ± 0.96 *** 
§ Mean values ± standard deviation   
ns: differences non significant P <0.05   
*** significant differences P <0.001 

 
With reference to the characters that define the quality of the seeds: for the percentage of 
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normal and abnormal seedlings, and for the percentage of hard and soft seeds, significant 
differences were not observed; however, for the percentage of dead seeds, a significant 
difference was obtained (Table 3), with the tetraploid population presenting a higher 
percentage of dead seeds (9%) compared with the diploid population (4%). The high 
percentage of dead seeds of the germplasm under study was also obtained when it was 
compared with the diploid cultivar Chajá Tresur (Barufaldi et al., 2003). Therefore, an effect 
of the induced polyploidy would appear to be an increase in the number of non-viable seeds 
produced. This suggests the need for future study of the causes that affect seed viability, by 
means of the topographical test with tetrazolium. 
 

Conclusions   
 
Among the components of seed production analysed in this work, it was observed that 
polyploidy had a negative effect on the number of flowers per umbel, on the number of pods 
per umbel and on the number of seeds per pod, which would appear to affect seed production 
markedly. 
 
Due to the induced polyploidy, the seed weight was superior in the tetraploid cytotype. 
Detrimental effects were not detected in the majority of characteristics related to seed quality, 
such as the percentage of normal and abnormal seedlings, and the percentage of hard and soft 
seeds, although seed viability was affected. 
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population of Lotus glaber Mill. (= Lotus tenuis) to Tetranychus sp: 

Tetranychidae (red mite). 
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Introduction 
 
The genera of red mites Tetranychus is found on a great variety of leguminous species.  Its attack 
is initially visualised as chlorotic points that, upon fusion, become yellowish sectors before 
finally adopting a tanned appearance. It also produces a web that accumulates dust that adversely 
affects photosynthesis (Quintanilla, 1978).   
 
The Genetics and Plant Breeding Group and the Agricultural Botany Group of the Faculty of 
Agronomy of Azul, UNCPBA, Province of Buenos Aires, which are responsible for a breeding 
programme involving the species Lotus glaber Mill., obtained induced autotetraploid germplasm 
(2n=4x=24) by means of colchicine treatment of diploid plants (2n=2x=12). The induced 
tetraploid currently comprises a relatively stable population at ploidy level (4x), from which the 
selection process for productivity traits has been initiated (Barufaldi et al., 2000; Andrés et al., 
2001).   
 
Induced autotetraploid cultivars obtained in other forage species such as Lolium perenne, L. 
multiflorum, Lotus uliginosus (L. pedunculatus) and Trifolium pratense, in general show good 
establishment, enhanced resistance to adverse factors, and better persistence and forage 
production compared to the diploid parents (Ahloowalia, 1971; Carámbula et al., 1994; Evans, 
1955; Herrera et al., 1988; Luchini, 1979; Pérez, 1980; Simonsen, 1976). 
 
The presence of the mite was observed in some autotetraploid plants of Lotus glaber in both the 
greenhouse and the field. For this reason it was considered desirable to perform experiments in 
order to detect tolerance in tetraploid genotypes; preliminary studies for this purpose began in 
2003. 
 

Objective   
 
To select individuals that present better behaviour in response to acarus attack, and to achieve 
their vegetative multiplication as a first step towards verifying their tolerance.   
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Materials and Methods 
 
 
Observations began in July of 2003 on 70 different genotypes used in experiments designed to 
assess tolerance to water deficit and evaluate the response to Phosphorous fertilisation, since 
acarus presence was detected on these experiments. For this purpose, a low Phosphorous soil was 
used (- P; 4 ppm Bray and Kutz Number 1) from the Parish Area, District of Azul, in the Salado 
Depression, as well as the same soil fertilised with Phosphorous (+P; 100ppm calcium triple 
superphosphate).  The plants, which had been previously maintained in 800g pots, were 
transplanted to 3000g pots and subsequently subjected to permanent irrigation. Weekly 
evaluations of the attack were made until December of the same year, whereupon plants that had 
not been attacked hitherto were selected.   
 

Results 
 
It was possible to observe that all plants affected from July until October of 2003 had been 
fertilised with Phosphorous. The same tendency was detected when they were evaluated by their 
response to rust Uromyces loti (M. Barufaldi, personal communication).   
 
After a strong drought coinciding with raised temperatures (November 2003), conditions that 
benefited the development of the mites, plants suffering attack were detected with and without 
fertilisation. The formation of abundant web and infection spread among the different genotypes 
could also be observed.   
 
Of the 22 plants selected in December of 2003, three genotypes were detected in February 2004 
that displayed superior behaviour. They will be cloned and later transplanted to the field in order 
to follow their behaviour during the next cycle.   
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Lotus corniculatus var. japonicus differentially regulated in roots 

and shoots in response to nitrogen starvation. 
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In leguminous plants, a species-specific type of (iso)flavonoid secreted out from roots 
functions as a trigger for the nitrogen-fixing symbiosis of rhizobacteria.  The pathway of 
(iso)flavonoid biosynthesis is significantly down-regulated by exogenously supplied nitrate 
in alfalfa (Coronado et al., 1995).  This suggested a possibility that inhibitory effects of 
nitrate on nodulation, in part, operate via regulation of the pathway of flavonoid 
biosynthesis.  On the other hand, it has been reported that pathways of flavonoid 
biosynthesis are regulated by various members of R2R3-MYB superfamily in different 
organs and in different conditions (Paz-Ares et al., 1987; Grotewold et al., 1994; 
Quattrocchio et al., 1999; Jin et al., 2000; Nesi et al., 2001).  In this study, we attempted to 
isolate members of the R2R3-MYB superfamily, which may be involved in regulation of 
nitrogen fixation or of nitrogen metabolism in legumes. 
 
A library of 300 recombinant plasmid clones containing the PCR fragments amplified by 
using degenerate primers for the R2R3-MYB superfamily was screened by differential 
hybridization to isolate R2R3-MYB genes whose expression was up-regulated under nitrogen 
nutrient limited conditions. Two groups of clones were identified, each of which seemed to 
represent a gene responsive to the nitrogen starvation. The entire coding regions for the 
genes were further isolated by PCR and were designated as LjMYB101 and LjMYB102. By 
screening a genomic library of Lotus japonicus with a probe derived from LjMYB101, the 
third gene, LjMYB103, was isolated. In addition, a candidate for the soybean orthologue of 
LjMYB101 was isolated and designated as GmMYB101 (Miyake et al., 2003). Sequence 
alignment of the genes with members of the plant R2R3-MYB superfamily showed that they 
all belonged to the subgroup 10 (Stracke et al., 2001) of the R2R3-MYB superfamily (Figure 
1). Among these genes a contrasting expression pattern has been observed between 
LjMYB101 and LjMYB103. That is, the expression level of LjMYB101 was higher in roots 
and it was up-regulated under a nitrate limited condition (N-) in the roots, but not in the 
shoots. On the other hand, expression of LjMYB103 was higher in shoots and was also 
up-regulated only in the shoot (Figure 2). Considering their structural similarity in the 
coding region, LjMYB101 and LjMYB103 seem to have diverged through acquisition of their 
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organ specific responsiveness, which might have differentiated their physiological roles.  
Therefore, the primary role of LjMYB103 might have been assigned to the shoot while the 
same kind of role fulfilled by LjMYB101 in the roots. 

 
 
Figure 1. Phylogeny of the members in the subgroup 10 as well as those in its related 
subgroups (24, 4, and 11) of the plant MYB superfamily.  The amino acid sequences of 
LjMYB101, LjMYB102, LjMYB103, and GmMYB101 (indicated with arrowheads) along 
with those of the genes of which sequences are currently in GenBank/EMBL/DDBJ 
(accession numbers are indicated in parenthesis) were aligned with the ClustalW (Thompson 
et al., 1994) and, at the same time, reconstruction of a phylogenic tree with neighbor joining 
method and calculation the bootstrap values were carried out with the program package of 
DDBJ.  Members of each subgroup are indicated with side brackets. 
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Figure 2.  Differential expression of LjMYB101 and LjMYB103 in the roots and 
shoots of L. japonicus grown under the N- or N+ conditions. RT-PCR/Southern 
analysis was carried out using the specific primers for each gene.  The total RNA 
samples as templates were extracted from seedlings grown with the agar 
medium containing the basic MS salts (Murashige and Skoog, 1962) with its 
nitrogenous components (NH4NO3 plus KNO3) substituted for by the equal 
molars (39.4 mM) of KCl (N-) or KNO3 (N+).  The expressed levels of LjACTIN 
transcripts were analyzed as the reaction controls.  

 
At this point, we don’t have any evidence defining the cis-elements that conferred their 
organ specificity, but the sequence information of the promoters seems informative. The 5' 
upstream fragment (524 bp) of LjMYB101 was isolated by inversed PCR and that (1569 bp) 
of LjMYB103 was obtained from the lambda genomic clone, λLj72302-2. On the analysis of 
the sequence information, a striking similarity was found between the promoter segments of 
LjMYB101 and LjGln1, a member of the Gln synthetase gene family in Lotus corniculatus 
var. japonicus (Thykjær et al., 1997; Figure 3). The homologous region spans over a stretch 
of 138 bp with similarity of 89 %.  It is located from 374 to 511 bp upstream of ATG in 
LjMYB101, or from 1517 to 1654 bp upstream in LjGln1, respectively. It would be 
interesting to speculate that insertion or deletion of this element in the promoter of the 
common ancestor of LjMYB101 and LjMYB103 might have caused diversion of the two 
genes. Because nitrate regulated expression of LjGln1 was also restricted to the root tissues, 
the homologous region of LjMYB101 and LjGln1 may be related to their organ specific 
regulation. When a blast search was performed with the element of 138 bp, a list of 27 
sequences containing this element was found in the genome of Lotus corniculatus var. 
japonicus. We found ORFs of various sizes in many of their proximal regions, but we did not 
find any genes closely relevant to nitrogen metabolism. Further work will be required to 
verify the significance of this element.     
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Figure 3. Sequence alignment of the promoters of LjMYB101 (LjMYB101 PRO) 
and LjMYB103 (LjMYB103 PRO), as well as the homologous sequence element 
found in the promoter of LjGln1 (GLN1 ELEMENT).  The sequences were 
aligned using the Higgins’ multiple alignment program of DNASIS V3.6 
(HITACH SOFTWARE).  The TATA-boxes are underlined and the homologous 
elements of 138 bp are lined above the sequences. 
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Downstream of this promoter element is a promoter core region including 332 bp upstream 
of the ATG initiation codon in LjMYB101 or 341 bp upstream of LjMYB103, respectively. 
The putative TATA-box was found at 190 bp or 166 bp upstream of ATG for each of the 
genes. Sequence alignment of the two promoters revealed that LjMYB101 and LjMYB103 
shared continually homologous sequences around the regions surrounding the TATA-box 
(Figure 3). Thus, the two sequences seem to have retained substantial homology, while little 
homology was detected between the two in their further upstream regions, because of 
presence of the element of 138 bp in the promoter of LjMYB101.  Albeit their difference in 
tissue specificity, the two genes are both up-regulated under nitrogen-limited conditions.  
Thus, it is possible that the sequence element conserved between the promoters of 
LjMYB101 and LjMYB103might act as cis-elements for the nitrogen regulation. 
 
We speculated that LjMYB101 might function as a transcriptional activator of genes such as 
members of chalcone synthase gene family (LjCHS) and/or LjGln1, because both these 
genes are also up-regulated specifically in roots under nitrogen-limited conditions (Miyake 
et al., 2003).  In order to verify if the MYB transcription factor targets to the promoters of 
these genes, the DNA binding domain of LjMYB101 was synthesized using an E.coli protein 
expression system.  The protein was used for the electrophoretic mobility-shift assay 
(EMSA) and it was found that the protein bound to the probe DNA fragments containing the 
sequence of CACCTACC or CACCAACC, which coincided very well with the type IIG 
(H-box like) consensus of YACCWACC as a recognition sequence for a class of MYB 
transcription factors.  The sequence perfectly matching YACCWACC is found in three 
members (accession numbers; AP006705, AP006706, and AP006709) of LjCHS, among 
eight members of the gene family available from the database.  This motif locates upstream 
of the TATA-box and the distance ranges from 22 to 34 bp, which is very similar to the 
distance of the same element to the TATA-box on the promoter regions of the soybean CHS 
gene family, ranging from 22 to 38 bp (Shimizu et al., 1999).  These suggest that LjMYB101 
may target to the promoters of members of CHS gene family in Lotus while GmMYB101 
may do the same in soybean.  On the other hand, the sequence of CACCTACC also exists at 
43 bp upstream of TATA-box on the promoter of LjGln1, inspiring another possibility that 
LjMYB101 may target to LjGln1.  In vivo analysis of the gene function will be required to 
further investigate the physiological roles for the newly isolated R2R3-MYB genes, in 
relation to flavonoid biosynthesis or to nitrogen metabolism. 
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Proposal and program 
 
The introduction and sustainable management of highly valuable forage legumes in the 
“Pampa Deprimida” is a promissory alternative to increase significantly the cattle 
production output. In particular, Lotus glaber (former L. tenuis), species naturalized species 
from the Mediterranean Basin, has evidenced high adaptability to the environmental 
restrictions to the plant growth vegetable in these grasslands (flooding, salinity, alkalinity, 
low concentrations of assimilable Phosphorus, droughts, grazing by cattle, fire, parasites and 
predators), prospering and spreading in spontaneous form.  
 
The proposed Workshop has an antecedent in the “1er Simposio Argentino del Género 
Lotus” [1st Argentinean Symposium of the Genus Lotus] that was developed in the INTECh 
(at the present time IIB-INTECh) in 1992. From then on, and especially during the last years, 
the advances in studies of molecular biology and bio-engineering have enlarged and 
enhanced the opportunities to advance in the efficient use of these strategic resources for our 
beef production. On the other side, they outline an enormous challenge to integrate these 
advances in effective form, not only in terms of increasing the cattle production but of 
making it in the mark of a commitment irreducible with the conservation of the “Pampas” 
ecosystem.  
 
In this context, the proposed objectives of this Workshop are: 1) to update, exchange and 
integrate knowledge from different disciplines on biological processes - from molecular to 
population level-, committed with the adaptability, the production and the persistence of 
legume populations in grasslands of the Pampa Deprimida (in particular on the Genus 
Lotus); 2) to propitiate the generation of links between disciplines and institutions in order to 
maximise the investigation efforts that are carried out in the country and overseas; and 3) to 
evaluate critically and strategically, the new opportunities that the biotechnology advances 
can offer for the development of a sustainable cattle production.  
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Program 
 
Day 11 September:  
 

Workshop of Microbiology 
 
Agronomic management of the symbiosis in species of the Genus Lotus. [Manejo 

agronómico de la simbiosis en especies del género Lotus.]  CARLOS LABANDERA, 
Laboratorio de Microbiología de Suelos, Ministerio de Agricultura y Pesca, Uruguay. 

 
Characterization of strains of Rhizobium loti of the Pampa Deprimida del Salado. 

[Caracterización de cepas de Rhizobium loti de la Pampa Deprimida del Salado.] JULIA 
ESTRELLA. Instituto de Investigaciones Biotecnológicas, Instituto Tecnológico de 
Chascomús IIB-INTECh, UNSAM-CONICET, Argentina. 

 
Arbuscular Mycorrhiza in Lotus glaber of the “Depresión del Salado” and their possible 

influence on the mechanism of resistance to plant saline stress. [Micorrizas arbusculares 
en Lotus glaber de la Depresión del Salado y su posible influencia sobre el mecanismo 
de resistencia a estres salino de la planta.] ANA MENENDEZ, Departamento de 
Microbiología, Facultad de Biología, Universidad de Buenos Aires (UBA), Argentina. 

 
Molecular aspects of the symbiosis Rhizobium loti - Lotus glaber. [Aspectos moleculares de 

la simbiosis Rhizobium loti- Lotus glaber.] VIVIANA LEPEK, Instituto de Investigaciones 
Biotecnológicas, Instituto Tecnológico de Chascomús IIB-INTECh, 
UNSAM-CONICET, Argentina 

 
Physiological conditions of Rhizobium in the nodules of legumes. [Condiciones fisiológicas 

de Rhizobium en el interior de nódulos de leguminosas.] JUAN SANJUAN, Departamento 
de Microbiología del Suelo y Sistemas Simbióticos, Estación Experimental del Zaidin 
CSIC, España. 

 
Day 12 September: 
 

Workshop of Biology, Biochemistry, Physiology and Biotechnology. 
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	Introduction 
	 
	Could Lotus improve the forage production? 
	The Nitrogen fixation of Lotus growing in a fescue (Festuca arundinacea) pasture varied between 39-42 kg N/ha/year (Refi et al., 1989). Lotus coverage ranged in this experiment from 7-24%. As in temperate grasslands nitrogen is related directly to forage production, the presence of Lotus is expected to increase the forage production of grasslands. The winter forage production of a fescue-lotus mixture (Miñón et al., 1990) almost tripled the daily growth rates: of native grasslands: 15 kg DM/ha/day as compared with 4-5 kg DM/ha/day (Hidalgo and Cauhépé, 1991a). In other experiment conducted in humid native grassland, Hidalgo and Rimoldi (1992) found higher forage production in a pasture with Lotus than others without Lotus and attributed this result to the N fixation of Lotus.  
	Could Lotus improve the forage quality? 
	 
	Native grassland at the Flooding Pampa has good nutritional quality for breeding cattle all year around except during winter. Pigurina et al. (1998) showed that pregnant heifers grazing native grasslands of Uruguay lost between 15-20 kg live weight from June through August.  
	 
	Figures 2 and 3 shows the diet quality of steers grazing a native grassland of the Flooding Pampa and the impact of Lotus on the forage quality of a native grassland. It is apparent that the main effect of Lotus on the nutritive value of grasslands is during the winter months when the diet reaches their poorest nutritional values. Moreover the impact on the pregnant cows and especially on pregnant heifers is stressed as a consequence of the high nutrient requirements of the final pregnancy and early lactations phases.  
	 
	Rosso and Chifflet (1991) found an increase of live weight gains of steers grazing a tall wheatgrass without and with lotus from 400 g/head/day to 700 g/head/day, respectively. Freddi et al. (1991) and Rosso and Gómez (1995) also found improvement of nutritional quality related with the presence of Lotus in pastures of the Flooding Pampa. 
	Further comments on the possible impact of Lotus on beef production 
	 
	So far, the available data allows us to tentatively support the hypothesis that the increase of Lotus in the Flooding Pampa grasslands will have a positive effect on beef production as a result of the expected increase in forage production and in forage quality. Moreover it seems to be other processes related to internal parasites on which Lotus genera has anti-helmintic effect: the condensed tannins, common in the Lotus genera, would compensates the loss of protein absorption as a consequence of the action of internal parasites (Otero 1).  
	The resistance of Lotus glaber to flooding has been proved by Vignolio and Fernández (1994) and Vignolio and Fernández (1997). Lotus plants formed aerenchyma which provided them the oxygen necessary to survival and growth under flooding.  Also the lower phosphorus requirements of Lotus is an economic advantage o this specie. The response to phospahte fertilizers has been erratic (Quadrelli de Escuder et al., 1997).  Resistance of Lotus to soil salinity has been shown by Bañuelos and Beuselinck (2003).  
	Lotus promotion through phosphate fertilization and herbicides, grazing management or aerial post-burning seeding (Juan et al., 2000) and sod seeding (Miñón and Colabelli, 1993; Laterra, 1997) could be a ways to increase its biomass and the beef production in Flooding Pampa grasslands.  
	 
	 
	Considering beef cattle management, the nutrition of pregnant premature heifers, especially during their last third of pregnancy, the nutritive value of native Flooding Pampa grasslands is inadequate in terms of metabolizable energy concentration and protein content (Hidalgo and Cauhépé, 1991b; Pigurina et al., 1998).  The use of native grasslands with Lotus has been successful to manage this kind of heifers, although no scientific demonstration is available. However, it will be necessary to conduct more intensive research to prove the overall advantages in beef production of the inclusion of Lotus on native grasslands under the Flooding Pampa conditions. 
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