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PREFACE

It is with great pleasure that we present to you the book of Proceedings of the 13th 
International Lupin Conference. It was produced through the common effort of all the 
participants and organizers of the Conference and we wish to acknowledge the contribu-
tion of the many members of the lupin society who took part in the conference and who 
shared the results of their work both in person with those who attended the Conference, 
and through these proceedings with the scientifi c community at large.

The 13th ILC meeting took place in Poznań, for the second time in history of lupin 
conferences. We were happy to show you our city – the same but also very different 
from the one you saw in 1988. The long and turbulent history of more than 1000 years 
is still vivid in our city and constitutes a fi rm basis for its further development together 
with all the Wielkopolska (Great Poland) region.

It was our goal to create a framework for a convivial interaction between lupin people 
from many countries interested in the values and applications of this amazing plant. 
Although in our region lupins still do not play as important a role as they should, we 
intend to promote them and consider such meetings to be the best means to do it.

This volume is a collection of papers presented as oral contributions and posters 
distributed in eight sessions: 1) Taxonomy, biodiversity, eco-geography, and evolution; 
2) Genetics and genomics; 3) Breeding and biotechnology; 4) Agro-ecology, farming 
systems, profi table and sustainable production; 5) Lupins for human and animal nutri-
tion and health; 6) Biochemistry and metabolomics; 7) Physiology, plant development 
and symbiosis; 8) Diseases, pests, and tolerance to abiotic stresses.

The papers in the Proceedings were reviewed by at least one referee. We are grateful 
for this effort and the helpful reviews to the following persons: Michael Abberton, Ab-
delkader Aïnouche, Anna Arnoldi, Craig Atkins, Marcello Duranti, Ricardo B. Ferreira, 
George D. Hill, Małgorzata Jędryczka, Eleonora Lampart-Szczapa, Cezary Mądrzak, 
David McNaughton, Matthew N. Nelson, João M. Neves Martins, Ana M. Planchuelo, 
Janusz Prusiński, Andres C. Ravelo, Wojciech Rybiński, Brigitte Ruge-Wehling, Ed-
zard van Santen, Ewa Sawicka-Sienkiewicz, Stanisław Stawiński, Maciej Stobiecki and 
Wojciech K. Święcicki.

According to the decision of the General Assembly of the International Lupin As-
sociation, the Proceedings of the 13th ILC have been prepared, for the fi rst time, in the 
digital form. Accordingly, they will be disseminated on a CD and on the website of 
the conference organisers. A limited number of printed copies has also been prepared; 
they will be sent to the members of the ILA Board as well as to the members of the ILC 
Scientifi c Committee and will be available on special request. We sincerely hope that 
access to the Proceedings on the internet will considerably widen the readership of the 
contributions presented during the conference.

The Editorial Board
Poznań, Poland 
December 2011
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THE RECENT HISTORY OF LUPIN IN AGRICULTURE

Martin Brummund1, Wojciech K. Święcicki2

1 Retired breeder, formerly at Breeding Station Bornhof, Germany
2 Institute of Plant Genetics, Polish Academy of Sciences, Poznań, Poland

SUMMARY
Lupin cultivation was initiated in the 18th century 

by a Prussian king, Friedrich II, in relation with the 
considerable area of sandy soils of limited fertility. 
These fi rst attempts were unsuccessful, since the seeds 
of white lupin, imported from Italy, were sown, which 
did not ripen in Prussia. Yellow lupins adapted to Ger-
man conditions were sown for the fi rst time in 1840 by 
a farmer, Joachim N. Borchardt. This species spread 
very rapidly in Prussia and north-central Europe as 
a forecrop to fertlise sandy soils and increase yields of 
successive crops.

A new direction in lupin cultivation was initiated 
thanks to cultivars with low alkaloid contents, bred 
in Germany by R. v. Sengbusch. In turn, beginnings 
of the application of modern technologies in lupin 
cultivation date back to the years after 1945 together 
with chemical weed control, defoliation and the use of 
combine harvesters.

Lupin, accumulating atmospheric nitrogen, utilises 
its own energy generated from assimilation. This is ex-
ecuted at the expense of yields. When applying modern 
breeding methods and cultivation technologies, we need 
to obtain possibly highest yields of crops, harvesting 
their highest proportion possible from the fi elds.

Figure 1. Sandy soils in middle-north Europe (Simon 1960)

In: B. Naganowska, P. Kachlicki, B. Wolko (eds.) 2011. ‘Lupin crops – an opportunity for today, a promise for the 
future’ Proceedings of the 13th International Lupin Conference, 6-10 June 2011, Poznań, Poland. International Lupin 
Association, Canterbury, New Zealand. ISBN 978-83-61607-73-1.



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE16

Low-alkaloid lupin cultivation has also spread to 
other countries, initially to Poland and Russia, and 
after 1945 also to the Republic of South Africa, Chile 
and fi rst of all to Australia. These lupins are grown fi rst 
of all on less fertile sandy soils in temperate climates.

Yellow, narrow-leaved and white lupin, as well as 
Lupinus mutabilis, thanks to the application of guide-
lines by Erwin Baur, was transformed in a period of 
approximately 75 years from a very primitive plant to 
a valuable crop.

1. INTRODUCTION -- FIRST ATTEMPTS 
AT LUPIN CULTURE IN PRUSSIA 
IN THE 18TH CENTURY

In Prussia, Poland and Belarus approximately 50% area 
is covered with sandy soils of low fertility (Fig. 1). They 
were partly uncultivated, but many factors forced farmers 
to use them e.g. consequences of the Thirty Year War, col-
lapse in yields in 1772 and the increasing population. New 
crops, particularly leaf crops, started to be introduced, e.g. 
beets, rape, red clover and potatoes which made it possible 
to improve soils.

The Prussian king, Friedrich II, ruling in the years 
1740-1786, devoted much of his attention to the improve-
ment of sandy soil fertility in his country. It was his wish 
to import seeds of white lupin from Italy and according to 
instructions the fi rst fi eld was sown so that the king could 
inspect the progress of the experiment while travelling. 
Unfortunately, white lupin imported from Italy generally 
did not ripen in Prussia and as a consequence, after the 
king’s death the lupin project was abandoned.

The next attempt to grow lupin was made starting from 
1816 by Carl v. Wulffen, a landed estate owner in Pietzpuhl 
in Brandenburg (Fig. 2). He also cultivated white lupin 
as green manure on large areas of sandy soils (Wulffen, 
1828). Following this attempt also, white lupin culture 

did not become popular due to the soil requirements and 
unreliable ripening.

2. SUCCESSFUL INTRODUCTION 
OF LUPIN TO CULTIVATION

Joachim Nicolaus Borchardt, a farmer from Groß 
Ballerstedt, for the fi rst time in 1840, sowed seeds of yel-
low lupin as green manure. The fi rst seeds were probably 
collected in his own garden or bought in Schinne. These 
plants matured in autumn, thus Borchardt could obtain 
seeds from his harvest. This attempt was successful, since 
the stated, higher yields of rye as a successive crop after 
lupin resulted in the crop becoming popular among farmers 
in that region. In 1856, Joachim N. Borchardt was awarded 
with a Silver Medal for his services toward agriculture and 
an economic counselor, W. Kette, author of a study “Lupin 
as a crop” (Kette, 1854) spread these achievements to the 
distant parts of Germany.

Close to Gr. Ballerstedt, Albert Schultz, in 1855, 
bought a landed estate of Lupitz with sandy soils (Fig. 3).
 Yields harvested there were low: 8dt/ha rye and oat, 80dt/
ha potatoes and 20dt/ha hay (Schultz-Lupitz 1881). The 
new owner tried to improve fertility of the soils, but they 
were so poor that even growth of yellow lupin, a crop of 
low requirements, was not possible. Only the application 
of mineral phosphorus-potassium fertilisers ensured ap-
propriate lupin growth. In 1872 the following effects of 
work on the improvement of productivity of these soils 
were observed (Petersen, 1953, Schultz-Lupitz, 1881): 
yield of oat after green manure from lupin and mineral 
PK fertiliser –28dt/ha, yield of oat after cereal with no 
fertliser applied –10dt/ha.

Figure 2. Carl v. Wulffen (1785-1853) Figure 3. Albert Schultz-Lupitz (1831-1899)
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Schultz also observed that similar residual effects of 
the forecrop are also provided by lupin cultivation both 
as the main crop and as an after crop (Schultz-Lupitz, 
1895). A consequence was an increase in the popularity 
of after crop lupin cultivation. The scientifi c justifi cation 
for the exceptionally positive action of lupin as a forecrop 
was presented by Hellriegel and Wilfarth (1888) (Fig. 4). 
They showed that lupin enters into symbiosis with nodule 
bacteria, thanks to which it is supplied with nitrogen from 
the air.
Enthusiasm associated with lupin culture due to good 
yields of the after crop is best refl ected in the remarks 
made by farmers. Homeyer (1858), a landed estate owner 

from the Baltic Pomerania stated that “Rarely has a 
crop spread as rapidly as it was the case with lupin, 
when year by year its fragrant fi elds are covering an 
increasing area; however, this popular interest has 
seldom been as justifi ed as in this case. Thus we may 
rightfully wish for the area cropped to lupin to grow 
systematically”. 

In turn, Günter (1857), a director of the Higher School 
of Veterinary Medicine in Hannover wrote: “As it some-
times happens when the modest beginnings gradually 
mark far-reaching directions of development, lupin 
sown by a farmer named Borchardt at Gr. Ballerstedt 
reached such an extensive distribution of the crop in 
all directions, that lupin at present is not only treated 
as equally important as other crops, but for many 
economies it has become a vital issue”. 

After positive experiences in Prussia with lupin culture 
it spread to Poland and Russia. The fi rst Russian to work on 
lupin was Prof. Budrin (1881-1905) in Novaja Alexandria 
(Prianischnikow, 1930). He obtained extraordinary results 
in the fi rst attempts at lupin growing (Fig. 5).

Work initiated by Budrin was continued by Prof. Bog-
danow (1888-1915) from Kiev, obtaining similar results 
on experimental farms in the years 1910-1913. On poor 

sandy soils yields of rye doubled after the introduction 
of lupin. As a consequence, lupin in Russia was in that 
time a signifi cant element in improving soil fertility. A 
great enthusiast of lupin culture in Russia, Dimitri N. 
Prjanischnikow (Fig. 6), observed that yellow lupin seed 
cultures from 53° latitude are not certain, North and east 
of that line he proposed growing the earlier maturing nar-
row-leaved lupin.

3. THE PERIOD OF BITTER LUPIN 
CULTURE

The use of lupins to enrich soil with nitrogen contrib-
uted to a considerable increase in the area cropped to that 
species in Poland and Russia, and particularly in Prussia 
of that time – as much as up to 432.000 ha in 1883 were 
under lupin cultivation (Gäde, 1960). The above could also 
have resulted from the discovered possibility to use lupin 
as feed for sheep. The German boom in the cultivation of 

Figure 4. H. Hellriegel (1831-1895)

Figure 5. Rye yield on sandy soils at Novaja Alexandria, 
Russia

Figure 6. Dimitri N. Prianischnikow (1865-1948)



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE18

lupin coincided with the development of sheep breeding. 
Both phenomena were mutually related, infl uencing the 
management of wasteland and moors. An increase in prices 
for wool, worldwide, in the mid-19th century resulted in 
the sheep population in Prussia reaching over 28 million 
heads. The expansion of sheep rearing was also observed 
in other parts of the world, e.g. Australia. However, there 
sheep rearing was cheaper, leading to a decline in world 
prices for wool and as a consequence a reduction in the 
sheep population (5.8 million heads) and the area cropped 
to lupin (130 000 ha) in Germany (König, 1990).

Up to the early 20th century lupin was used fi rst of all 
in land reclamation and improvement of productivity of 
sandy soils. It was possible to increase the cultivation of 
leaf crops – beets, rape, red clover and fi rst of all potatoes. 
Following 1920, a radical increase in the use of mineral 
fertilisers deprived lupin of the monopoly as the main 
source of nitrogen. Subsequently, it gained in importance 
as an after crop, enhancing soil quality, making it possible 
to abandon fallowing.

At that time the proportion of animal origin food was 
increasing in human nutrition, and thus animal rearing 
increased and a defi cit of protein feeds appeared. The im-
portance of lupin seeds in the production of these feeds and 
in nutrition was appreciated by Roemer (1916) and Baur 
(1933). An obstacle in this respect was connected with the 
high alkaloid content. The fi rst breeding works, aimed at 
the adaptation of lupin to the requirements faced by a crop 
were initiated after 1910. Roemer failed to reduce alkaloid 
content and dehiscence was an additional drawback. After 
1920 many breeders worked on lupin, both yellow and 
narrow-leaved. For example in the Margriavate of Bran-
denburg in 1928 when evaluating 18 cultivars jointly, a 
certain improvement of yields was observed.

4. THE PERIOD OF SWEET LUPIN 
CULTURE

The main lupin breeding objective, up to 1945, was to 
reduce the content of alkaloids. To realise this, according to 
Prianischnikow, it was necessary to develop an appropriate 
analytical method, while it was an opinion of Erwin Baur 
(Fig. 7) that in local cultivars there may be single plants 
with low alkaloid contents (Sengbusch, 1942). These were 
the main assumptions for the study by R. v. Sengbusch 
(Fig. 8), who developed a screening method, applied in 
testing of an extensive initial material. The fi rst plants 
or seeds with a low content of alkaloids were found by 
v. Sengbusch in 1927 in L. luteus, while in the winter of 
1927/1928 they were also found in L. angustifolius and 
were a source of the trait for cultivars of today. The fi rst 
low-alkaloid seeds of L. albus were found in the winter 
of 1930/31 and the fi rst forms of L. polyphyllus in 1931. 
The fi rst sweet cultivar approved for cultivation was yel-
low lupin “v. Sengbusch Munchberger Gelbe Grünfutter 
Süsslupine” and from that time breeding concentrated 

solely on cultivars with low contents of alkaloids. Field 
sweet lupin culture was initiated in 1931 over an area of 
2 ha (Gäde, 1960).

For further cultivar improvement other traits were also 
taken into consideration. In 1932 Troll in Müncheberg 
found in Strain 8 seeds with a white cover, from which 
cv. Weiko I originated. On large fi elds sown with local 
cultivars a plant with indehiscent pods was found. By 
crossing with Weiko I in 1943, a white-seeded indehiscent 
cultivar with low alkaloid content was formed, named 
“Müncheberger Gelbe Süsslupine Weiko II”.

Following increasing damage in lupin fi elds in Bran-
denburg, caused by fusariosis, Wuttke – from 1937 work-
ing in Trebatsch  – initiated a search for resistant forms 
(Figs. 9 and 10). Several resistant plants were found among 

Figure 7. Erwin Baur (1875-1933)

Figure 8. Reinhold v. Sengbusch (1898-1985)
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wild-growing yellow lupin and they were used, after 1945, 
as a source of resistance to Fusarium (Wuttke, 1943). The 
fi rst resistant cultivar was “Refusa” and it became a source 
of the trait in most cultivars of today. Cultivar Refusa 
Nova, bred slightly later in Trebatsch, was characterised 
by higher yields. Independently in Poland Tomaszewski 
and Lamberts in Holland used other sources of resistance. 
The best known Portuguese sources were used in Poland in 
breeding of resistant cv. Afus and Cyt (Kubok, 1988).

Breeding material from Müncheberg was used after 
1945 by Troll (Fig. 11) and Jagoda in Müncheberg and 
Trebatsch (East Germany), and by Hackbarth in Scharn-
horst (West Germany). Works by Hackbarth (Fig. 12) led 
to the breeding of cv. Sulfa and Alteria; however, in West 
Germany yellow lupin cultivation was soon reduced in 
range and in after crop cultures imported seeds of nar-
row-leaved lupin were used. Yellow lupin was still used 

in after crops (approx. 100 000 ha) in East Germany 
(1.2 mln hectares) sandy soils).

A disadvantage of lupin in seed culture was con-
nected with the slow initial growth, facilitating weed 
growth. Thus forms covering the ground at a faster 
rate were searched for. In 1940, Hackbarth found a 
fast-growing plant (Troll, 1954). After it was crossed 
with cv. Weiko II cv. Weiko III was developed. Un-
fortunately, the rapid growth of Weiko III did not 
sufficiently prevent weed development. Analyses 
demonstrated that fast- and high-growing forms have 
smaller root systems, as a result of which they are 
devoid of the previous adaptation potential to sandy 
soils (Gäde, 1960).

Figure 9. Lupin fi eld infected by Fusarium sp. 

Figure 10. Herbert Wuttke (1908-1998)

Figure 11. Hans Jürgen Troll (1906-2004)

Figure 12. Joachim Hackbarth (1906-1977)
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Own breeding material was developed in Gülzow 
from 1940 by H. Kress (Fig. 13). Forms with normal 
growth were selected as initial material. The generated cv. 
Gülzower Süsse Gelbe with a root system as that in bitter 
lupin, while maintaining low requirements, constituted 
considerable progress (Kress, 1964). Cultivar Borluta, bred 
in Bornhof, with normal growth and resistant to Fusarium 
was another cultivar in that respect. The next cultivars 
– Bornova and Boresa – had elevated fi eld resistance. 
Further advances were manifested by cv. Borsaja (the fi rst 
thermoneutral cultivar) and Borfesta (the fi rst self-com-
pleting), both resistant to Fusarium (Brummund, 1999).

In Germany, in the years 1945-1990, narrow-leaved 
lupin was not grown. Work was again started after 1995, 
particularly due to the higher tolerance to anthracnosis in 
comparison to yellow and white lupin, probably as a result 
of better sclerenchyma structure.

5. CULTIVATION PROCEDURES 
FOR LUPINS

It is very diffi cult to increase yields of lupin thanks 
to cultivation procedures. It is not intensifi ed, e.g. by ad-
ditional fertilisation as in cereals, since it provides self-
supplies of nitrogen. At the same time lupin plants have to 
provide energy nutrients for the symbiosis of nitrogen for 
its own needs as well as resources for the after crop. We 
also have to deal with an additional expenditure of energy 
to produce deep roots and use absorbability of hardly 
soluble minerals. This amount of energy is considerable 
and reduces yields.

Up to 1945, cultivation technologies consisted of 
manual and machine weeding, binder harvesting, post-

harvest ripening, storage in stacks and threshing in winter. 
This resulted in high losses of yield and frequently lower 
germinability of seeds. In this situation it was necessary 
to apply new solutions, e.g. in Bornhof from 1960, chemic 
weed control and defoliation were employed (Brummund, 
1962, 1964). This provided earlier harvest, lower yield 
losses and better seed germinability.

The signifi cant importance for an increase in yields of 
lupin is attributed to a limitation of the difference between 
the yield produced by plants and yield harvested from the 
fi elds. We frequently talk of losses during threshing ex-
ceeding 30%. Measurements taken in Bornhof, in 1977, of 
loss levels amounted to 13-51% (Plischke, 1978). Thus it 
is necessary to improve harvest machines for more precise 
harvests, but also cultivars for specifi c production require-
ments. It is necessary to search for new spontaneous and 
induced mutations determining early maturation, lower 
bloom fall, resistance to dehiscence and pod fall, as well 
as resistance to diseases.

At present lower interest in lupin culture results from 
several reasons. The main cause for this situation is con-
nected with competition on the part of mineral nitrogen 
fertilisers. Moreover, sandy soils improved over 100 years 
ago thanks to lupins are under good cultivation regimes 
and may be utilized by species with higher requirements. 
We also need to mention here the 20-year strategy by 
the state of fallowing and transferring lupin cultures to 
increasingly lighter soils. In the years 1979-1985 in east-
ern Germany, the use of good locations for lupin cultures 
decreased from 35 to 19%, and on poorer soils increased 
from 15% to 26%.

How should we direct cultivation of lupins in the 
future?
– Lupins will have to be used in the maintenance and 

improvement of sandy soil quality,
– Lupins will play a pioneering role in all areas of sandy 

soils introduced to cultivation under appropriate cli-
matic conditions,

– Considerable expansion of lupin cultivation may be 
caused by the utilisation of its nutritional properties, 
both in human as well as animal nutrition (e.g. low 
costs of 1 kg protein in feed).

6. LUPINS IN OTHER COUNTRIES
In the 20th century, lupins have been cultivated in many 

countries, e.g. Australia, Belarus, Chile, France, Poland, 
Russia, Republic of South Africa, Ukraine and the USA. 
We have presented an outline of these works on the basis 
of several examples.

Australia
Lupin culture in Australia, fi rst of all in the western 

part, turns out to be highly advantageous, since it stopped 

Figure 13. Heinz Kress (1913-1996)
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a decrease in yields of wheat grown in monoculture. The 
fi rst cultivar which became popular was imported from 
New Zealand, a bitter cv. New Zealand Blue. Following 
this, a low-alkaloid cultivar of narrow-leaved lupin, cv. 
Borre, used in the breeding of cv. Uniwhite, was imported 
from Sweden.

In cv. New Zealand Blue, before 1965, plants with 
lower dehistence rates were found, which turned out 
to be controlled by the tardus and lentus genes. These 
genes were used in further improvement of the trait, e.g. 
in cv. Uniharvest.

A signifi cant improvement in narrow-leaved lupin 
cultivars was provided thanks to works of Gladstones 
(Fig. 14), initiated in 1954 on L. luteus, and next 
L. angustifolius. This considerably expanded the genetic 
base for crosses between breeding materials for cv. Uni-
harvest and Unicrop, and next Marri and Illyarrie with 
wild, Mediterranean and local varieties. Crossing with 
cv. Illyarrie generated cultivars resistant to Phomopsis 

(important for sheep farming), as it was reported by 
Gungurru (1988) as well as Yorrel and Warrah (1989), 
and many lines used in further breeding programmes. 
Cultivars resistant to Phomopsis in the short period of 
the late 1980s were introduced to cultivation by farmers 
in Western Australia. At that time a rapid increase was 
observed in the cropped area (e.g. 1.1 million ha in 2005) 
as well as yields per hectare (on average 1.5% annually). 
Further progress in yields was provided by breeding of 
early fl owering cultivars and cultivars resistant to an-
thracnosis – Belara (1997) and Tanjil (1998).

Methods and results of lupin breeding in Australia, 
e.g. the establishment of a very rich collection and a re-
search team supporting breeding efforts, may constitute 
an excellent example for other countries (Cowling et al. 
1998; Gladstones, 1974).

Poland
Interest in lupins is a consequence of a considerable 

proportion of sandy soils (Kubok, 1988). Along the Baltic 
coast, where the vegetation period is shorter, narrow-
leaved lupin is more suitable, while in central Poland it is 
yellow lupin. White lupin, despite many years of breeding 
works, has not become a signifi cant crop plant.

The fi rst selection works on bitter narrow-leaved lupin 
were initiated by Sempołowski in Sobieszyn. Afterwards, 
Sypniewski continued breeding work in Puławy starting 
from 1920, which resulted in the development of many 
bitter cultivars. Low-alkaloid cultivars were bred by 
Łastowski in the Vilnius region. The fi rst low-alkaloid 
cultivars of yellow lupin, i.e. Bielański Pastewny and 
Słodziak, were produced by Jagmin.

A pioneer of work on lupins after 1945 was Stefan 
Barbacki, a professor of the Agricultural University in 
Poznań (Fig. 15), a creator of the main legume breeding 
centre in Poland. Together with Z. Tomaszewski, they 
initiated the establishment of the breeding station in 
Przebędowo, where Jan Mikołajczyk worked as a breeder 
for many years (Fig. 16) and where many cultivars of 
the three lupins, particularly narrow-leaved lupin, come 
from (e.g. Różowy Pastewny, Turkus, Emir, Kazan, 
Remik, Aga, etc.). Kalif was the fi rst cultivar of white 
lupin (1965).

Figure 14. Jon S. Gladstones

Figure 15. Stefan Barbacki (1903-1979)
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Zygmunt Tomaszewski continued his work in Olsztyn 
around the year 1955. We owe him the introduction of a 
new Portuguese source of genetic resistance to Fusarium 
to the breeding of yellow lupin (e.g. cv. Afus).

An outstanding contribution to lupin breeding in Po-
land needs to be acknowledged for the breeding station 
in Wiatrowo, established in 1964 by Wiktor Święcicki 
(Fig. 17). Within a short period of time a dynamically 
developing breeding and research centre was established 
with auxiliary laboratories and the national gene bank, 
coordinating with the international data base (Święcicki, 
Leraczyk, 1995). Many studies, in the fi elds of genetics 

Figure 18. Vladimir I. Golovchenko (1930-1994)

Figure 16. Jan Mikołajczyk (1924-1986)

Figure 17. Wiktor Święcicki (1917-1999)

and alkaloids, were conducted at Wiatrowo and two new 
species were described (Święcicki, Świecicki, 1995, 
Święcicki et al. 1996, 1999, 2000). Cooperation was de-
veloped with numerous lupin research centres worldwide, 
e.g. in Bornhof (Germany) and Perth (Western Australia) 
and the 8th and 13th International Lupin Conferences were 
co-organised. Many lupin cultivars were developed, low-
alkaloid, resistant to Fusarium, as well as thermoneutral 
and self completing (white lupin – Wat, Hetman, yellow 
lupin – Jantar, Topaz, Vetus, Taper, narrow-leaved lupin 
– Saturn, Polonez, Karo, Sonet, Kadryl).

Successors of Barbacki, Mikołajczyk and Święcicki 
are still active today as breeders, researchers, conference 
organisers, grant contractors and also offering support 
and extension services to farmers.

Belarus, Russia and Ukraine
In these countries the area cropped to lupins was very 

large, in 1985 amounting to approx. 280 thousand ha. 
Particular popularity was found for cv. Akademichesky 
I, – developed by Taranucho at Gorki – thermoneutral and 
as a consequence ripening earlier. Yellow and narrow-
leaved lupins were also bred. Apart from early maturation 
of cultivars with traditional growth Fusarium-resistant 
and self-fi nishing cultivars were also developed.

We also need to stress the value of the breeding 
programme realised by V. J. Golovchenko (Fig. 18), the 
author of white lupin cultivars Kiewski Mutant, Kiewski 
Skorwspeli and Horizont, which are suitable for growing 
on Ukrainian brown soils. Golovchenko was also in-
volved in the application of lupin in the food industry.
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Chile
In South America works are being conducted on the 

improvement of L. albus, particularly L. mutabilis. As a 
result of white lupin breeding initiated in 1965, cv. Amiga 
was developed. Works on Lupinus mutabilis were started 
in 1972 (v. Baer and v. Baer 1988). For example in cv. 
Inti alkaloid content was reduced to 0.0026%. Also in-
terspecies crossing, e.g. with L. elegans, was applied and 
works were conducted on the applications of lupin seeds 
for food purposes.

CONCLUDING REMARKS
When evaluating domestication and improvement 

of lupins as a crop, teams from several countries were 
distinguished. In Prussia in 1781, the use of lupins was 
initiated and thanks to Joachim Borchert from 1840, bit-

ter yellow lupin was popularised in north-central Europe. 
A new direction of lupin utilisation appeared with the 
development of low-alkaloid lupin by v. Sengbusch. The 
work of breeders from Australia was praised for the exten-
sive scope of research and unprecedented area cropped to 
lupin. Considerable advances were contributed by breed-
ers from Poland, Russia and Ukraine, who introduced 
cultivars with new thermoneutrality and self-completing 
vegetation genes/traits. When evaluating the process of 
transformation from a wild plant to a crop, we need to 
remember that in case of most species, the process lasted 
for a very long time, hundreds and thousands of years. 
In case of lupin, it took only 1-2 generations of breeders 
who deserve our utmost respect.

In the very end, it is worthwhile to present the area 
cropped to lupin in individual countries and regions 
(Tab. 1.)

REFERENCES

Baur E. 1933. Nationalwirtschaftliche Aufgaben und 
Möglichkeiten der Pfl anzenzüchtung. Arch. Dt. Land-
wirtschaftsrat 51: 1-14.

Baer v. E., Baer D. 1988. Lupinus mutabilis: Cultivation 
and Breeding. Proc. 5th International Lupin Conf., 
Poznan: 8-7. 

Brummund M. 1962. Erfahrungen beim Einsatz der Lupi-
nendefoliation im Jahre  1961 und Schlußfolgerungen 
für 1962 (Das Bornhofer Lupinenernteverfahren). Die 
Dt. Landwirtsch 13: 388-391.

Brummund M. 1964. Die Bedeutung der chemischen 
Unkrautbekämpfung im Lupinensamenbau (Lupinus 
luteus). Die Dt. Landwirtsch 15.

Cowling W.A. Pedigrees and Characteristics of Narrow-
leafed Lupin Cultivars Released in Australia from 
1967 to 2011. Agricult. WA Technical Bulletin Draft 
21/2/: 92.

Cowling W.A., Buirchell B.J., Tapia M.E. 1998. Lupin. 
Lupinus L. Promoting the conservation and use of 
underutilized and neglected crops. 23. International 
Board for Plant Genetic Resources (IBPGR).

Gäde H. 1960. Die Schaffung alkaloidarmer Formen bei 
Lupinus luteus in ihrem Einfl uß auf den Lupinenan-
bau. Diss . Rostock.

Gladstones J.S. 1974. Lupins of the Mediterranean region 
and Africa. Western Australia Department of Agri-
culture. Technical Bulletin. No 26. 

Günther J.H. F. 1857. Lupinenanbau und darauf basierte 
Sommer- und Winterfütterung der Schafe. Chmorl u. 
v. Sennfeld, Hannover. 

Hellriegel H., Wilfarth H. 1888. Untersuchungen über 
die Stickstoffnahrung der Gramineen  und Legu-
minosen. Beilageheft z. Zeitschr. des  Vereins f. die 
Rübenzuckerindustrie des Dt. Reiches, Berlin. 



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE24

Homeyer E. F. 1858. Beitrag zur Cultur der Lupine. Verl. 
Cölling. 

Kette W. 1854. Die Lupine als Feldfrucht. Wiegandt 
Berlin, 1. Aufl .

König K-H. 1990. Schafzucht. 2.Aufl . Dt. Landwirtsch.
Verl. Berlin.

Kress H. 1964. Über den Stand und  die Perspektiven der 
Lupinenzüchtung in der DDR Wiss. Zeitschr. K. M.-
Univ. Leipzig, Math. –Nat.Rh 13: 683-690.

Kubok I. 1988. The history of lupin breeding in Poland. 
Radzików. 

Petersen A. 1953. Schultz-Lupitz und sein Vermächtnis. 
Abhandl. der Dt. Akademie  der Wissensch. zu Ber-
lin Klasse f. Gesellschaftswiss. Jg. 1 Akademieverl. 
Berlin.

Plischke St. 1978. Über die Ursachen und den Umfang 
von Ernteverlusten bei Lupinen und Möglichkeiten 
ihrer Herabsetzung durch  arbeitstechnische und 
züchterische Maßnahmen. Dipl. Arb. Landw. Fakul. 
Martin Luther-Uni. Halle-Wittenberg. 

Prjanischnikow D.N. 1930. Spezieller Pfl anzenbau. 
Nach der 7. Russ. Aufl age übersetzt von E. Tamm 
Springerverl. Berlin.

Roemer Th. 1916. Die Züchtung bitterstoffarmer Lupi-
nen. Landw. Jahrb. 50: 433-443.

Schultz-Lupitz A. 1881. Reinerträge auf leichtem Boden, 
ein Wortder Erfahrung zur Abwehr der wirtschaftli-
chen. Landwirtsch. Jahrbücher 10: 717-848.

Schultz-Lupitz A. 1895. Zwischenfruchtbau auf leichtem 
Boden. Arb. der DLG, H.7. 

Sengbusch v. R. 1942. Süßlupinen und Öllupinen. Die 
Entstehungsgeschichte einiger neuer Kulturpfl an-
zen.  Landw. Jahrb. 91: 732-880. 

Simon W. 1960. Sandige Ackerböden. VEB Landwirt-
schaftsverlag.

Święcicki W. K., Leraczyk K. 1995. Lupinus luteus data 
base. Proc. VIIIth Int. Lupin Conf., Evora, Portugal: 
70-72.

Święcicki W., Święcicki W.K. 1995. Domestication and 
breeding improvement of narrow-leafed lupin (L. au-
gustifolius L.). J. Appl. Genet. 36 (2): 155-167.

Święcicki W., Święcicki W. K.,Nijaki T. 1999. Lupinus 
xhispanicoluteus – an interspecifi c hybrid of Old World 
lupins Ac. Soc. Botan. Poloniae 68 (3): 217-220.

Święcicki W., Święcicki W.K., Rybczynski J. 2000.  Do-
mestication and genetics of  the yellow lupin (Lupinus 
luteus) and the biotechnological improvement of lupin. 
J. Appl. Genet 41: 11-34.

Święcicki W., Święcicki W.K., Wolko B. 1996. Lupinus 
anatolicus – a new lupin species of the Old World. 
Genet. Res. Crop Evol. 43(2): 109-117.

Troll H-J. 1954. Die Lupinen als Objekte verschiedener 
Forschungsrichtungen im Verlauf ihrer Anbauent-
wicklung. In: Rübensam, E(Hrsg): Vorträge aus den 
Gebieten Acker- und Pfl anzenbau Bodenkunde und 
Pfl anzenzüchtung. Dt. Verl. Der Wissensch., Berlin. 

Wulffen v. C. 1828. Über den Anbau der weißen Lupine 
im nördlichen Deutschland. W. Heinrichshfen, Mag-
deburg.

Wuttke H. 1943. Gegen Fusarium oxysporum resistente 
Stämme der gelben Lupine. Der Züchter 15: 31-33.



I. 
Taxonomy, biodiversity, 

eco-geography, 
and evolution





PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE 27

REVIEWS OF THE CHALLENGES FOR UNDERSTANDING 
THE SOUTH AMERICAN LUPINUS SPECIES

Ana M. Planchuelo*

Crean-Conicet, Fac. Cs. Agropecuarias, UNC, CC 509, 5000 Córdoba, Argentina

*Corresponding author’s e-mail: planch@crean.agro.uncor.edu, aplanch@gmail.com

ABSTRACT
A review of the challenges that need to be overcome 

to resolve the chaotic nomenclature status of the genus 
Lupinus in South America is addressed. One of the 
major problems to be resolved, before completion of 
a taxonomic monograph of the genus, is to defi ne the 
exact number of valid species in relation with the large 
number of botanical names at species level which are 
over 1700 published names. Examples of the Lupinus 
morphological features, synonyms list and identifi -
cation key are presented along with illustrations of 
vegetative and fl oral morphological characters to be 
use in species description.

KEY WORDS
taxonomy, morphological characters, Lupinus synonyms, 
botanical nomenclature, South America

INTRODUCTION
Lupinus is very large and one of the most complex 

genera of Leguminosae which comprises, herbaceous, 
prostrate and shrubby plants, characterized by regular 
“papilionaceous” fl owers allocate in a terminal raceme. 
It is one of the few legume genera which has 3-4(-17) 
palmate-compound leaves, although there are 26 species 
with simple leaves, one species with compound and simple 
leaves in adult plants and few species with simple leaves 
only at juvenile stage. The genus has long been considered 
in the tribe Genisteae (Adams.) Benth. (sensu lato)  and 
was retained in the Genisteae (sensu stricto) by Polhill 
(1976). Taking into account several serological studies, 
nodule morphology, pollination pattern, phytochemical 

markers, and DNA sequences evaluation, Lupinus is cur-
rently referred to a monotype subtribe Lupininae (Hutch.) 
Bisby. Several hypothesis has been developed in relation 
to found out the center of origin of the genus (Planchu-
elo-Ravelo, 1984), however new founding about species 
relationship by PCR and DNA analysis (Kaess and Wink 
1997; Aïnouche et al. 1999; Merino et al: 2000a, b; Wink 
et al. 2000; Hughes and Eastwood, 2006, Eastwood et al., 
2008)  pointed out that the connection between New World 
and Old World species, are previ ous to the one between 
both North and South Ameri ca. Also, it was found that the 
Andean species are the ones that evolved more recently in 
relation with the species growing in other regions.

One of the reasons of Lupinus taxonomic complexity 
is the difference between numbers of species names and 
truly legitimate taxa, witch number vary widely from 
200 to 600 according to different authors. From the 
original six species published by Linnaeus (1753), the 
actual number has increase to a range between1500 to 
1700 names published in different fl oristic and monogra-
phic works. Many authors have contributed with species 
descriptions but the majority of names are from the 
“Signatures in Species Lupinorum” (Smith, 1938-1953) 
done by C.P. Smith (1877-1955), an American botanist 
who used to work in his own taxonomic Lupinus project 
in Saratoga, California. That author with tireless effort 
studied collections in North American and European 
herbaria and described hundreds of new species mostly 
from Mexico, North and South Americas, based only on 
trivial characteristics, consequently many of his taxa are 
now considered as synonyms.

Although, the data generated by research with con-
vergences of “omics” biotechnologies sciences such as 
genomics, transcriptomics, metabolomics, proteomics 
and molecular markers, are important in the analyses of 
species interactions and relationships, the recognition of 
one species among others still need to be done by a clear 
morphological description and by the uses of diagnostics 
key characters. The morphological features represent the 

In: B. Naganowska, P. Kachlicki, B. Wolko (eds.) 2011. ‘Lupin crops – an opportunity for today, a promise for the 
future’ Proceedings of the 13th International Lupin Conference, 6-10 June 2011, Poznań, Poland. International Lupin 
Association, Canterbury, New Zealand. ISBN 978-83-61607-73-1.
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major source of data employed in monographic taxonomic 
research.

A taxonomic research on a worldwide scale allowed at 
Planchuelo (1994) to defi ne the distribution of the species 
in three geo graphic Regions (Mediterranean and Afri-
can; North and Central American and South American 
Regions) and each one of the Region were also divided in 
two Sub-Regions. The South American Region has two 
different fl oristic areas classifi ed as Atlantic (ATL) and 
the Andean (AND) Sub-Regions (Planchuelo-Ravelo, 
1984, Planchuelo, 1994). The Atlantic Sub-region com-
prises the eastern Brazil, Uruguay, Paraguay and central 
and eastern Argentina, and the Andean Sub-Region lays 
along the mountain slopes of the Andes, from Venezuela 
to the extreme south in Tierra del Fuego, with a portion 
in the eastern plains of the Patagonia in Argentina. The 
best known fl oristic Sub-Region is the ATL characterized 
by the presence of simple-leaved species which has been 
reviewed by Monteiro and Gibbs (1986). Other groups of 
species and complex with simple and compound leaves 
and related species (Planchuelo and Dunn, 1984, 1989) 
as well as, small groups of polymorphic annual species, 
have been reviewed (Dunn and Planchuelo, 1981; Plan-
chuelo-Ravelo, 1991; Planchuelo, 1996; Planchuelo and 
Fuentes, 2001) and the species of that reviewed groups 
were validated. The more diffi cult area for species iden-
tifi cation is the AND Sub-Region which have cited more 
than 400 species name. The Andes topography plays 
an important role in promoting different phenotypical 
expression from equal germplasm. Due to large ecolo-
gical diversity C. P. Smith has described several species 
for each Andean country (Planchuelo, 1999) and most of 
his species are recognize only by the holotype materials. 
Recently, research done by Hughes and Eastwood (2006) 
estimate that in the Andes, only are growing 85 species, 
which represent a big reduction of species number from 
the 400 scientifi c names cited. Validation of the species 
names and the list of synonyms for AND Sub-Region 
are still pending.

MAIN PROBLEMS TO BE SOLVED 
BEFORE COMPLETION OF 

A MONOGRAPH OF LUPINUS 
FOR SOUTH AMERICA

The up today taxonomic reviews of Lupinus species 
in South America shows that, previously to complete a 
whole taxonomic monograph for the continent, several 
nomenclature problems need to be addressed. Some of 
the major pending tasks are the establishment of the exact 
number of valid species, the identifi cation of correct type 
materials and the list of synonyms for each taxa. To con-
tribute to the understanding of the problems to be solved 
and the methodology to be applied for taxonomic works 
few examples are presented here.

1. Identifi cation of truly type materials

Identifi cation of holotypes and other type materials is 
important because there are several type specimens with 
the same collector number belonging to different species. 
Holotype specimens from several species at the Berlin 
herbarium were destroyed during WW2, and isotypes or 
other type materials were, in some cases, misidentifi ed. 
In a taxonomic review of three caespitose species from 
alpine to subalpine areas of northwestern Argentina and 
adjacent areas of Bolivia and northern Chile, Planchuelo 
and Dunn (1980), have clarifi ed the problem of misin-
terpreted and clerically mixed materials in the isotypes 
of L. grisebachianus C. P.Sm.; L. subacaulis Gris. and 
L. subinfl atus C.P.Sm.

As other example, a big nomenclature change of species 
names was done by Dunn and Planchuelo (1981) by the 
analysis of original species description and representative 
type materials of Lupinus heptaphyllus (Vell.) Hassl. and 
L. hilarianus Benth., which concluded with the validation 
of the species name L. gibertianus C.P.Sm. For the same 
group of species Planchuelo and Fuentes (2001) resolved 
the identifi cation of the correct specimen to be assigned as a 
type material of L. hilarianus var. pseudolinearis (Hassler) 
C.P.Sm., which description was based on the left-hand speci-
men of the collection of Muniez 6, at the Geneva herbarium 
(G). Due to the fact that the Muniez 6, specimen includes 
two plants that represent two different taxa and that the place 
assigned by Smith for each taxa does not match his descrip-
tions in the actual mounted sheet, was assumed that either 
Smith had a reversed printed photograph from where he was 
making the diagnosis of the specimen, or that the collection 
was remounted on a new sheet with the two plants fi xed in 
different positions. Finally the type material was identifi ed 
in a correct way and different letters were assigned to each 
one of the plant mounted in the herbarium sheet. 

In other case, the collector number Jorgensen 1122, 
has several specimens which belong to different species. 
The specimen at Dudley Herbarium (DS) was desi-
gnated as holotype of L. jorgenseanus C.P.Sm. but the 
specimen from the same collector number at the Univer-
sity of California (UC) was cited by the same author as 
L. lilloanus C.P.Sm.

This misinterpretation of type materials are only few 
examples of the large amount of species which types spe-
cimens are not well defi ned and need to be reviewed.

2. Establishment of the truly diagnostic morpho-
logical characters for species identifi cation

The life span of the plants is an important biological 
character, but sometimes the identifi cation of annual, bien-
nial or perennial plant habit is diffi cult to be determined. 
In some non shrubby perennial lupins the aerial part die, 
and only the portions that remain alive throughout the 
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following season are the root and a caudex (perennial stem 
that is either underground or near ground).  In the new 
season, the aerial portion regrows similar to an herbaceous 
annual plant; consequently, herbarium specimens which 
do not have the underground portion of the plant could 
not be interpreted as perennial. Plant architecture is also 
important to be considered and the degree of divergence 
in the genus can be illustrated by the extreme example 
of comparing a tree-like shrub such L. albifrons Benth., 
that usually reach 3 m and L. buchienii Rusby, that are no 
more than 3 cm tall. In between those extremes the branch 
system present several modifi cations, alpine plants often 
are prostrate or caespitoses, those of middle and lower 
altitudes most frequently are herbaceous, usually more 
or less tufted bushes with ligneous stems. 

The morphology of vegetative parts, such as stems and 
leaves are easy to be taken into account for taxonomic 
purpose and are the ones used as major classifi cation 
items in the genus. Figure 1 shows some examples of 
vegetative diagnostic characters. The stems have several 
features that depend on the ecological condition where 
the plant grows. Several species present fi stulose or sub-
fi stulose infl ated stems 4 cm or more in diameter such as 
L. alopecuroides Desr. In contrast, shrubby plants present 
ligneous stems with solid or hollows pith. In mountain 
regions, savannah, and steppes, the plants normally reduce 
the elongation of internodes, developing a more prolifi c 
branching system, thicken stems, and usually have more 
trichomes per unit area. Lupinus subacaulis and L. grise-
bachianus are typical examples of caepitose plants with 

Figure 1. Examples of vegetative diagnostic characters: 1. Different kinds of stems. 2. Different kinds of pubescence: 
A-straight long hairs: ascending, subappressed, and appressed with an undercoat of kinky short canescent hairs; 
B-different lengths of straight hairs; C-soft lanate hairs. 3. Different kinds of stipules: D-without a free tip, E-
with a free tip, and F-with a foliaceous free tip. 4. Petioles, G-cylindrical, and H-with two green wings of foliar 
tissue on the sides.
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Figure 2. Diagnostic characters in the Lupinus fl owers: F-whole fl ower, left lateral view; B-banner, W-wing; K-keel; 
Ca-calyx, inside view, cut open at the left lateral sinus; L-leafl et. Br=bract; 1=length; w=width.

short internodes, and with a rosette of leaves at the base. 
Those morphological characteristics are well correlated 
with regions with intense light conditions. On the other 
hand, plants growing in competitive conditions for light 
normally develop elongated internodes and become tall 
with few basal branches. 

Blade number is one of the major classifi cation fe-
atures for the separation of species in different groups. 
Agardh (1835) recognized two groups, one comprises 
the simple leaved lupins “Foliis integris” and the other 
“Foliis digitatis” the palmate-compound leaved. Ben-
tham (1859), in the treatment of Lupinus for the fl ora of 
Brazil (Flora Brasiliensis edited by Martius et al. from 
1840 till 1906) also divided the genus into two groups, 
the “Simplicifolieae” (simple leaved) and the “Digitatae” 
(palmate-compound leaved). The characters of simple 

leaves in the adult plant, the combination of simple and 
compound leaves in adult plant or at juvenile stage, as 
well as the presence of only compound leaves, can be 
used as discriminate features for species identifi cation. 
The three-foliate leaves of L. comptus Mart., is a specifi c 
diagnostic character for this species.  Petiole length vary 
widely, can be very short as in L. subsessilis Benth., or 
obsolete as in L. parvifolius Gardn., to extremely long, 
more than 20 cm in basal leaves of some species such as 
L. polyphyllus Lindl. Stipules contribute with characters 
useful for species identifi cation. They are usually present 
with a basal portion adnate to the petiole and/or stem, and 
with a free portion of different shape, length and width. 
In few cases the free portion are foliaceous as in L. ma-
gnistipulatus Planchuelo & Dunn, L. setifolius Planchuelo 
& Dunn and L. bracteolaris Desr., and in others they are 
absent as in L. coriaceus Benth. 
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The fl oral characters are the most constant to be 
taken into account as diagnostic features to defi ne taxa 
levels. Figure 2 shows examples of fl ower characters for 
species description and keys. The principal reproductive 
diagnostic characters are listed below.
– Raceme length and fl ower arrangement.
– Bract length, width and pubescent in the dorsal side.
– Calyx shape and pubescence; lower-lip form, length 

and width and lower-lip tip; upper-lip total length and 
lobes length and width.

– Bracteole shape, length, width and position.
– Banner shape, pubescence, length, width, refl exed 

length, appressed length, refl exed/appressed ratio and 
angle.

– Wing length and width; claw length; lobe width; cili-
ation characteristics, angle and width in the middle.

– Ovule number.
– Fruit sizes and pubescence.
– Seeds sizes, seed coat surface texture, color and hilar 

regions characteristics.

3. List of correct synonyms for each 
validate species

Taking into account the rules of Botanical Nomencla-
ture and following the principle of priority, only the oldest 
valid scientifi c name is correct to designate each species; 
all the other scientifi c names from which the species was 
known should be considered synonyms. As an example 
of taxonomic synonyms, citation of two South American 
species, the fi rst one from the ATL Sub-regions and the 
second one from the AND Sub-region, is presented.

Lupinus albescence Hook. & Arnott., Bot. Misc. 3: 201. 
April 1833. Type: Uruguay. Place unknown, Baird s.n. 
(Holotype, K: H-82/77-7, only the two plants on the 
right side of the herbarium sheet). Synonyms: L. inca-
nus Graham, In: Curtis, 1833. Bot. Magaz. 60. Type: 
Illustration t. 3283 Bot. Magaz. 1833. L. parodianus 
C.P.Sm., Sp. Lup. 208. 1940. Type: Argentina. Buenos 
Aires, Parodi 2530 (Holotype, GH; isotype, BAA).

Lupinus ignobilis C.P.Sm., Species Lupinorum : 337. 
1944. Type: Argentina: Prov. Salta: Dpto. San Carlos, 
Venturi 6679 (Holotype:  US). Synonyms : L. inferior 
C.P.Sm., Sp. Lup.: 338. 1944. Type: Argentina: Prov. 
Jujuy:  Dpto. Tumbaya, Venturi 9292 (Holotype: US). 
L. bailettianus C.P.Sm., Sp. Lup.: 345. 1944.  Type: 
Argentina: Prov. Tucumán:  Dpto. Burruyacu, Bailetti 
264 (Holotype: DS, Isotype LIL). L. resimus C.P.Sm., 
Sp. Lup.: 347. 1944. Type: Prov. Jujuy: Dpto. El Volcán, 
Castillón 9260 (Holotype: DS).

4. Construction of morphological key to facilitate 
species identifi cation.

Dichotomous keys are considered the most appropriate 
tool for species identifi cation. The value of the taxonomic 
key depends on the judgment employed by the taxonomist 

in choosing the morphological features, which are suffi -
ciently constant and notorious for the recognition of the 
taxa, without considering their phylogenetic relationship 
among the other taxa that share the same key dilemma. 
The following is an example of identifi cation key for six 
species natives in the Atlantic Sub-Region.

1a. Basal leaves and fi rst leaf of each lateral branch simple, 
the others palmately compound.

L. paraguariensis 
1b. All leaves of mature plants palmately compound but 

some times with few basal simple leaves on juvenile 
stage of the plant.

 2a. Wing tips with an upturned tooth like tip.
 3a. Leaves primarily cauline; stems erect, bran-

ching above.
L. albescens

3b. Leaves primarily basal; stems with branches 
primarily basal.

L. aureonitens
 2b. Wing tips rounded, without a tooth like tip.

4a. Leafl ets mostly broadly obovate or bro-
adly oblanceolate with the tips rounded. 
Stipules foliaceous, with free portion 
ovate-lanceolate, 8-15 mm wide.
5a. Leafl ets thinly fl occose-lanate on both 

sides. Short-lived perennial.
L. magnistipulatus

5b. Leafl ets glabrous on both sides except 
for setaceous hairs on the midrib, 
major veins, and occasionally scatte-
red along some areas of the margins. 
Biennials.

L. setifolius
4b. Leafl ets all narrowly elliptic to narrowly 

oblanceolate with tips acute or obtuse. 
Stipules not foliaceous, with free portion 
lance-attenuate, 2-5 mm exceptionally 6 
mm wide.

6a. Leaf lets abundantly f loccose-
lanate or thinly lanate, the larger 
7-11 cm long. Stipules 3-8.5 cm 
long. Lower lip op the calyx often 
enlarging and foliaceous as fruit 
develops.

L. lanatus
6b. Leafl ets densely lanate to densely 

sericeous, the larger 4-5 cm long, 
rarely to 7 cm long. Stipules 1.5-2.6 
cm long. Calyx not enlarging as 
fruit develops.

L. multifl orus
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CONCLUSIONS
 Identifi cation of correct type materials for the vali-

dation of each species name is mandatory in all species 
taxonomic reviews, mostly in cases were specimens 
from the same collector and identical number below to 
different taxon. Description of species by morphological 
characters, as well as the defi nition of synonyms list, 
contribute to understand the morphological expressions of 
each species and to establish its boundary from a pool of 
taxa for which the morphological expressions are sharing 
similar features. Moreover, morphological keys dilemmas 
are one of the most useful tools in species identifi cation. 
This morphological approach is recommended as the fi rst 
step to prepare a monograph review of Lupinus for South 
America and for any other part of the world were Lupinus 
species are growing wild.
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ABSTRACT
Endosymbiotic bacteria of Lupinus mariae-josephi, 

a recently described species of Lupinus (Pascual, 2004; 
Mahé et al., 2011) thriving in soils with high pH and 
active lime content, were identifi ed as members of a 
new lineage within Bradyrhizobium genus (Sanchez-
Cañizares et al., 2011). By using L. mariae-josephi trap 
plants, about seventy isolates were randomly chosen 
from more than 200 isolates obtained from soils of 
the four recorded geographical locations (Gandía, 
Llombai, Monserrat and Xàtiva) where it grows in 
the Valencia province (Spain). Genomic DNA from 
these isolates was fi ngerprinted by a M13 Random 
Amplified Polymorphic DNA (RAPD) technique. 
Nineteen distinct RAPD patterns were identifi ed and 
the corresponding dendrogram was constructed. No 
geographical correlation was found in the distribu-
tion of RAPD profi les. One isolate from each of the 
19 RAPD patterns was chosen for further studies. 
Phylogenetic analysis was performed based on rel-
evant housekeeping genes. Phylogeny analysis based 
on 16S rRNA gene sequences showed that all the iso-
lates from the four geographical locations belong to 
Bradyrhizobium genus and gather in a clade clearly 
different from the B. japonicum lineages. Maximum 
likelihood phylogenies based on glnII, recA and atpD 
genes identifi ed six signifi cantly different (in bootstrap 
terms) groups (Group A to Group G). This distribu-
tion was confi rmed by phylogenetic trees based on 
ITS sequences. The consistence of these phylogenetic 
groups is being analyzed by phenotypic properties and 
proteomic characterization by whole cell MALDI-TOF 
mass spectrometry methodology.  Symbiotic profi le 

of L. mariae-josephi strains is also being defi ned at 
present by legume host cross-inoculation studies and 
symbiotic gene phylogeny. Results so far suggest that 
the unique, geographically constrained lupin species 
L. mariae-josephi is nodulated by a diverse group of 
bradyrhizobia.

KEY WORDS
Lupinus mariae-josephi, Bradyrhizobium, phylogeny, 
symbiosis, genetic diversity

INTRODUCTION
Certain Gram-negative soil bacteria, collectively 

known as rhizobia, are able to establish a nitrogen-fi x-
ing symbiosis with legume plants under certain condi-
tions of nitrogen deprivation. The nitrogen (N2) fi xation 
process occurs inside nodules on the legume plant roots. 
Although rhizobia share the specifi c biological function 
of symbiotic profi ciency with legume plants, they spread 
over very large phylogenetic distances. The Faboideae 
legume subfamily is characterized by N2-fi xation and 
by high protein content in plants and grains, for which 
many species are cultivated as crop plants and a source of 
protein. Within the Faboideae, Lupinus is a diverse genus 
comprising over 600 species (Planchuelo, 1994) that grow 
in a wide range of ecological conditions and geographic 
distributions, thriving mainly in nutrient-poor acid soils 
and arid climate where cultivation of more demanding 
crops is problematic.
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The Lupinus is well known as a taxonomic complex 
genus within the Genisteae tribe (Aïnouche et al., 2004). 
Based on broad studies of systematics and evolution it was 
considered, , as an isolated lineage containing four solid 
clades (Hughes and Eastwood, 2006). The four clades 
correlate with geographical distribution, and one of them 
includes the Lupinus spp. from the Old World. Within 
this clade, six Lupinus species are native of the Iberian 
Peninsula (the yellow lupin L. luteus, the narrow-leaf, 
blue lupin L. angustifolius, L. cosentinii, L. hispanicus, 
L. gredensis (L. hispanicus subsp. bicolor) and L. micran-
thus) and two more recently introduced species (L. albus 
and L. polyphyllus) (Castroviejo and Pascual, 1999). All 
these lupin species grow mainly in acid or neutral soils 
(pH 5.0-7.0).

A recently described species of Lupinus (L. mariae-
josephi) (Pascual, 2004) is endemic of an area of the 
Valencia province, Eastern Spain. Remarkably, in contrast 
with other Lupinus species adapted to grow in acid soils, 
L. mariae-josephi thrives in soils with high pH (>8.0) 
and active lime content (Navarro et al., 2006). A recent 
taxonomic study placed L. mariae-josephi in a unique 
phylogenetic position within the Lupinus (Mahé et al., 
2011).

Lupinus spp. are nodulated mainly by slow-growing 
strains classifi ed in the genus Bradyrhizobium (Barrera 
et al., 1997). Despite the wide diversity in the Brady-
rhizobium only eleven species have been described so 
far. Most of the lupin-nodulating bradyrhizobia form an 
heterogeneous groups, which has been included in the B. 
japonicum and B. canariense lineages. An initial charac-
terization showed that L. mariae-josephi endosymbionts 
(Lmj isolates) obtained from the Llombai area in the 
Valencia province are extra-slow growing bacteria that 
belong to the genus Bradyrhizobium (Sánchez-Cañizares 
et al., 2011). In this work we obtained over 200 Lmj isolates 
from soil samples from the four geographical locations 
in the Valencia province where L. mariae-josephi plants 
have been recorded, and the diversity of these bacterial 
populations was studied using genetic, phenotypic and 
proteomic techniques. 

MATERIALS AND METHODS
The endosymbiotic bacteria of L. mariae-josephi were 

isolated from soils samples of different plant spots in 
four geographic locations in Valencia province (Gandía, 
Llombai, Monserrat and Xàtiva) using trap-plants in the 
greenhouse. About 70 isolates were purifi ed and tested for 
nodulation and nitrogen fi xation  capacity in L. mariae-
josephi.  Sequences from the different  isolates were 
obtained by PCR as described in Sánchez-Cañizares et 
al., 2011. In order to eliminate repetetive strains for next 
assays, genomic DNA from these isolates was fi nger-
printed by a M13 Random Amplifi ed Polymorphic DNA 

(RAPD) technique.  Phylogenetic analysis was performed 
by computational software MEGA 4.0 (Tamura et al., 
2007) and following methods described in a previous 
study (Sánchez-Cañizares et al., 2011).

RESULTS
In all cases, L. mariae-josephi trap plants used to 

isolate endosymbiotic bacteria presented a small number 
of nodules (1 to 10 per plant), indicating a low density 
of specifi c rhizobia in the soil samples. Seventy of these 
isolates (designated Lmj strains) were randomly selected 
and their nitrogen fi xation effi ciency tested. All of them 
fi x nitrogen effi ciently and are extra-slow growing bac-
teria (generation time 15 – 20 hours). The geographical 
distribution of strains is shown in Table 1. The higher 
number of isolates from Llombai is consistent with the 
higher number of plant spots in this locality. 

In order to investigate the diversity of this group of 
Lmj bacterial strains, they were analyzed using a M13 
Random Amplifi ed Polymorphic DNA (RAPD) tech-
nique. Nineteen different profi les were observed, each 
one containing strains that were isolated from a single 
geographic location (Table 1). This narrow geographic 
distribution of RAPD patterns suggests both an inde-
pendent evolution and an absence of strain movement 
from site to site.

One isolate from each of the nineteen RAPD patterns 
was chosen for phenotypic and phylogenetic analyses 
below.

Phylogeny based on 16S rDNA

Nearly full length sequence of the 16SrDNA (~1,400 
bp) were obtained from the L. mariae-josephi strains, 
related and reference strains (see below), and a maxi-
mum likelihood phylogenetic tree was constructed using 
Bosea thiooxidans as outgroup (Fig. 1). The 16S rDNA 
phylogenetic tree showed that all the L. mariae-josephi 
isolates tested belonged to the genus Bradyrhizobium and 
gathered in a unique clade. This clade also embraces the 
following: B. elkanii strain USDA76, isolates from Retama 
spp. growing in Algeria (Boulila et al., 2009) and from 
lima bean (Phaseolus lunatus) growing in Perú (Ormeño-
Orrillo et al., 2006), as well type strains of B. jicamae, 
B. pachyrhizi and B. lablabi. This clade is remarkably 
divergent from the clade that embraces well-defi ned and 
named species of Bradyrizobium, including B. japonicum 
and B. canariense.

Phylogeny based on housekeeping genes 

Phylogenetic analysis based on concatenation of rel-
evant housekeeping gene sequences (glnII, recA and atpD) 
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was performed in order to defi ne a more robust phylogeny 
of the L. mariae-josephi rhizobia. Consistently with the 
16S rDNA phylogenetic analysis, the concatenated tree 
differentiated again two clades within the Bradyrhizobium 
genus. L. mariae-josephi strains were distributed in seven 
signifi cantly different groups (group A to G) close to type 
strains of B. jicamae, B. pachyrhizi, B. lablabi, and to 
B. elkanii USDA76 (Fig. 2). This phylogenetic distribution 
was confi rmed by additional trees based on ITS sequences 
(data not shown). Most of the Lmj strain groups contain 
only L. mariae-josephi strains (groups A, B, D, E, G). 
Groups C and F interestingly include additional strains 
from Retama spp. thriving in Northern Algeria.

Phylogeny based on nodC gene

The maximum likelihood analysis based on the sym-
biotic nodC gene was performed using a sequence of 681 
bp obtained from L. mariae-josephi and related isolates, as 
well as type strains, and using Azorhizobium caulinodans 
ORS571 as outgroup (Fig. 3). All the nodC sequences 
from Lmj isolates shared a high percentage of similarity 
(98%) and gathered into two distinct groups. Group 1 
included strains clustering together with strains isolated 
from Retama spp., while Group 2 contained only isolates 

from L. mariae-josephi. This suggests an independent 
evolutionary origin of nodC genes from both groups.

To examine the consistency of the above phylogenetic 
grouping, phenotypic and proteomic tests are being per-
formed at present. Preliminary results from proteomic 
analysis by whole cell MALDI-TOF mass spectrometry 
are consistent with the 16S rDNA phylogeny (data not 
shown).

CONCLUSION
According to maximum likelihood phylogenetic 

analyses based on the 16S rDNA sequences and the concat-
enated genes glnII, recA and atpD, all the endosymbiotic 
bacteria isolated from L. mariae-josephi in four locations 
in the Valencia province group in a new clade within the 
Bradyrhizobium genus. This clade is well differentiated 
from a distinct clade which includes previously defi ned 
Bradyrhizobium species and also all the known symbiotic 
from other lupins of the Iberian Peninsula (Jarabo et al., 
2003, Sánchez-Cañizares et al., 2011).  The phylogenetic 
analyses performed in this research distribute L. mariae-
josephi strains into seven groups that may represent 
potential new genospecies. Phylogenies based on the sym-
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biotic gene nodC defi ned two clearly distinct groups. The 
above analyses indicate that the unique, geographically 
constrained lupin species L. mariae-josephi is nodulated 
by a diverse group of bradyrhizobia.
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Figure 1. Maximum likelihood phylogenetic tree showing relationships of nodule isolates from Lupinus mariae-josephi 
and reference strains based on 16S rDNA gene sequences (∼1400bp). Strains designated Lmj have been isolated 
from L. mariae-josephi nodules. Bootstrap values (greater than 70%) are indicated in the branch point. The scale 
bar shows the number of substitutions per site. Abbreviations: B, Beta; C, Cytisus; Ch, Chamaecytisus; E, Entada; 
G, Glycine; L, Lablab; Lesp, Lespedeza; Ph, Phaseolus; Pa, Pachyrhizus; R, Retama; T, Teline.
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Figure 2. Maximum likehood phylogenetic tree based on the concatenated glnII, recA and atpD genes. Strains desig-
nated Lmj have been isolated from L. mariae-josephi nodules. Bootstrap values (greater than 70%) are indicated 
in the branch point. The scale bar shows the number of substitutions per site. Abbreviations are defi ned in the 
legend for Fig. 1.
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Figure 3. Maximum likelihood  phylogenetic analysis based on the nodC gene. Strains designated Lmj have been 
isolated from L. mariae-josephi nodules. Bootstrap values (greater than 70%) are indicated in the branch point. 
The scale bar shows the number of substitutions per site. Abbreviations are defi ned in the legend for Fig. 1.
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ABSTRACT
As part of the project ”Innovative regionale Wach-

stumskerne: PlantsProFood“ funded by the German 
Federal Ministry of Education and Research 60.000 
seeds of narrow-leafed lupin (Lupinus angustifolius L.), 
cv. ‘Haags Blaue’, cv. ‘Probor’ and cv. ‘Boregine’ were 
treated in 2009 with ethylmethanesulfonate (EMS) in 
order to induce mutations. The resulting M2 genera-
tion was analysed at two locations (Bocksee and Groß 
Lüsewitz, Mecklenburg Pommerania) in 2010. Aber-
rant plants were scored for leaf shape, leaf colour, leaf 
density and leaf position, vigour, branching type, stem 
colour, petal colour, pod colour and pod type. They 
were harvested separately. About 150, 140, and 180 
aberrant plants of cv. ‘Haags Blaue’, cv. ‘Probor’, and 
cv. ‘Boregine’, respectively, were harvested separately 
to form M3 lines. The M3 lines will be checked in 2011 
for line homogeneity, and verifi cation of the aberrant 
trait. The mutant lines might be suited to improve 
agronomic characters such as seed yield, and disease 
resistance in lupins. 

KEY WORDS
ethylmethansulfonate, EMS, mutation, Lupinus angusti-
folius L., aberrant plants

INTRODUCTION
The sweet lupin breeding in Germany dates back to 

the 1930’s. Before this, lupins were selected because of 
their importance for soil improvement, and animal feed. 
The use of grains for both animal and human nutrition 
was limited by the presence of bitter alkaloids. The 
crucial step in breeding sweet lupins was made by von 
Sengbusch (Germany) in 1928/29, who discovered the 

fi rst low-alkaloid plants in L. luteus and L. angustifolius 
(Hondelmann 1996, Cowling 1998). The domestication 
of these species is characterised by a strong decrease of 
genetic variability due to the selection of very few sweet 
seeds carrying a spontaneous mutation for low alkaloid 
content, which were the source for the breeding of sweet 
varieties (Hondelmann 1996). But the breeding of modern 
varieties which meet the challenges of changed agronomic 
conditions as well as changed markets for the grain crop 
needs suffi cient genetic variability.

The paper reports on the fi rst results of a mutation 
breeding program with modern sweet lupin varieties. 

MATERIALS AND METHODS
Mutagenic treatment was applied to cv. ‘Haags Blaue’, 

cv. ‘Probor’, and cv. ‘Boregine’ (breeder Saatzucht 
Steinach GmbH & Co KG). The variety ‘Haags Blaue’ 
is a determined type and the youngest lupin variety in 
Germany. The varieties ‘Boregine’ and ‘Probor’ are 
branched types. ‘Probor’ is the variety with the highest 
crude protein content, and ‘Boregine’ the variety with the 
highest seed yield.  

A solution of 1.75% ethylmethansulfonate (EMS; 
Sigma-Aldrich ® Germany) was used. After soaking with 
water, each 20.000 seeds were submerged for four hours 
in the EMS solution. After EMS application, they were 
decontaminated with 250 mM sodium thiosulfate, rinsed 
with tap water, and dried back for sowing (Rudloff et al. 
2008). The seeds were sown in separate plots for each 
variety and the fertile plants (M1 generation) formed M2 
generation which were harvested as separate bulks. The 
M2 generation inspected in 2010 involved 4.200, 8.400, 
and 8.400 M2 plants of ‘Boregine’, Haags Blaue, and 
‘Probor’, respectively. It was analysed at two locations 
(Bocksee and Groß Lüsewitz, Mecklenburg Pommerania). 
Aberrant plants were harvested separately. Pods per plant, 



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE 41

seeds per plant, seed colour, and seed yield per plant were 
scored for every aberrant plant. In 2011 M3 lines of 40 
plants each will be checked for homogeneity and verifi ca-
tion of the aberrant trait at the location Bocksee. 

RESULTS AND DISCUSSION

M1 plants 

The three varieties showed a different reaction to 
the EMS treatment regarding plant vigour and fertility 
(number of seeds per plant). Compared to normal plant 
development the strongest decreased vigour was observed 
in ‘Boregine’ whereas in ‘Haags Blaue’ it was slightly 
decreased, and ‘Probor’ showed only marginal infl u-
ence. ‘Boregine’ displayed a strong decrease in fl ower 
number, and pod set, too, resulting in low fertility.  The 
seed amount harvested was 1.1 kg in ‘Boregine’, 10.7 kg 
in ‘Haags Blaue’, and 31.2 kg in ‘Probor’.

M2 plants

The M2 plants were scored according leaf shape, leaf 
colour, leaf density, leaf position, fl ower colour, plant 
vigour, branching type, stem colour, pod colour, and pod 
type. The number of aberrant plants was lowest in ‘Probor’ 
(140 plants), followed by ‘Haags Blaue’, and ‘Boregine’ 
with 150, and 180 aberrant plants, respectively. The 
number of aberrant traits and trait combinations was 80 
in ‘Probor’, 88 in ‘Haags Blaue’, and 56 in ‘Boregine’.

Although ‘Probor’ displayed higher fertility in M1, the 
number of aberrant M2 plants was lower. On the other 
hand ‘Haags Blaue’ and ‘Boregine’ displayed a lower 
fertility, but gave a higher number of aberrant plants. 
That indicates that variety differences, e.g. in seed coat 
permeability, may decrease the absorption of EMS, which 
results in a lower impact on plant vigour and in a lower 
mutagenic effect (i.e. number of aberrant plants).

After harvesting the aberrant plants, the number 
of pods per plants, seeds per pods, and the seed colour 
was estimated. In some cases different types of aberrant 
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plants were identifi ed for a respective trait: for leaf colour 
‘dark-green leaf’ (b), and ‘chlorophyll defi cient leaf’ (h); 
for leaf shape: ‘narrow-leafed’ (nl), for vigour: ‘dwarf’ 
(dw), and ‘small’ (min), for fl ower colour: ‘light pink’ (hp) 
and for branching type: ‘branches in the upper third of 
the stem’ (hb), ‘basal branches’ (bb), and ‘no branches’ 
(zb) (Fig. 1a-d). 

The seed yield of the aberrant M2 plants displayed a 
great variability. It seemed to be infl uenced by the vigour 
of the aberrant type. Types which are associated with de-
creased vigour (‘dw’, ‘min’) or  chlorophyll defi cient leaves 
(‘h’) displayed lower seed yield than vigorous types, e.g. 
‘hb’, ‘bb’, and ‘zb’ (Fig. 2).  This confi rms results for cv. 
‘Boruta’ reported by Rudloff et al. (2008). 

The occurrence of aberrant phenotypes indicated 
the capability of EMS treatment to induce novel genetic 
variability in narrow-leafed lupin (L. angustifolius L.). 
Further investigations will show, if mutant lines are suited 
to improve agronomic characters such as seed yield, seed 
ingredients, and disease resistance in lupins.
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ABSTRACT
Leaves epidermis features from ten Lupinus species 

natives in the South American Atlantic Sub-Region 
were studied and illustrated. Pubescence density va-
ries widely, only in three species the adaxial side was 
glabrous in all the other hairs were present in both 
sides. The leaves structures were amphiestomatic with 
stomata present in both surfaces. Most of them were 
anomocytic but also some anisocytic stomata were fo-
und. In all the species the trichomes are nonglandular. 
The bi-cellular hairs has one basal cell, and one apical 
cell with a basal globular structure which has a dense 
cellular content, and a long acicular apical portion 
with a central clear channel. Only two species have 
bi-cellular hairs and also pluri-cellular hairs with 
multiple cells distributed in one strait line.

KEY WORDS
leaf epidermis, trichomes, stomata, Lupinus, South 
American

INTRODUCTION
Leaf is one of the most diversifi ed organs in angio-

sperms and therefore, its anatomy and tissue features 
could have several potential taxonomic signifi cances 
(Carlquist, 1961). Leaf epidermis is a multifunctional 
tissue in charge of regulating oxygen and CO2 exchange 
for photosynthesis and respiration, control plant tempera-
ture and regulate the water losses by transpiration. Also, 
it plays an important ecological role in plant protection 
as the fi rst barrier for defense of dangerous environment 
conditions and pathogens. The single cell outermost 
layer which characterized the epidermis tissue in leaves 
is constituted by several types of cells, each one with 
different morphology and function (Evert, 2008). The 
anatomical features of epidermal cells, stomata guard 

cells, subsidiary cells and epidermal hairs or trichomes, 
present characters that can be analyzed for its taxonomic 
value. Leaf epidermal anatomy for Lupinus was studied 
by Golovchenko (1999) in fi ve European, three American 
and two genetic hybrid taxa. Besides, scanning electronic 
microscope photographs of leaves hair types of two South 
American species were illustrated by Planchuelo and 
Dunn (1989) and the alkanes components of the epidermal 
waxes cuticle were analyzed in relation to plant environ-
mental conditions and species taxonomy by Merino et al. 
(1999). In this paper epidermis cell characteristics, hair 
morphology and density on both surfaces of leaves and 
leafl ets were investigated with the aim of exploring its 
taxonomic diagnostic value. The study was done with 10 
Lupinus species natives in the South American Atlantic 
Sub-Region. This research is part of a new approach in a 
lupin project designed to provide a better understanding 
of the relationship between plant anatomy and species 
distribution, plant environmental conditions, species 
taxonomy and genus phylogeny.

MATERIAL AND METHODS
For this preliminary review several herbarium speci-

mens from 10 species native to the Atlantic Sub-Region 
of South America (Planchuelo-Ravelo, 1984; Planchuelo, 
1994) were selected. Pubescence on each side of leaf or 
leafl et blade was evaluated in dried materials with 20-
40x magnifying lens and the hair density was codifi ed 
according to Planchuelo and Carreras (2011), in a scale 
from 0 to 4 where: 0=glabrous; 1=scattered pubescent in 
nerves and borders; 2=scattered pubescent in all surface; 
3=densely pubescent; 4=lanate. Only one well developed 
leaf or leafl et blade from a dried specimen was detached 
and used for the anatomical study in each species. The dry 
materials were placed in Petri dishes with warm water for 
a few minutes to soften the tissues until became unfolded. 
The middle portion of the soften leaf or leafl et was placed 
in a glass beaker fi lled with a 3% solution of potassium 
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hydroxide and kept in hot water bath for about 20 minutes. 
Afterward the pieces were washed with distillate water 
and placed on a glass slide. Epidermal cells morphology 
was studied in hydrated material using the techniques of 
D’Ambrogio (1986). To observe the morphology of epi-

dermal adaxial surface, the leafl et pieces were placed on a 
glass slide with the abaxial surface in an upright position, 
then this epidermis and the mesophyll cells were scrapped 
out until only the adaxial epidermis was left and all the 
above tissue materials were removed with the help of a 

Figure 1. A, L. albescens Gilles: A1, general view, adaxial side, 40×; A2, detail showing stomata and hairs on aba-
xial side, 400×.- B, L. arenarius Gardner: B1, general view of abaxial side, 100×; B2, detail view of adaxial side 
showing portions bi-cellular hairs and three very small pluri-cellular hairs, 400×; B3, detail of abaxial side sho-
wing stomata covering with the basal portion of bi-cellular hairs, 400×; B4, detail view of cuticle ornamentation 
of apical portion in bi-cellular hairs, 600×.- C. L. bracteolaris Desr.: C1, general view of adaxial side, 40×; C2, 
general view of abaxial side, 40×.- D. L. coriaceus Benth.: D1, general view of adaxial side, showing anisocytic 
stomata, 400×; D2, detail view of long hair on abaxial side, 100×.- E. L. crotalarioides C. Mart. ex Benth.: E1, 
detail of basal portion of bi-cellular hair showing the radiate epidermis cells around the hair, 400×.
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camel hairbrush. The remained transparent epidermis 
surface was turned upside down and stained with 1% 
safranin in 50% alcohol. The same procedure was done 
for the abaxial epidermis, by placing the treated leaf or 
leafl et pieces with the adaxial side in upright position. The 
extracted epidermis was mounted as a semi-permanent 
anatomical material to be observed under a light microsco-
pe. Micro-photographs were taken using a digital camera 
mounted on a Zeiss optical microscope. For each species 
the epidermis of adaxial and abaxial surface was analyzed 
and stomata structure and disposition, number of radiate 
cells around the trichomes, as well as the pubescence 
density and trichomes morphology were recorded.

RESULTS
Table 1, shows the epidermis characteristics of species 

with simple leaves, compound leaves, and a mixture of 

Figure 2.  A, L. gibertianus C.P.Sm.: A1, view of stomata on glabrous adaxial side, 400×.- B, L. linearis Desr.: B1, 
general view of abaxial side showing few bi-cellular hairs, 100×.- C, L. magnistipulatus Planchuelo & Dunn: C1, 
general view of adaxial side showing bi-cellular hairs, 100×; C2, detail bi-cellular hair separated from epidermis 
100×; C3, detail view of basal portion of bi-cellular hair, 400×.- D. L. paraguariensis Chodat & Hass.: D1, general 
view of abaxial face sowing the hairs in the lanate pubescence, 40×; D2, detail view of bi-cellular hairs, 100×.- E. 
L. velutinus Benth., E1, detail of one small pluri-cellular hair on abaxial side, 400×.; E2, detail of cuticule orna-
mentation of apical portion of bi-cellular hair, 400×.

both type of leaves from juvenile and adult plant. As it 
can be seen, the leaves of all studied species are amphi-
stomatic with stomata present on both surfaces. Most of 
the species have only one kind of stomata, in L. arenarius, 
L. bracteolaris L. crotalariodes, L. gibertianus and L. li-
nearis the stomata are anomocytic which is characterized 
by indistinguishable epidermical cells surrounding each 
stoma, but in L. coriaceus they are anisocytic surrounded 
by three cells of which one is distinctly smaller than the 
other two. On the other hand, L. albescens, L. magnisti-
pulatus, L. paraguariensis and L. velutinus present the 
combination of both types of stomata on both surfaces of 
leaves or leafl ets blade. 

Pubescence density varies widely. In few species the 
adaxial side was glabrous (codifi ed=0) as L. gibertianus 
and L. linearis or with few or no hair at all as L. coriaceus 
(codifi ed=0-1), meanwhile in all the other species, hair 
density ranges from scattered pubescence (codifi ed=1-2) 
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as in L. bracteolaris to densely pubescent (codifi ed=3) 
as in L. arenarius, while in L. magnistipulatus the pube-
scence was lanate (codifi ed=4). The abaxial surface was 
always more hairy than the adaxial surface and in none 
of the species it was glabrous.

In all the species the trichomes are nonglandular. The 
more common hairs are bi-cellular with a basal cell at the 
level of other epidermal cells and an apical cell which 
has a basal globular structure with cell content, and a 
long acicular apical portion with a central clear channel. 
In L. arenarius and L. velutinus two kind of hair covers 
were found. One type of hair cover has the type of hair 
described before and the other has short soft and pluri-
cellular hairs with multiple cells distributed in one strait 
line. The number of radiate cells at the base of each hair 
varies from eight to ten but in some species, such as L. 
linearis, there were only six of them and in other species 
12 and 13 cells were found. 

CONCLUSION
The epidermis tissue in each species shows a particular 

combination of characteristics in the stomata structure, 
as well as in their distribution. The pubescence density 
and the type of hairs, make epidermal features important 
taxonomic discrimination markers. In this study it was 
not possible to fi nd any relationship between hair cover 
characteristics and environment condition protection; 
however, as it is known, the dense coating of hairs help 
to refl ect solar radiation and it is usually a protective plant 
adaptation to reduce evaporation in hot and open habitat 
such as the ones in where L. arenarius, L. magnistipula-
tus and L. velutinus are growing. Additional research is 
underway to complete the analysis of other species and 
to establish possible morphological comparative features 
between species from other regions.
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ABSTRACT
In grain legumes like Lupinus angustifolius (L.) 

(narrow-leafed lupin; NLL), an important class of 
proteins for human and animal nutrition are the seed 
storage proteins. Genes encoding the seed storage pro-
teins of NLL were characterised by sequencing cDNA 
clones derived from developing seeds. Over 40% of the 
total ESTs (Expressed Sequence Tags) from NLL seeds 
at the maximum seed fi lling stage were identifi ed as 
conglutins. Four families of seed storage proteins were 
identifi ed and comprised three unique α, seven β, two 
γ and four δ conglutin sequences. The most abundant 
conglutin family was β (56%), followed by α (24%), 
δ (15%) and γ (6%). This study laid the foundation 
for breeding approaches to improve the nutritional 
properties of the NLL grain and some future potential 
research directions are discussed.

KEY WORDS
Lupinus angustifolius, seed storage proteins, conglutins

BACKGROUND
Lupinus angustifolius (L.), also known as narrow-leaf 

lupin (NLL), is a grain legume crop that is gaining reco-
gnition as a potential human health food as the grain is 
high in protein and dietary fi bre, gluten-free and low in 
fat and starch and thus has a very low Glycaemic Index 
(Johnson et al., 2003). NLL is the major grain legume 
grown in Australia, which produces ~85% of the world’s 
lupin crop. Like other legumes, lupin crops are an asset for 
sustainable cropping in rotations with cereal and oil seed 
crops. They act as a disease break, allow more options for 
control of grass weeds and as nitrogen-fi xing legumes, 
reduce the need for fertilizers, as well as enriching the 
soil for subsequent crops. For example, wheat yields fol-

lowing a lupin crop can be twice as high as wheat after 
wheat (French and Buirchell, 2005). In Australia, NLL 
crops are currently primarily used for animal feed (96%) 
where they command a low price, which, when coupled 
with their relatively poor yield, makes them borderline 
in terms of profi tability for many grain farmers. This has 
played a large part in the decline in NLL production, with 
the area sown to NLL having fallen from a peak of almost 
1.5 M hectares to around 0.25-0.5 M hectares in recent 
years. The lack of a viable legume break crop threatens 
the long term sustainability of Australia’s large and export 
orientated grain industries (>$A22 billion in 2010).

Recently considerable interest has been directed to-
wards legume seed proteins, with studies demonstrating 
nutritional, nutraceutical and health benefi ts (Arnoldi, 
2008; Duranti et al., 2008). There is a world healthcare 
crisis, with a rapid increase in adult-onset or Type 2 
diabetes. This used to be a problem of later life but it is 
now being seen more and more among younger people, 
sometimes even children. People who are overweight have 
a very high risk of contracting diabetes, so high that the 
two conditions are considered intimately connected, as 
the new term “the Diabesity epidemic” seeks to express. 
It is estimated that 285 million people, corresponding to 
6.4% of the world’s adult population, already suffer from 
diabetes, and this is expected to grow to 438 million by 
2030. The direct cost to society will be about $600 billion, 
and the indirect costs will be $500 billion by 2020 (data 
from The World Diabetes Foundation). 

With increased awareness in many societies of the 
escalating incidence of obesity and the associated risk of 
diabetes and cardiovascular disease, NLL is an excellent 
candidate as a healthy food to help combat these pro-
blems. NLL grains are a potential human health food, 
with specifi c nutritional attributes (Duranti et al., 2008), 
associated with the high protein and dietary fi bre content. 
The lupin grain also posses satiety control properties, as 
food enriched with lupin grain signifi cantly infl uences 
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subsequent energy intake (Lee et al., 2007). Furthermore, 
bread enriched with lupin protein and fi bre may help re-
duce blood pressure and the risk of cardiovascular disease 
(Belski et al., 2010). 

The major proteins in legume seeds are storage pro-
teins defi ned as: any seed protein that accumulates in 
signifi cant quantities, has no known function during seed 
development, and is rapidly hydrolysed upon germination 
to produce a source of N and C for the early stages of se-
edling growth (Higgins, 1984; Duranti et al., 2008). Seed 
storage proteins  have beeen classifi ed into four families, 
termed 11S globulin  (also known as α conglutin, legumin, 
legumin-like and glycinin), 7S globulin (also known as β 
conglutin, vicilin, convicilin and vicilin-type), 7S basic 
globulin  also known as γ conglutin) and 2S sulphur-rich 
albumin  also known as δ  conglutin). For simplicity, in this 
study we will refer to the lupin seed storage proteins as 
α, β, γ and δ conglutins. 

NLL seed ESTs have been analysed at the molecular 
level through the construction and sequencing of a cDNA 
library made from seed mRNA isolated at the major seed 
fi lling stage. ESTs were identifi ed from genes belonging 
to each of the four conglutin families. In total 16 members 
were catalogued, 11 of which had not been described 
previously. The specifi c gene expression profi les of the 
NLL conglutin genes were examined, demonstrating that 
expression of each tested increased signifi cantly during 
seed fi lling (Foley et al., 2011). This comprehensive iden-
tifi cation of the NLL conglutins opens up the gateway to 
better characterise lupin molecular biology, physiology, 
biochemistry and nutrition.

RESULTS

Isolation of new NLL conglutin genes 

NLL seeds were studied at 20-26 DAA (days after an-
thesis), which coincided with the major seed-fi lling stage. 
A corresponding cDNA library was constructed from this 
tissue and 3017 ESTs were sequenced (Foley et al., 2011), 
with 43% being identifi ed as conglutin sequences (see Fig 
1a). Other abundant sequences included genes encoding 
ribosomal protein, protein translation factor, oleosin and 
seed maturation proteins. The conglutins fell into four 
families where β was the most abundant (56%), followed 
by α (24%), δ (15%) and γ (6%) (Fig. 1b). 16 individual 
conglutins were identifi ed and comprised three unique 
α, seven β, two γ and four δ conglutins. Table 1 lists the 
Genbank accession number for each conglutin, the size 
of cDNA, the corresponding number of deduced amino 
acids sequences and the most homologous non-NLL 
sequence. 

Changes in expression of NLL conglutins during 
seed development 

The expression of each NLL conglutin gene increases 
dramatically during seed development with each conglutin 
increasing its expression from 103 to 106 fold (Foley et al. 
2011). Table 2 presents the number of ESTs corresponding 
to each conglutin identifi ed from the 20-26 DAA NLL 
seed cDNA library, fold induction of the specifi c con-
glutin transcript at 33-38 DAA vs 4-8 DAA seeds, and 
the development stage of the highest expression of each 
conglutin. Generally the conglutins have their highest 
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expression at 33-38 DAA. In all cases (except ALPHA1), 
the maximum transcript expression was reached between 
33 and 38 DAA. 

DISCUSSION 
AND FUTURE DIRECTIONS

Genomic and post-genomic research are having a ma-
jor impact on our understanding of legume seed biology 
(see Kinney et al., 2001; Gallardo et al., 2003; Thompson 
et al., 2009).  In the case of NLL, sixteen conglutin genes 
belonging to four families in NLL have been identifi ed 
(Foley et al., 2011), as well as valuable genomic resour-
ces in the way of BAC libraries and BAC end sequences 
generated (Kasprzak et al., 2006; Gao et al., 2011). With 

regards to seed storage proteins, the largest family in 
NLL was the β conglutins with seven members, while 
the α, γ and δ conglutin families ranged in size from two 
to four members. It remains to be determined if there are 
functional differences within each of the families. In the 
case of α and β conglutins, the differences between family 
members often involved insertions/deletions of repeated 
amino acid stretches of predominantly glutamic acid 
(E), glutamine (Q), serine (S), glycine (G) and arginine 
(R). These amino acids have a low hydropathy index, 
suggesting that the peptide regions involved are likely to 
be found towards the surface of the protein. 

The expression data provides evidence that the conglu-
tins began to be expressed at relatively high levels from 
9-12 DAA and peaked between 33-38 DAA (Foley et al., 
2011; Table 2). The similar induction pattern of all tested 
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conglutin genes suggests that their expression may be re-
gulated by a common mechanism and there may be a ma-
ster regulator(s) to ensure overall protein quantity within 
the seed is maintained. Consistent with this hypothesis 
are the results from gene silencing of soybean β-congly-
cinin protein (7S globulin) which caused an increase of 
glycinin (11S globulin) (Kinney et al. 2001). In addition, 
there is likely to be fi ne tuning with post-transcriptional 
regulation of storage protein synthesis in response to N 
and S supply (Tabe et al. 2002), and other environmental 
variations (Bourgeois et al. 2009). 

A current NLL breeding imperative is to increase 
farm gate prices thereby making NLL more attractive 
to growers and one way this can be achieved is by incre-
asing its use as a human food. This in turn will increase 
growers’ use of NLL, which is an important outcome for 
the sustainable management of Australia’s very large and 
heavily export orientated grain’s industries. In addition 
to the economic and environmental benefi ts associated 
with expanding NLL production, there are substantial 
potential medical benefi ts. Further studies may be able 
to help with reducing the impact of diabetes and obesity 
by identifying specifi c NLL seed storage proteins with 
the potential to increase insulin sensitivity and/or reduce 
weight gain. This in turn could help with the development 
of scientifi cally proven food, enriched with specifi c NLL 
ingredients, with positive health and medical benefi ts on 
hunger, blood glucose/insulin control and blood pressure, 

and the regulation of body metabolism, that are novel, 
effective and affordable. 

As a step in this direction, through our participation in 
the Western Australian Centre of Food and Genomic Me-
dicine (CFGM), we are currently undertaking approaches 
to dissect the potential health benefi ts of NLL conglutin 
proteins by combining plant genomic and medical rese-
arch. By utilising reverse genetics and biochemistry, in-
dividual proteins can be tested initially in mouse systems 
and then subsequently in human studies. We hope that 
this approach can lead to major outcomes for agricultural 
sustainability and preventative health. 
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ABSTRACT
Due to their specifi c ability among fl owering 

plants to establish symbiotic association with nitro-
gen fi xing rhizobial bacteria, the legumes represent a 
signifi cant source of biological nitrogen, which plays 
a fundamental role in the functioning of natural and 
agricultural ecosystems. Accordingly, increasing ef-
forts are developed to understand legume genomic 
organisation, functions and evolution. The Symbiotic 
Receptor-like Kinase (SymRK) gene is one of the cor-
ner stones involved in such symbiotic association of 
legumes (nodulation). As in most legumes previously 
surveyed, only one putative orthologous copy of Sym-
RK was detected in the lupin. SymRK sequence data 
exhibited good phylogenetic potential. They provided 
additional support and insights to previous phylog-
enies, particularly in the Old World species, but were 
unable to resolve placement of the enigmatic Florida 
unifoliolate lineage in between the Old or the New 
World lupins. SymRK was shown to evolve under a 
strong purifying selection in Lupinus, and no evi-
dence indicated that this gene is involved in changes 
in rhizobial specifi city observed in the genus. In or-
der to evaluate microsynteny and genome evolution 
at a local scale among legumes, the SymRK region of 
Lupinus angustifolius (a Genistoid legume) has been 
analyzed and compared to its putative orthologous 
regions from model papilionoid species and one non-
legume species. Following processes of selection and 
isolation of BACs from a nuclear genomic library, the 
SymRK region (116 Kb) of L. angustifolius has been se-
quenced and annotated. The results revealed that the 
SymRK gene is localized in a gene rich region which 

is highly conserved through the papilionoid legumes. 
The latter is fl anked by highly repetitive sequences, 
mainly composed of transposable elements (TEs). 
Comparison of the orthologous SymRK region among 
the taxa surveyed provides evidence of major muta-
tional and restructuring events in the neighbourhood 
of the SymRK gene after the divergence (~56-50 My) 
between the genistoids and the more derived papilio-
noid lineages, most likely due to TE activity.

KEY WORDS
Lupinus, SymRK gene, phylogeny, evolution, SymRK re-
gion, legumes, microsynteny

INTRODUCTION
The legumes (Fabaceae) play a fundamental role in 

the functioning of both tropical and temperate natural 
and agricultural ecosystems as a signifi cant source of 
biological nitrogen (Lewis et al., 2005). This is mainly 
due to their specifi c ability to establish root endosym-
biotic associations of mutual benefi t with nitrogen fi x-
ing rhizobial soil bacteria, which is the cornerstone of 
their active primary and secondary metabolism. These 
properties make them of great ecological and economi-
cal interest. Accordingly, increasing efforts are made 
for understanding genetic diversity, genomic organi-
sation, functions and evolution of the legumes, with a 
particular interest for the molecular and cellular bases 
underlying the legume-microbes mutualistic symbiotic 
processes (Markmann and Parniske, 2009). Among the 
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series of genes identifi ed in model legumes, the Symbi-
otic Receptor-like Kinase gene (SymRK) plays a key role 
in the early steps of the cascade of interactions required 
to establish the root-rhizobial symbiotic association 
(nodulation). Also this gene was shown to be required 
in actinorhizal and mycorhizal signalling endosymbiotic 
pathways (for review: Markmann and Parniske, 2009; 
Kouchi et al., 2010). SymRK encodes a membrane-an-
chored kinase protein in root hairs which is composed of 
three parts: an extracellular (EC) domain containing a 
putative specifi c binding site (LRR: leucine-rich repeat) 
involved in the perception and transduction of microbial 
signals; a transmembrane (TM) domain that induces the 
chemical signal inside the cell; and an intracellular pro-
tein kinase (PK) domain that triggers off a cascade of re-
actions producing the symbiotic structures (Endre et al., 
2002). While the latter domain is fairly well conserved 
in Angiosperms, the EC domain displays a signifi cant 
variability (Markmann and Parniske, 2009). Analyses of 
the SymRK EC domain sequences available in GenBank 
showed that this gene seems only present as a single copy 
gene in the Fabid plants (Rosids) surveyed to date (in-
cluding legumes), except in Glycine max where the two 
copies found likely result from its recent polyploid origin 
(Mahé et al., 2011a; and references therein). It is worth 
noting that almost all investigations on this gene were 
conducted on model and crop legumes which belong to 
only one derived papilionoid lineage (Hologalegina; e.g., 
Medicago, Lotus, Pisum, Sesbania), leaving the rest of 
the legume diversity unstudied. Thus, regarding its cru-
cial role in the biological nitrogen-fi xing process, it was 
of interest to extend the exploration of SymRK evolution 
to the genus Lupinus, which is a group of biological and 
economical interest (Gladstones, 1998), and which is re-

garded as a good model system to represent the Genis-
toid alliance in legume comparative studies.

In this paper, we summarize the main results ob-
tained from our recent evolutionary studies on the 
SymRK gene in Lupinus (Mahé et al., 2011a; Lesniewska 
et al., 2011), prior to present current preliminary data 
from sequencing and annotation of the SymRK genomic 
region of Lupinus angustifolius (narrow-leafed lupin) 
and its comparison to putative orthologous regions of 
model legumes (Mahé et al., in prep.).

1. Evidence for a single copy of the SymRK gene 
in Lupinus.

A large portion of SymRK gene was amplifi ed into 
two regions from 38 Old World and New World lupine 
accessions (Mahé et al., 2011a). Electrophoreses of PCR 
products of these regions always resulted in a single 
band for each species in the agarose gels (Figure 1A). 
Sequence and phylogenetic analyses of the sequences 
obtained via either direct sequencing or cloning iden-
tifi ed only one copy per lupin sample and allowed as-
sessment of their orthology in both the Lupinus and the 
Papilionoid context. No sign of paralogy was detected.

Moreover, a fragment of the  SymRK EC-domain 
was amplifi ed by PCR from genomic DNA template 
and used as a probe for hybridization with the nuclear 
genomic BAC library available for L. angustifolius cv. 
Sonet (Kasprzak et al., 2006; Lesniewska et al., 2011; 
and references therein). The SymRK screening of the li-
brary showed positive hybridization signals correspond-
ing to six BAC clones (Figure 1B). Among the later, fi ve 
BAC clones were verifi ed via PCR to contain SymRK, 
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and were localized in only one contig using restriction 
fi ngerprinting analysis. Regarding that the genome cov-
erage in the lupin BAC library was estimated to be 6×,
the number of 5 positively verifi ed BAC clones assem-
bling into a single contig provided strong evidence that 
SymRK is present in only one genomic region in L. an-
gustifolius. Further more, cytogenetic analysis using 
fl uorescence in situ hybridization of three positive BACs 
(containing the SymRK gene) on mitotic metaphase chro-
mosomes of L. angustifolius (BAC-FISH) resulted in a 
co-localization of two single-loci BAC signals very close 
to one another on the same chromosome pair, providing 
additional support to the presence of a unique SymRK 
region in the genome of the narrow-leafed lupin (Les-
niewska et al., 2011).

Altogether molecular and cytogenetic data strongly 
suggested that lupine SymRK sequences are orthologues 
of a single copy gene, and most likely represent puta-
tive homologues of SymRK sequences previously identi-
fi ed in the model and crop legumes. Given that legumes 
(including Lupinus) have experienced ancient and recent 
polyploidization events (whole genome and segmental 
duplication) over their evolutionary history (Shoemaker 
et al., 2006; Nelson et al., 2006), it is worth noting that 
only one copy of SymRK has been maintained in Lupi-
nus and other papilionoids. This suggests that strong 
evolutionary forces tend to retain one SymRK copy per 
genome to preserve the key ability of legumes to estab-
lish root–microbe interactions.

2. Phylogeny and evolution of SymRK in Lupinus.

Sequences of the extracellular domain (ECD) of 
SymRK isolated and amplifi ed from 30 lupine taxa and 
two outgroups (Ulex; Genisteae) were analyzed in order 
to evaluate their variability and their utility for phylo-
genetic inference in Lupinus (Mahé et al., 2011a). The 
sequenced region (about 1500 bp; with pairwise se-
quence divergence ranging from 0 to 8%) exhibited a 
much higher number of parsimony-informative substi-
tutions (217) than in each of most nuclear and plastid 
regions previously surveyed, with the exception of the 
Cycloidea-like LEGCYC1A regulatory gene (Eastwood 
et al., 2008). Regardless of the method used (Maximum 
Parsimony, Maximum Likelihood, or Bayesian meth-
od), phylogenetic analysis of the SymRK ECD gener-
ated a stable general topology with a good support for 
most of the nodes (summarized in Figure 2 from Mahé 
et al. 2011a). This topology is more resolved than pre-
vious single gene-based phylogenies and is broadly in 
agreement with recent lupine phylogenetic estimates 
combining nuclear and plastid sequences (Eastwood et 
al., 2008). Accordingly, the evolutionary pattern of the 
SymRK ECD allows circumscription of well-supported 
groups, in general accordance with the pattern of the 

ecogeographical diversifi cation of lupins in the Old and 
in the New World (Figure 2). However, although SymRK 
provides additional support to several groups and line-
ages in the genus, it does not contain enough informative 
signal to elucidate some uncertainties and confl icts left 
unresolved by all previous phylogenies within the Old 
and the New World assemblages, and especially to fully 
resolve relationships at the base of the genus. One of the 
most enigmatic question concerns the placement of the 
Florida unifoliolate lupin clade (here represented by L. 
villosus; Figure 2), which was weakly related to either 
the Old or the New World lupins, depending on the genes 
and methods used for phylogenetic inference (Mahé et 
al., 2011a, 2011b; Eastwood et al., 2008; and reference 
therein).

Alongside their worldwide diversifi cation, the lupins 
developed symbiotic relationships with a large variety of 
nitrogen-fi xing Bradyrhizobium strains, mainly from B. 
japonicum and B. canariense in the Old World and from 
B. japonicum in the NW (Stepkowski et al. 2007; Mahé 
et al., 2011a). Paralleling this broad tendency in lupin/
bacterial strain association, also remarkable changes in 
symbiont specifi city seem to have accompanied adapta-
tion of some lupin lines to particular ecological condi-
tions, such as for instance L. princei in Equatorial East-
Africa, unifoliolate species in Florida and the singular 
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lupins native from southeastern South America. To ex-
amine whether sequence divergence of SymRK in these 
taxa are correlated with changes in rhizobial specifi city, 
interspecifi c pairwise sequence non-synonymous (Ka) 
and synonymous (Ks) substitution rates were compared 

(Ka/Ks ratios) to see whether the molecular evolution-
ary pattern of SymRK ECD is adaptive or not in Lupinus 
(Mahé et al. 2011a). Ka/Ks values greater than 1 are con-
sidered as evidence of sequence evolution under relaxed 
diversifying selection, suggesting adaptive evolution, 
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whereas Ka/Ks ratios less than 1 are considered as evi-
dence of constrained purifying selection, i.e. conserva-
tive evolution. The data obtained from pairwise compar-
ison of ECD coding sequences among 27 species showed 
a dominant signal of negative selection (99% of Ka/Ks 
< 1), and no signature of positive/diversifying selection 
was found in lineages which experienced changes in 
rhizobial specifi city. Thus, although SymRK was dem-
onstrated to be vital in the early stages of the root-bac-
terial symbiotic associations, there is no evidence from 
present analyses indicating that this gene is involved in 
rhizobial specifi city in Lupinus.

3. Sequencing and annotation of the SymRK ge-
nomic region of L. angustifolius, and com-
parison to its homologous region in model leg-
umes.

To examine SymRK evolution in a genomic con-
text, the SymRK region has been sequenced, assembled 
and annotated, based on the largest positive BAC clone 
(107P17) isolated from the genomic library of L. angus-
tifolius (Kasprzak et al., 2006; Lesniewska et al., 2011; 
and references therein). Annotation of this region was 
conducted using a combination of various bioinformatic 
tools available as webservices (Mahé et al. in prep.): 
FgeneSH (Salamov and Solovyev, 2000) and Genscan 
programs (Burge and Karlin, 1998) for ORF discovery; 
RepeatMasker (http://www.repeatmasker.org/cgi-bin/
WEBRepeatMasker), Censor (http://www.girinst.org/
censor/index.php) and LTR_Finder (http://tlife.fudan.
edu.cn/ltr_fi nder/), for rRNA, microsats, homopolymers 
and transposable elements (TEs); and DotPlot (http://
zpicture.dcode.org/) for repeated sequences. Predicted 
ORFs were translated and compared to GenBank protein 
database. Intergenic and intronic regions (i.e. not ORFs) 
were blasted against GenBank (nr) to detect conserved 
non-coding sequences.

Sequencing of BAC clone 107P17 using the Sanger 
method yielded a sequence of 116 kb with a ~12× cov-
erage. A preliminary annotation of this BAC allowed 
identifi cation of several genes and repetitive sequences 
(mainly from transposable elements, TEs) which are dis-
tributed into 4 distinct sub-regions: 2 gene rich regions 
(GR) and 2 TE rich regions (TER). A circular repre-
sentation of the genomic SymRK region, reconstructed 
using the software package Circos (http:mkweb.bcgsc.
ca/circos/?), is presented in Figure 3A. The SymRK 
gene is localized between the ABC-transporter and the 
BRICK1 genes, in the GR1 region which contains 6 an-
notated genes and covers about 45 kb of the BAC. This 
region also included several TE fragments in its upper 
part between the ABC-transporter and the Beta-D-oxy-
dase. The GR2 region is smaller (about 15 kb) and only 
contains 3 genes. Fragments of transposable elements 

(mainly copia and gypsy LTR-retrotransposons) repre-
sent ~30% of the overall BAC sequence and are mainly 
concentrated in the TER1 region (~ 40 kb), the rest being 
localized on the other fl anking part of the GR2 region.

Comparison of the lupin SymRK region to its putative 
orthologous region MtDMI2 of Medicago truncatula 
(Figure 3B) showed a high conservation of microsynteny 
of the gene rich regions, particularly the GR1 region con-
taining SymRK where are found exactly the same genes 
in the same order and orientation. Although, in both spe-
cies these two GR regions are separated by a TE rich 
region, the latter contains several genes in M. truncatula 
(e.g., MADS-boxes, lectins, Lg27) which are lacking 
in L. angustifolius, indicating erosion of microsynteny 
in this region. Interestingly, the same pattern of mi-
crosynteny is revealed when the lupin SymRK region is 
compared to its putative ortholog of each of the model 
and crop plants from more derived papilionoid lineages 
(Mahé et al. in prep.; results not shown), such as Lotus 
japonicus (Hologalegina) and Glycine max (Millettio-
ids), which are phylogenetically closer to M. truncatula 
(Hologalegina) than to Lupinus (Genistoid). Further-
more, also a highly conserved microsynteny of the GR1 
region can be observed (not shown) in the extra-legume 
species Populus (Malpighiales; Fabids). Therefore, the 
results demonstrate that, despite signifi cant divergence 
times among lineages, synteny in the GRR1 region (in-
cluding SymRK) is highly conserved among the papil-
ionoids, and more widely in the Fabids; which suggests 
that this region is likely under strong purifying selective 
constraints. Additionally, the erosion of microsynteny 
observed in the region invaded by TEs (TER1) provides 
evidence of major mutational and restructuring events 
which occurred in the Genomic neighborhood of SymRK 
region (GR1) after the divergence between the genistoids 
and the more derived papilionoid lineages (~ 56-50 My), 
most likely due to the dynamics of transposable elements 
in this region.

IN SUMMARY
Only one putatively orthologous copy of SymRK 

was detected in Lupinus, which provides an additional 
useful data set for phylogenetic inference among lupin 
taxa. SymRK evolves under a strong purifying selection 
in Lupinus, preserving rather than diversifying its key 
function in the legume–microbe symbiotic interaction. 
No evidence was detected from molecular evolution-
ary investigations indicating that SymRK is involved in 
rhizobial specifi city in Lupinus. Sequence analyses of a 
targeted BAC clone from L. angustifolius allowed locali-
zation of the SymRK gene in a gene rich region which 
exhibited a highly conserved microsynteny through the 
papilionoid legumes over a long evolutionary time. This 
region is fl anked by highly repetitive sequences, mainly 



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE 61

composed of copia and gypsy-like transposable ele-
ments. Comparison of the orthologous SymRK regions 
among legume taxa provides evidence of major muta-
tional and restructuring events in the neighborhood of 
the SymRK region after the divergence (~56-50 My) be-
tween the genistoids and the more derived papilionoid 
lineages, most likely resulting from the TEs activity.
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ABSTRACT
Fluorescence in situ hybridization with BAC clones 

as molecular probes (BAC-FISH) was applied to mi-
totic chromosomes of Lupinus angustifolius (narrow-
leafed lupin, 2n = 40),  a legume species of consid-
erable agronomic importance. Cytogenetic analysis 
was used as a tool supporting molecular work aimed 
at integrating the genetic and cytogenetic maps. BAC 
clones from the L. angustifolius nuclear genome li-
brary were used as probes. These were mostly se-
lected from clone contigs localized in genome regions 
containing genes responsible for the expression of 
agriculturally important traits. A number of clones 
were also arbitrarily chosen for testing. BAC-FISH 
signals served to elaborate and verify the integrity of 
individual DNA contiguous sequences resulting from 
molecular analyses as well as to ascertain contig lo-
cation in chromosomes. Moreover, direct cytogenetic 
localization of genetically mapped sequences in the 
genome by BAC-FISH were used to assign successive 
linkage groups from the genetic map to appropriate 
chromosomes. The current status of research on the 
construction of an integrated map of  L. angustifolius 
genome is presented.

KEY WORDS
BAC-FISH, chromosome markers, contigs, genetic mark-
ers, linkage groups, Lupinus angustifolius

INTRODUCTION
Genetic maps provide information on the linkage of 

DNA sequences and on the frequency of recombination 
between them, but shed no light on the organization of 
chromosomes or on physical distances between loci. On 
the other hand, the physical positioning of genetic loci 
into cytogenetic maps offers unique possibilities of in-
sight into the organization of plant genome. Thus, inte-

grating genetic, molecular, and cytological information 
would require a reliable system for the identifi cation of 
nonhomologous somatic chromosomes within a genome. 
The exploitation of large insert libraries, mainly clones 
from BAC (bacterial artifi cial chromosome) libraries, 
provides a unique resource for molecular probes to con-
struct FISH-based karyotypes. The BAC-FISH approach 
is a particularly valuable procedure for the physical map-
ping of single-copy, genomic sequences in plants with a 
small genome size and tiny, morphologically homoge-
neous chromosomes, such as model legumes Medicago 
truncatula (Kulikova et al. 2001) and Lotus japonicus 
(Pedrosa et al. 2002), or other species as Phaseolus vul-
garis (Pedrosa-Harand et al,. 2009; Fonsêca et al., 2011) 
and soybean (Findley et al., 2010). This procedure en-
ables the assignment of linkage groups to appropriate 
chromosomes and the construction of consensus genome 
maps. In light of the above, integration of genetic loci of 
DNA markers into physical localizations of BACs has 
become an approach of special value in plants where the 
whole genome sequence is not yet available. Lupins are 
among such species. Lately, cytogenetic analyses have 
been performed on L. angustifolius, the most agricultur-
ally valuable species among lupin crops. These includ-
ed, among others, fl uorescence in situ hybridization on 
L. angustifolius chromosomes using different kinds of 
molecular probes (Kaczmarek et al., 2009, ). Critical for 
this work was the use of the narrow-leafed lupin nuclear 
genome BAC library (Kasprzak et al., 2006) as a source 
of clones. BAC-FISH has already been used successfully 
to assign the fi rst few linkage groups to chromosomes 
(Lesniewska et al. 2011). However, the cytogenetic char-
acterization of the genome still has been limited because 
of two factors: the similarity of  chromosomes and the 
scant number of chromosome markers.

In the present work we have extended our previous 
use of BAC-FISH to exploit this technique in two ways. 
The fi rst was aimed at the association of linkage groups 
with corresponding chromosomes. The second was used 
to validate contig composition and location in linkage 
groups, using BAC clones for contig construction.
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MATERIAL AND METHODS

Plant material

Seeds of L. angustifolius cv. Sonet were obtained 
from the Polish Lupinus Gene Bank in the Breeding Sta-
tion Wiatrowo (Poznan Plant Breeders Ltd, Poland).

Selection of BAC clones for cytogenetic studies

In the present work we used mainly the BAC clones 
including markers of resistance to pathogenic fungi and 
sequences of genes of phenylpropanoid pathway en-
zymes. The clones were previously selected by screen-
ing the nuclear genome BAC library of L. angustifolius 
cv. Sonet (Kasprzak et al., 2006) with sequence-specifi c 
probes (Książkiewicz et al., submitted). The process of 
selecting BAC clones from the nuclear genome library 
included probe design, followed by hybridization and 
verifi cation of positive signals. Probes were designed 
on the basis of information on MFLP marker sequences 
linked to the following resistance genes: anthracnose 
Lanr-1 – probes AntjM1 and AntjM2 (You et al., 2005), 
Phomopsis stem blight Phr-1 - probe Ph258M2 (Yang et 
al. 2002).The sequence information on Phomopsis stem 
blight Phr-2 - and lupin rust resistance gene (Hua’an 
Yang, Dept. of Agriculture and Food Western Australia 
– personal communication) were used for designing the 
probes PhtjM2 and RustM1. Moreover, one probe was 
designed on the basis of the L. albus EST sequence of 
chalcone isomerase gene. Probes were PCR-amplifi ed 
with L. angustifolius genomic DNA as a template, pu-
rifi ed using a QIAquick Kit (Qiagen) and radiolabelled 
by HexaLabel (Fermentas) incorporating approximately 
50 μCi of [α-32P]-dCTP. Hybridization of probes with 
the nuclear genome BAC library of L. angustifolius cv. 
Sonet was done according to the method described by 
Lesniewska et al. (2011). DNA of BAC clone insert was 
isolated with PhasePrepTM BAC DNA Kit (Sigma). Veri-
fi cation of clones giving positive hybridization signals 
was performed by PCR with an insert DNA as a template 
and primers originating from appropriate sequences.

Generation of genetic markers and genetic 
mapping

The BAC clones tagged by AntjM1, AntjM2, 
Ph258M2 and RustM1 probes were localized on the ge-
netic map by Książkiewicz et al. (submitted). The clones 
screened by PhtjM2 and chalcone isomerase probes were 
mapped in the present study. To address this task, BAC 
clones 57J20, 4G15, 80B11 (tagged by PhtjM2) were 
subjected to BAC-end sequencing on ABI PRISM 3130 
XL Genetic Analyzer (Applied Biosystems Hitachi) 

using appropriate pIndigoBAC5 Sequencing Primers. 
Six BAC-end sequences were obtained with an average 
length counting approximately 600 nucleotides (data not 
shown). Subsequently, 6 sets of primers for PCR were 
designed on the basis of BAC-end sequences, two for 
every BAC clone. PCR products were amplifi ed on DNA 
isolated from parental lines of the mapping population. 
The L. angustifolius mapping population used consisted 
of 90 recombinant inbred lines (F8) derived from paren-
tal lines 83A:476 (D) and P27255 (W) (kindly provid-
ed by Dr. Hua’an Yang, Dept. of Agriculture and Food 
Western Australia). PCR products were excised from the 
agarose gel after electrophoresis, purifi ed by Qiaquick 
Gel Extraction Kit (Qiagen) and sequenced in order to 
identify the loci with nucleotide sequence polymor-
phisms. Markers 4G15_3 and 57J20_5 contained single 
nucleotide polymorphisms (SNPs), which were scored 
by the CAPS technique with Hpy188 enzyme cleavage 
for 4G15_3 and RsaI for 57J20_5. The marker 80B11_3 
was based on the presence or absence of PCR product. 
In the case of chalcone isomerase markers, the strategy 
was different. Primer pairs were designed on the basis 
of two variants of the CHI gene sequence which were 
obtained by sequencing of  two BAC clones (28O11 and 
5L11) from different genome regions. The PCR-ampli-
fi ed products were sequenced. The marker CHI1 (based 
on BAC clone 28O11) revealed the length polymor-
phism, whereas  the CHI2 marker (based on BAC clone 
5L11) contained single nucleotide polymorphism (SNP) 
solved by dCAPS with TaqI enzyme. The Map Manager 
QTXb20 freeware was used for the localization of new 
markers on the L. angustifolius genetic map (Nelson et 
al., 2010).

BAC probe preparation

BAC DNA was isolated from single Escherichia 
coli colonies by a miniprep method using QIAprep Spin 
Miniprep Kit (Qiagen) according to the protocol of Far-
rar and Donnison (2007). BAC DNA was labeled with 
digoxygenin-11-dUTP and/or tetramethylrhodamine- 5-
dUTP (Roche Diagnostics) by the nick translation reac-
tion, then subjected to fl uorescence in situ hybridization 
(BAC-FISH) as molecular probes. Various combinations 
of reactions were performed, using 2 or 3 BAC probes 
simultaneously (multi-BAC-FISH).

Chromosome preparation

BAC-FISH was performed on mitotic metaphase 
chromosomes. Chromosome squashes were prepared 
from the root meristems according to the procedure of 
Jenkins and Hasterok (2007) with some modifi cations 
for L. angustifolius material (Lesniewska et al., 2011). 
Briefl y, after synchronizing and accelerating germina-
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tion (aeration in tap water at 25°C overnight) the seeds 
were germinated on moistened fi lter paper in Petri dish-
es at 25°C. Seedlings with roots 1.5-2.0 cm long were 
treated with chilled tap water (2-3°C) for 24 h to accu-
mulate cells at metaphase. Excised roots were fi xed in a 
freshly prepared 3:1 ethanol:glacial acetic acid mixture 
and stored at -20°C until use. For cytological prepara-
tions, meristematic tissues were digested in an enzyme 
solution [40% (v/v) pectinase (Sigma, St. Louis, MO), 
3% (w/v) cellulose (Sigma), and 1.5% (w/v) cellulase 
‘‘Onozuka R-10’’ (Serva, Heidelberg, Germany)] for 
3-4 h at 37°C. Dissected meristems were squashed on 
alcohol-cleaned slides in a drop of 60% acetic acid and 
frozen. Cover slips were removed in liquid nitrogen. The 
quality of slides was controlled under a phase-contrast 
microscope (BX41, Olympus) and used for BAC-FISH.

Fluorescence in situ hybridization

FISH was performed according to the protocol of 
Jenkins and Hasterok (2007) with minor modifi ca-
tions (Lesniewska et al., 2011). The preparations were 
pretreated with RNase (100 μg/ml) in 2× SSC (humid 
chamber, 37°C, 1 h), washed 3 times in 2× SSC at room 
temperature (RT), and treated with pepsin (5 μg/ml, 
37°C, 12 min). Then the slides were dehydrated in etha-
nol series (70, 90, 100%) and dried (RT). Hybridization 
mixture (50% deionized formamide, 10% dextran sul-
fate, 2× SSC, 0.5% SDS, sonicated salmon sperm DNA 
in 25–100× excess of the probe, 75–200 ng probe per 

slide) was denatured (90°C, 9 min), applied to the chro-
mosome preparation, and denatured together (78°C, 10 
min) using thermal cycler (Twin Tower, PTC-200, MJ 
Research). Hybridization was carried out at 37°C for 22 
h, in a humid chamber. Posthybridization washes were 
conducted in 15% deionized formamide in 0.1× SSC at 
42°C. Digoxigenated DNA probes were detected with 
FITC-conjugated antidigoxigenin primary antibodies 
(Roche Diagnostics). Chromosomes were counterstained 
with 2 μg/ml DAPI (Sigma) in Vectashield antifade 
mounting medium (Vector Laboratories, Burlingame, 
CA). Preparations were examined with an OLYMPUS 
BX 60 microscope using the Cell_F software, the im-
ages were captured using a CCD monochromatic cam-
era,  and superimposed using Micrografx (Corel) Picture 
Publisher 8 software.

RESULTS AND DISCUSSION
In this work we exploited BAC clones selected within 

our research on genome regions involved in the expres-
sion of traits important from the agricultural point of 
view. About 70% of selected clones used for BAC-FISH 
analysis showed a dispersed pattern of hybridization, 
probably due to the high level of repetitive sequences 
within the BAC insert. Addition of blocking C0t repeti-
tive DNA fraction has been shown to help to suppress 
the hybridization of the repetitive sequences, however it 
is not effective in all cases (Wang et al., 2007; Pedrosa-
Harand et al., 2009, Fonseca et al., 2011). At this stage of 

Figure 1. Location of four BAC clones from two contigs in the same chromosome site, suggesting to combine them 
into one contig. Scale bar: 5 μm.
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our work, we did not use C0t DNA. Only BACs gener-
ating clear, single locus-type FISH signals without any 
special suppression of cross-hybridization  were used for 
cytogenetic mapping as markers for chromosome iden-
tifi cation. This should guarantee to establish the proce-
dure suitable for further analyses of cocktails of multiple 
BACs in standardized conditions, taking into consider-
ation that repetitive sequence signals in plants are often 
resistant to suppression, as discussed in Fonseca et al. 
(2011).

The clones for FISH were chosen on the basis of 
assignment to the linkage groups of L. angustifolius 
genetic map and localization in contigs. Contigs were 
constructed for BAC clones containing sequences of 
MFLP markers used for BAC library screening: An-
tjM1, AntjM2, Ph258M2 and RustM1 (Ksiazkiewicz et 
al., 2008, Ksiazkiewicz et al., submitted). Thirteen con-
tigs were assembled for this subset of probes. The stabil-
ity of these contigs was estimated indirectly by specifi c 
values (score and number of “Q” clones) calculated in a 
programme used for contig construction (Fingerprinted 
Contigs, The University of Arizona). “Q” clones are re-
ported to be “questionable” clones with unclear position 
in the contig due to their repetitive DNA content. The 
cytogenetic approach enabled us to verify contigs com-
position directly, by physical localization of BACs on 
particular chromosomes.

Our study was based on preparations of metaphase 
mitotic chromosomes as we needed to analyze hybridiza-
tion sites (clone positions) as cytogenetic markers with 
reference to individual chromosomes and linkage groups. 
BACs representing different contigs were applied as mo-
lecular probes. Firstly, BAC-FISH was used for the inter-
nal contig control. FISH signals of several clones from the 
same contig localized in one physical site supported con-
tig integrity. Cytogenetic location of BAC clones from two 
contigs in different chromosomes confi rmed separateness 
of the contigs. Then, clones from two contigs revealing 
one common FISH signal showed their close physical 
proximity in the same chromosome, at a distance beyond 
the method resolution; this suggested a high probability 
that the contigs in question may be combined into one, 
larger contiguous sequence. In such a way contigs No. 2 
and 9 were localized in one locus on metaphase chromo-
somes and were supposed to overlap (Fig. 1). In contrast, 
hybridization of BACs, representing the same contig, to 
different chromosomes showed that the contig did not 
refl ect the real structure of the region studied; presum-
ably it should be consequently divided into two or more 
individual contigs. This was the case of the contig No. 1, 
divided into three separate contigs (Fig. 2).

Such an approach enabled us to verify the physi-
cal linkage of BACs originating from different contigs 
which moderately assisted molecular analyses.

Figure 2. BAC clones from one contig localized in three different chromosomes showing the need of further contig 
elaboration. Scale bar: 5 μm.
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Furthermore, the BAC-FISH procedure allowed us to 
assign successive linkage groups (NLLs – Nelson et al., 
2010) to respective chromosomes. Based on BAC insert 
location on the genetic map, the chromosome bearing 
the BAC-FISH signal could be associated with the ap-
propriate NLL. A summary of our mapping data in the 
narrow-leafed lupin is presented in the Table 1 (includ-
ing earlier results published: Lesniewska et al., 2011). In 
this approach BAC clones showing single loci FISH sig-
nals were subjected to BAC-end sequencing and genetic 
marker development and mapping. For the subset of 
clones tagged by AntjM1, AntjM2, Phtj258M2, RustM1 
and SymRK probes such markers have already been done 
by our group (Lesniewska et al., 2011, Ksiazkiewicz et 
al., submitted). The visualization of the genetic positions 
of these markers on L. angustifolius linkage map (Nel-
son et al., 2010) was performed on the basis of genotype 
data obtained by the authors mentioned above. On the 
other hand, for the group of BAC clones selected from 
BAC library by PhtjM2 and chalcone isomerase probes, 
new genetic markers were developed. These were: for 
PhtjM2 probe, two CAPS markers, 4G15_3 and 57J20_5, 
containing single nucleotide polymorphisms (SNPs) and 

one marker, 80B11_3, based on the presence or absence 
of PCR product; then, for chalcone isomerase, CHI2 
dCAPS marker and CHI1 marker revealing PCR product 
length polymorphism.

New genetic markers tagging single locus type 
BACs were localized in linkage groups NLL-03, NLL-
05, NLL-06 and NLL-15, expanding previous data on 
Lupinus genome. Moreover, the markers generated 
previously (Lesniewska et al., 2011, Ksiazkiewicz et 
al., submitted), allowed to associate NLL-12, NLL-14, 
NLL-16 and NLL-20 with appropriate chromosomes by 
BAC-FISH. Altogether, 10 linkage groups (NLLs) from 
among 20, and one cluster of L. angustifolius were char-
acterized by cytogenetic mapping of specifi c BACs in 
chromosomes (Table 1). Among them, in seven NLLs 
more than one clone was located. Most of the single-
locus BACs mapped revealed signals close to or at the 
ends of chromosomes. This corroborates the results ob-
tained for L. angustifolius by Lesniewska et al. (2011), as 
well as earlier observations in model leguminous plants 
- Medicago truncatula (Kulikova et al., 2001) and Lotus 
japonicus (Pedrosa et al., 2002). This may be explained 
by the location of recombination active (and gene dense) 

Figure 3. Two linkage groups (NLL-03 and NLL-15) assigned to chromosomes using BACs with the fragments of 
chalcone isomerase genes CH1 and CH2.
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regions, mainly in the distal chromosome parts, in con-
trast to the high proportion of repetitive sequences with-
in pericentromeric regions. Then, it may be also due to 
recombination suppression within the pericentromeric 
regions, as it was reported for Phaseolus vulgaris by Pe-
drosa-Harand et al., (2009) and Fonsêca et al., (2011).

The sequencing of model plant species and of some 
particular crops has intensifi ed and accelerated research 
in plant genomics. Cytogenetic mapping, a valuable 
approach relating DNA sequence information to chro-
mosome biology, plays an essential role in the study of 
species where a complete sequence of the genome is 
not available. Even availability of limited sequence in-
formation for the species allows the advancement of re-
search on genome structure (eg. FISH-based karyotype 
of soybean, based on genetically anchored BAC clones 
from the database of high-copy repeats, Findley et al., 
2010). Still, in Lupinus we do not possess genome se-
quence data. Our results contribute to lupin genomics by 
enriching the pool of chromosome markers, by anchor-
ing individual sequences or sequence contigs to defi ned 
chromosome regions. They will also provide a support 
for the study of agronomically valuable traits. This is as 
well a subsequent step towards the construction of the 
comprehensive L. angustifolius genome map. Further 

BAC-FISH mapping is in progress, with the use of gene 
sequence fragments as probes for library screening and 
clone selection. This approach should result in a limited 
number of selected BACs, most of them of single locus 
FISH type.

The integrated chromosome map will provide an 
important resource for sequence assembly of signifi cant 
genome regions and for the sequencing of the entire lu-
pin genome expected in the nearest future.
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ABSTRACT
Narrow-leafed lupin (Lupinus angustifolius L.) is 

the most important grain legume in Australia. The 
Australian Lupin Collection based in Perth (Aus-
tralia) comprises >2000 L. angustifolius accessions 
collected from diverse geographical locations and 
major breeding programs. So far, little informa-
tion is available on species-wide genetic variation 
in L. angustifolius.  In this present study, we report 
two DArT (Diversity Arrays TechnologyTM) marker 
analyses. In the fi rst analysis, 1343 accessions of L. 
angustifolius were genotyped using 137 polymorphic 
DArT markers in order to characterise diversity in 
domesticated and undomesticated accessions. In the 
second analysis, 26 Australian varieties / breeding 
lines and 69 European varieties were screened with 
825 polymorphic DArT markers. Our major fi nd-
ings were that: (1) genetic diversity of domesticated 
varieties is much lower than is available in undo-
mesticated germplasm; (2) Australian and European 
varieties have partly overlapping genetic diversity 
with early Australian varieties nested among several 
European varieties; and (3) Australian domesticated 
germplasm has gradually diverged genetically from 
its domesticated European origins.

KEY WORDS
genetic diversity; domestication; DArT markers; lupin 
diversity

INTRODUCTION

Narrow-leafed lupin (Lupinus angustifolius L.) is the 
most widely grown grain legume in Australia account-
ing for as much as 93.5% of world production (Berger et 
al., 2011) . It has a short history as a crop species, its do-
mestication being fi nalised in the 20th Century (Nelson 

et al., 2006). This young age and strong founder effect is 
thought to have resulted in a relatively narrow gene pool 
for narrow-leafed lupin but this has not yet been clearly 
demonstrated experimentally. Molecular markers are 
commonly used for characterising diversity. Diversity 
arrays technology (DArTTM) is a propriety high-through-
put array-based genotyping method that probes restric-
tion enzyme-digested genomic DNA against an array of 
cloned DNA fragments developed from pooled DNA of 
a set of representative germplasm (Jaccoud et al., 2001). 
DArT markers are dominant in nature, with alleles dis-
tinguished by their ability or inability to hybridise to 
the array. A lupin DArT array was recently reported by 
Berger et al. (2011) and was used to characterise genetic 
diversity in domesticated and undomesticated acces-
sions of narrow-leafed lupin.

Diversity across narrow-leafed lupin germplasm 
collection

Diversity of 1343 accessions of narrow-leafed lupin 
was sampled using 137 DArT marker alleles. Figure 1 
shows a multidimensional scaling (MDS) plot based on 
these data.  Diversity in undomesticated germplasm was 
much greater than in domesticated germplasm.

Diversity in domesticated accessions of narrow-
leafed lupin

Diversity in domesticated accessions was further in-
vestigated using 825 DArT marker alleles to genotype 
26 Australian varieties / breeding lines and 69 Euro-
pean varieties (plus 10 undomesticated controls). MDS 
analysis confi rmed the lower diversity in domesticated 
versus undomesticated germplasm (Fig. 2). Figure 2 also 
shows distinct, but overlapping, distributions of Austra-
lian and European domesticated lines. The accessions 
with overlapping distribution were early Australian va-
rieties that showed strong resemblance to German and 
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Ukrainian varieties (Figure 3), refl ecting the European 
origin of early narrow-leafed lupin varieties in Australia 
(Cowling, 1999).  Interestingly, four German varieties 
(Edelweiss, Stevens, Kubesa and Glumbowitzer Blaue) 
and two Ukrainian varieties (K1500 and Rannespelyi 6) 
were indistinguishable at 825 polymorphic DArT marker 
loci.

CONCLUDING REMARKS
Only a small proportion of genetic diversity de-

tected across L. angustifolius germplasm is represented 
in Australian and European varieties of narrow-leafed 
lupin.  Continued effort is required to increase genetic 
diversity in breeding programmes. Cowling et al. (2009) 
describe an effi cient introgressive crossing scheme that 
enables introgression of new alleles while at the same 
time retaining important domestication traits.  This cur-
rent analysis is being used to identify diverse wild germ-
plasm to be used for such introgressive crossing.  Some 
progress has already been made in increasing genetic di-
versity in the Australian breeding programme as newer 
cultivars have genetically diverged from the original Eu-
ropean founder lines.  
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SUMMARY
The heritability of the low seed coat proportion 

(SCP) of THM-11257, a thin-hull mutant obtained by 
the Department of Agriculture and Food of Western 
Australia, with 19.7% SCP, was estimated by parent-
offspring regression. The mutant was crossed with six 
genotypes (3 Chilean lines and 3 Australian cultivars 
with SCP ranging usually 23 to 27%). In 2008, 150 
healthy single F2 plants were harvested individually 
from each of the six populations. In 2009, using part 
of the seed produced by each plant, 900 unreplicated 
progeny rows, each with 10 F3 seeds were grown along 
with the parents. Fifteen-seed samples randomly taken 
from each single F2 plant and each F2:3 progeny row 
were processed to measure SCP. Parent offspring 
regression coeffi cients (b) were calculated from regres-
sion of F2:3 progeny row means onto parental F2 indi-
vidual values. Narrow sense heritability was calculated 
as h2 = bF3/F2. Parent-offspring correlations (b’) were 
also computed from data coded in standard deviation 
units in order to remove phenotypic variation arisen 
from evaluating two generations in different cropping 
seasons. Pooling all crosses, totaling 896 paired data, 
b = 0.67 ± 0.02 = h2, and when based on coded data, 
b’ = 0.71 ± 0.02 = h2. This outcome indicates that the 
SCP of a single plant is a good predictor of the SCP of 
the progeny in a subsequent year.

KEY WORDS
Lupinus angustifolius, lupin hull, parent-offspring re-
gression

INTRODUCTION
The market demand for plant proteins continues to rise 

rapidly, fueled by the growing needs for livestock feed-

ing. Lupins are a good option for protein production in 
growing areas unsuited to soybeans, like southern Chile. 
However, whatever the plant protein source is, the protein 
produced must remain stably competitive with the protein 
contained in imported soybean meal. Lupin grains are not 
an exception. On the other hand, the presence of lupins 
in cereal-based rotation has a great impact on sustain-
ability. Any factor that gives lupins a plus would favor 
the adoption of the crop and its increased participation in 
agricultural rotations. 

Non-ruminant animals practically do not metabolize 
the fi ber in lupin hulls, and lupin seeds have thick hulls. 
The seed coat of narrow-leafed lupins comprises ap-
proximately 24% of the whole grain weight (Withers et 
al., 1975), compared with 18% in Lupinus albus (Reader 
and Dracup, 1998), 7-12% in pea (Ali-Khan, 1993), and 
7% in soybean (Lush and Evans, 1980). Therefore, low-
ering the seed coat proportion (SCP) would benefi t the 
competitiveness of lupins.

Clements and Dracup (2001) reported obtaining thin-
hull mutants with about 20% SCP after treating breeding 
line 83A:473 (25.4% SCP) with ethyl methane sulphonate. 
One of these mutants was evaluated in Chile, where its low 
SCP has been confi rmed to be about 5 percent points less 
than most cultivated narrow-leafed lupins. However, the 
mutant has relatively low plant vigor and it is low-yielding 
compared to current cultivars. Therefore, this work aimed 
to estimate the heritability of the low SCP trait of a thin-
hull mutant and thus its usefulness in lupin breeding.

MATERIALS AND METHODS
Six narrow-leafed lupin populations were generated 

at Carillanca Research Center, Temuco, Araucania region 
of Chile, by crossing a thin-hull mutant with six lupin 
genotypes. A seed sample of the mutant, received from the 
Department of Agriculture and Food of Western Australia 
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as 11257, was increased in the fi eld and some fraction of 
plants showing poor development were eliminated, at 
least during two cropping season. Then the mutant was 
designed as THM-11257. During several years of evalua-
tion in Chile, THM-11257 has shown SCP values between 
19.1 and 20.1%. The genotypes crossed to the thin-hull 
mutant were Australian cultivars Danja, Gungurru, and 
Wonga, and Chilean lines INIA-208, INIA-209, and 
Gungurru/Azul (derived from a cross made by Semillas 
Baer between Gungurru and a blue-fl owered naturalized 
Lupinus angustifolius growing wild in certain areas of the 
Biobio region of Chile). A fi eld experiment (randomized 
complete bock design with 4 replications) in Carillanca 
Research Center during 2003, with the seven parents, con-
fi rmed signifi cant differences among them, particularly 
between the mutant and the other six parents.

Crosses were made in November 2004; F1 seeds from 
the six crosses were harvested in February 2005 and 
sown in the fi eld in August 2005 to advance to the next 
generation. F2 seed from each of the seven populations 
was harvested in February 2006 and about 200 F2 seeds 
from each cross were sown spaced (about 12 seeds/m2) 
in August 2007. In February 2008, 150 healthy single F2 
plants were harvested individually from each of the seven 
populations. Unreplicated 1-m F2-derived F3 progeny rows 
with 0.5 m between rows were planted in August 2009 
with 10 F3 seeds, along with the parents. Plants from each 
F2:3 progeny row were harvested and threshed in bulk in 
2010. All generations received similar agronomic man-
agement: seeds were treated with a fungicide (carboxim 
+ thiram) and an insecticide (fi pronil) at recommended 
doses; only phosphate fertilizer was applied at rates of 
60 to 100 kg/ha of P2O5 depending on soil analyses; and 
simazine was applied at pre-emergence for weed control 
at doses of 1.3 kg/ha. Hand weeding was practiced where 
needed before row closure.

After threshing the seed was cleaned and stored in 
a laboratory and allowed to reach uniform moisture of 
about 12%. Twenty-seed samples were randomly taken, 
excluding mechanically damaged and underdeveloped 
seeds, from single F2 plants and F2:3 progeny rows, and 
used to calculate mean seed weight. The seed samples 
were placed in Petri dishes with damp absorbent paper 
and allowed to absorb distilled water between 5 to 10°C 
for 2 hours. Since some samples had seeds that did not 
imbibe, each SCP datum was obtained from a total of 
15 processed seeds. The hull of the softened seeds was 
removed, retaining the embryo with the cotyledons. The 
two fractions – seed coats and cotyledons – were dried at 
65°C for 12 hours and weighed separately to the nearest 
0.0001 g with an analytical balance immediately after 
removal from the oven. The proportion of seed coat (SCP) 
was expressed as a percentage relative to the weight of 
the whole seeds.

Non-transformed data were used to estimate heritabil-
ity using parent-offspring regression and correlation. Par-
ent offspring regression coeffi cients (b) were calculated 
from regression of F2:3 progeny row means onto parental 
F2 means, using JMP 8.1 statistical software. Also, parent-
offspring correlation (b’) was computed from data coded 
in standard deviation units (Frey and Horner, 1957) in 
order to eliminate phenotypic variation arisen from evalu-
ating two generations in different cropping seasons. Both 
regression and correlation coeffi cients were considered as 
narrow-sense heritability estimates (h2 = bF3/F2).

RESULTS AND DISCUSSION
According to data collected during 2010 and previ-

ous years, the SCP of THM-11257 has been signifi cantly 
lower than the SCP of the other six parents used in the 
study. With the exception of Danja, the SCP of the parents 
used in the study typically exceeds that of THM-11257 
by at least 5 percent points. In addition, lines INIA-208 
and INIA-209 are large-seeded, with mean seed weight 
usually above 200 mg, whereas THM-11257 reaches less 
that 150 mg (Table 1).

The coeffi cients of regression (b) and correlation (b’) 
for the six crosses shown in Table 2 indicate that the 
heritability of SCP was high, usually well above 0.5. As 
expected, correlation coeffi cients were higher than re-
gression coeffi cients. Crosses THM-11257/INIA-209 and 
THM-11257/INIA-208 gave the lowest and highest b coef-
fi cients, respectively. These are the large-seeded lines with 
mean seed weight over 200 mg. Five crosses had normal 
distributions during both, the F2 and the F2:3 generations; 
however, cross THM-11257/INIA-208 had a distribution 
clearly biased toward the low-SCP parent (THM-11257) 
during both, the F2 and the F2:3 generations. The F2 from 
this cross had about thrice greater variance than the other 
fi ve crosses and a distribution with high skewness and 
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high kurtosis (Alvarez et al., 2009). Interestingly enough, 
the population from cross THM-11257/INIA-208 was the 
one that contributed with the highest number of low-SCP 
F2 single plants and the highest number of low-SCP F2:3 
lines out of the 900 under evaluation.

The absence of a bimodal distribution in the six 
populations under study suggests that no mayor QTL 
with dominant effect is controlling SCP expression but 
probably only minor QTL (Xu, 2010). Figure 1 shows the 
regression plot of F2:3 progeny row means onto parental 
F2 individual values, which had a highly signifi cant slope 
(b) of 0.67***, with a coeffi cient of determination R2 = 
0.54***. Border histograms for both generations are also 
shown. From this general distribution and distributions for 
each cross separately, it becomes clear that SCP behaved 
as a quantitatively inherited trait. This is an unexpected 
outcome considering that the low SCP trait comes from an 
induced mutant, where the odds for more than one DNA 
modifi cation event affecting SCP are unlikely.

Clearly, the SCP of a single plant is a good predictor 
of the SCP of the progeny in a subsequent year. Narrow 
sense heritabilities for the six crosses fl uctuated between 

h2 = 0.48 and h2 = 0.81 when estimated through parent-
offspring regression, and between h2 = 0.52 and h2 = 0.86 
when estimated through parent-offspring correlation 
(Table 2). These indexes indicate that a major portion 
of the SCP variance is due to additive genetic effects. 
Using variance components analysis, Mera et al. (2004) 
estimated broad sense heritability for SCP in 0.96. 

The six crosses reciprocals to the ones reported here 
are being analyzed and will be reported soon. However, 
the results obtained so far suggest that selection for low 
SCP will have a favorable response. The selection process 
may now be facilitated by determining SCP using near 
infrared refl ectance spectroscopy (NIRS), a rapid, nonde-
structive and reliable method (Alomar et al., 2010).
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ABSTRACT
To develop the potential of narrow-leafed lupin for 

northern European conditions, we have conducted a 
germplasm improvement program based on selection 
in different climatic environments. A set of 50 acces-
sions was studied in Finland, Russia and Ukraine 
using a consistent protocol. Most of the variation in 
yield (56%) was due to environmental factors, 23% 
to genotype, and 14% to the genotype x environ-
ment interaction variance. The program has focused 
on the development of germplasm for the long days 
(18 h) and cool temperatures of southern and eastern 
Finland (latitude 60-62°N). The photoperiod reac-
tion was studied in more detail and a breeding line, 
Mut-1, was selected from Poland for crossing. This line 
demonstrated a stable vegetative period at different 
latitudes, and had a long-day photoperiodic reaction. 
Subsequent studies showed that Mut -1 demonstrated 
a long-day photoperiodic reaction only at or above 
16°C. From this breeding program, two new cultivars, 
provisionally named Fin-1 and Fin-3, have been de-
veloped. They have a growing season of 85-115 days, 
seed yields up to 2.3 t/ha, and seed protein content of 
36-42%. The next step will be comparative yield trials 
with established cultivars.

KEY WORDS
climate change scenarios, eco-geographical conditions, 
determinate growth habit, long-day photoperiodic re-
action, narrow-leaved lupin breeding, photoperiod re-
sponse

INTRODUCTION
Plant breeding has made noticeable progress with the 

attempts to advance many crops to the north. As far as 
lupin is concerned, two favourable circumstances should 

be considered: availability of determinate branching geno-
types with a much shorter growing period (Mikołajczyk, 
1963; Delane et al., 1986; Kurłowicz, 1992), and global 
warming. Climate change offers new opportunities for 
northern European fi eld crop production that is currently 
limited by a short growing season. A warmer climate 
will extend the overall growing season for lupin and the 
physiologically effective part of it.

Narrow-leaf or blue lupin stands out among other 
cultivated annual species for its earliness, so it is likely 
to be the most suitable lupin for cultivation in northern 
regions. The purpose of our breeding program was to 
develop narrow-leaf lupin cultivars using the possibilities 
of long daylight duration in the most effective way with 
a limited temperature regime. This task required that 
the period from sowing (May) till maturity (September) 
should be no longer than 125 days, preferably between 
80-115 days, while economic productivity of seeds should 
be more than 2.0 t/ha.

MATERIALS AND METHODS
Research materials were represented by 50 narrow-leaf 

lupin accessions from Belarus, Greece, Poland, Russia and 
the USA, of which the 10 most important are described 
in Table 1. The most useful accession was Mut-1 from 
Poland, which carried a long-day photoperiodic reaction. 
A specifi c feature of our approach was that we tested 
the source material for our breeding experiments in fi ve 
different climatic environments (in Finland, Russia and 
Ukraine) (Table 2) by uniform techniques (Kurlovich et 
al., 1990). The main breeding activities were carried out in 
southern Finland (region of Ristiina, 61°30’ N) on sandy 
soils with pH 5.5-6.5. Appropriate parental accessions 
were hybridized there to obtain lines with the required 
features for northern conditions.
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Two planting patterns were used in each of the eco-
geographic locations: 50 plants/m2 with 14 cm row spacing 
and 25 plants/m2 with 45 cm row spacing.

All statistical analyses were performed with the 
software package Statistica 8 (StatSoft, Inc.). Analysis of 
variance were performed using the ANOVA module of 
Statistica 8.0 according to the following model: 

P = G + E (Y and L) + D + GE + GD + ED + GED + e

where P is the phenotypic observation of dry matter of 
all plants or seed in all or separate accessions; G is vari-
ance due to genotype; E is variance due to environment 
(years – Y and locations – L); D is variance due to plant 
density; GE, GD, ED and GED are variance of the interac-
tions between the mentioned factors; and e is the residual. 
Variance component estimation was computed according 
to the Three-Way Mixed Factorial Design (StatSoft, Inc., 
2008) for assessing the contribution of different factors 
and their interactions.

In laboratory experiments, lupin accessions were 
planted in polyethylene pots to determine their response to 
two photoperiods, (1) natural daylight of 17-18 hours/day, 
and (2) shorter daylight of 12 hours. The short photoperiod 
was arranged by moving the wheeled pallets with the pots 
into a dark cabin from 7 PM until 7 AM. Reactions of 
plants to the daylight duration were evaluated according 
to their fl owering phase. Delayed fl owering and ripening 
under the short 12-hour daylight was indicative of various 
degrees of photoperiod sensitivity. 

RESULTS AND DISCUSSION
High effi ciency of testing the same lupin accessions in 

different ecological and geographical environments by a 
uniform technique was demonstrated in previous and the 
discussed research experiments. This technique made it 
possible to fi nd essential distinctions between the studied 
cultivars and accessions and identify genotypes with high 
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Figure 1. Variance components of yield of 10 accessions of narrow-leafed lupin at 5 test sites.

Figure 2. Sources of variation in 10 accessions of narrow-leafed lupin at 5 test sites.

stability of traits and high productivity. Such research 
helped to obtain valuable materials through hybridization 
between forms with different variability of traits under 
different conditions, which often attested to the non-al-
lelic nature of the genes that controlled them (Kurlovich, 
2002). As for the northern European growing conditions, 
we identifi ed accessions with a stable and short vegetation 
period and used them in our breeding program.

Low temperatures in winter and transitional seasons 
limit the plant growth period to about 4 months in the 
southern Finland. The growing season lasts an average of 
125 days, ranging between 110 and 140 days, and this is 
considerably shorter than in other regions (Table 2). The 
sum of effective temperatures for this period amounts 
only to 1380 degree-days (0°C baseline). Nevertheless, the 
duration of daylight here was the longest (17 h 36 min in 
June) of the tested areas. As the agroclimatic resources of 
Finland are limited, we investigated genetic and environ-
mental reactions of lupin under different conditions. 

The variance component estimation showed (Figure 
1) that the environments were the most important source 

of variation, accounting for 56.0% variance in yield, fol-
lowed by the genotype (23%) and the genotype-environ-
ment interaction (14%). The contribution of the remaining 
sources of variation, such as agro technical conditions 
(densities), was signifi cantly smaller. The same pattern 
was valid for the individual accessions of lupin, with 
minor differences (Figure 2). 

This technique helped to reveal essential genetic dif-
ferences among the studied cultivars and accessions and 
fi nd effective source material for breeding. The detailed 
methodology of these researches and the part of results 
obtained in the Ukraine and Russia in 1994-2004 has been 
described previously (Kurlovich et al., 2004).

Duration of daylight is the longest in the north (Table 
2). We have investigated its possibilities for more effec-
tive utilization in breeding practice. In eco-geographic 
investigations between 2002 and 2010, we paid special 
attention to the Polish accession Mut-1 (Mikolajczyk, 
1963; Święcicki et al., 1989). Its growing period showed 
the minimum variation between latitudes of the tested 
materials (Table 1). Although it did not always ripen in 
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Figure 3. Effect of temperature and daylength on duration of growing period of Fin-1 narrow-leafed lupin.

Finnish conditions (1996, 2001), the period of its vegeta-
tion in the northern environments appeared stable enough 
(130 days), indicating its potential use as a parent. 

Mut-1 developed fl owers and formed pods only with 
the longer daylength, thus demonstrating a long-day 
photoperiodic reaction (Table 3). The rest of accessions 
were early maturing under both photoperiodic regimes. 
However, under short-day conditions the plants of these 
accessions were less in height. 

Subsequent eco-geographic researches have shown 
that accessions with positive long-day photoperiodic 
reaction can demonstrate their valuable properties to the 
fullest extent only at a temperature exceeding 16°C, while 
at lower temperatures its effect decreases (Figure 3). 

The long-term mean summer temperature in southern 
Finland (60-62°N) is 16.2°C (reported by a meteorologi-

cal station). This fact testifi es to a possibility of using the 
long-day response in narrow-leaf lupin breeding for 
northern European environments. Crosses between the 
accessions studied (Table 2), allowed the development 
of suitable forms of narrow-leaf lupin with restricted 
branching and high pod density on the main stem. They 
will be submitted to the offi cial trials as new cultivars. 
Characteristics of two future cultivars are presented here 
(Table 4).

Continuous tests showed a seed yield of more than 2 t/
ha. This parameter is still low, but it is the minimal margin 
admissible from the economic point of view, considering 
high content of storage protein and oil in lupin seed. The 
developed cultivars ripened annually in the environments 
of Finland (61°30 ‘ N), being sown in May and harvested in 
September. In the very hot summer of 2010, seed ripened 
in the middle of August. Their vegetation period through 

many years of testing varied from 
85 to 115 days. It should be noted 
that in the process of breeding we 
also identifi ed earlier forms with 
a vegetation period of 80-105 
days (Kurlovich et al., 2002), but 
tests showed that they had low 
productivity. Meanwhile, we are 
still utilizing them in our breeding 
program as source materials.

The cultivar Fin-1 was produced 
by crossing the accessions Mut-1 
(Poland) and Pershacvet (Belarus), 
and cv. Fin-3 by crossing Mut-1 x 
Ladny (Russia). Both cultivars have 
the deb1 and deb2 genes that control 
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determinate branching (Kurłowicz, 1992). According 
to the classifi cation system (Kurlovich and Stankevich, 
1994), cv. Fin-1 is attributed to variety angustifolius: 
fl owers are blue. Seed are mottled grey with unclear spot-
ting. Cotyledons and the carina’s edge are anthocyanin-
coloured; form – angustifolius: side shoots are absent 
or shortened, fl owers are axillary. Cv. Fin-3 belongs to 
variety albidus: fl owers are white. Seed are white, with 
sparse brown spots. Cotyledons are without anthocyanin, 
vegetative parts are dark-green; form – kuptzovii: side 
shoots are absent or shortened, fl owers are axillary.

The Finnish company Raisio and the German compa-
ny Kraft, producing feed for fi sh, have become interested 
in our breeding efforts, since lupin seed is a valuable raw 
material for them. It gives us a reason to hope that farm-
ers will start to grow the narrow-leaf lupin in southern 
Finland. Already two farms in southeastern Finland have 
commenced seed multiplication of Fin-1 and Fin-3. We 
continue researching narrow-leaf lupin in order to increase 
its productivity, shorten the vegetation period, and develop 
methods of weed control for organic farming. 

CONCLUSIONS
These studies employed a highly effi cient method of 

testing the same lupin accessions in different ecological 
and geographical environments by a uniform technique. 
This technique made it possible to disclose essential dis-
tinctions between the studied cultivars and accessions, 
and to fi nd promising source materials for breeding.

Breeding experiments resulted in early-ripening cul-
tivars of narrow-leaf lupin with determinate branching, 
high pod density on the main stem, and stably harvested 
seed yield of 2-2.3 t/ha in the conditions of southern 
Finland.

The expected climate change towards warming of-
fers new opportunities for northern European fi eld crop 
production that is currently limited by a short growing 

season. Narrow-leaf lupin may become an important 
source of protein under these changing conditions. It is a 
promise for the future.
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ABSTRACT
In contrast to major temperate or Mediterranean 

crops the narrow-leafed lupin (Lupinus angustifolius 
L.) was domesticated very recently, has a narrow 
genetic base, and a very skewed production distribu-
tion, dominated by Western Australia.  To investigate 
the adaptive ramifi cations for the crop in Australian 
production environments, G × E analysis was per-
formed on historical trials (n=61) of all Australian 
cultivars (n=25) released since 1967. AMMI analysis 
demonstrated that G × E interaction was dominated by 
2 independent yield patterns: a) very strong responses 
to the warm northern WA wheatbelt, and b) much 
weaker responses to higher yielding eastern state en-
vironment.  There has been good progress in breeding 
for WA environments, which favour early fl owering, 
fast growing cultivars; but much less progress in the 
higher yielding eastern state environments, where 
later fl owering, vernalization responsive genotypes 
tend to be relatively more successful.  The data dem-
onstrates that matching cultivar phenology to target 
environment is essential in lupin and that the vernal-
ization response is a breeding bottleneck which must 
be overcome by widening the available fl owering range 
in the vernalization unresponsive breeding pool.

KEY WORDS
Lupinus angustifolius, adaptation, genetic diversity, 
genotype by environment analysis, crop evolution, ver-
nalization response

INTRODUCTION
In contrast to major temperate or Mediterranean 

crops such as wheat, barley, or pea, the narrow-leafed 
lupin (Lupinus angustifolius L.) was domesticated very 

recently, has a narrow genetic base, and a very skewed 
production distribution.  Despite considerable breeding 
investment in Central Europe in the early 20th century 
(Hondelmann, 1984), L. angustifolius is currently only a 
major broad-acre crop in Australia, where it is supported 
by a single breeding program, which predominantly 
serves the Mediterranean climatic regions of the Western 
Australian (WA) grainbelt.  The combination of founder 
effect-exacerbated by the requirement for very low seed 
alkaloid concentrations alongside the usual domestica-
tion traits such as pod indehiscence, large seeds etc, and 
small effective population size have limited the genetic 
diversity of the breeding pool, both in Australia and 
beyond  (Nelson et al., 2011).  In addition, given that the 
Australian lupin breeding program is strongly focussed on 
Western Australia, it is possible that strong selection for 
local optima has further limited the yield potential of the 
crop in different environments outside of the target area.  
Given that Australia hosts the world’s only industrial-
scale lupin breeding program, this is of wider interest to 
the lupin community.

To address this issue, adaptation of narrow-leafed 
lupin to Australian production environments has been 
a recent research focus (Berger et al., 2012a; Berger et al., 
2012b), using  historical trials (n=61: Fig. 1) of all Aus-
tralian cultivars (n=25) released since 1967 to investigate 
G × E interaction in seed yield and a range of related traits. 
This article summarizes the key messages in this research, 
and suggests further lines of investigation to broaden the 
adaptation of narrow-leafed lupin.

MULTI-ENVIRONMENT 
ADAPTATION STUDIES: 

KEY POINTS
Multi-environment trial yield data demonstrates the 

predominance of main effects among Australian culti-
vars, with genotypic and environmental variances 10 and 
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100 times larger than the G x E interaction, respectively 
(Berger et al., 2012b).  Accordingly there were almost 
20-fold differences in site mean yield, varying from 170-
3260 kg/ha (Berger et al., 2012a).  There clear regional 
differences in site climate (Fig. 2) and yield potential.  
The Mediterranean climates of WA were characterized by 
warm vegetative phases with low vernalization induction, 
low frost incidence, and early fl owering.  Conversely, the 
summer rainfall-dominated eastern climates had much 
cooler vegetative phases, with high vernalization induc-
tion and frost incidence, leading to later fl owering (Fig. 
2).  While there was a wide yield range in both western 
and eastern Australia, 5 of the 7 highest yielding sites 
were found in eastern Australia.  Site mean yield was 
positively correlated with biomass (r2=0.86), maturity date 
(r2=0.84) and the relative humidity of the reproductive 
phase (r2=0.54), suggesting that lupin is biomass-limited 
by terminal drought stress in the Australian production 
zone (Berger et al., 2012a). Soft fi nishes to the growing 
season, characterized by high relative humidity, allow for 
delayed maturity, giving suffi cient time to accumulate 
biomass and turn this into seed yield. 

The relatively minor, albeit signifi cant (P<0.001), 
G × E interaction effect among Australian cultivars sug-
gests that while genotypic differences are large, they 
are unable to fully capitalize on the large environmental 
differences occurring in the Australian production envi-
ronment.  This was highlighted by AMMI analysis which 
demonstrated that G × E interaction in narrow leafed 
lupin across Australia was dominated by 2 independent 
yield patterns, representing distinct Finlay-Wilkinson 
responses to western and eastern production environments 
(Berger et al., 2012a). AMMI 1 captured very strong 
yield responses to the warm northern WA wheatbelt, 

while AMMI 2 represented much weaker responses to 
the considerably higher yielding eastern state environ-
ments. Thus, over time Australian cultivars have become 
increasingly responsive to warm, medium rainfall, 
northern WA grainbelt environments, but much less so 
to cooler eastern environments, which have signifi cantly 
greater yield potential.  Moreover, while the vernaliza-
tion response was entirely counterproductive in WA, 
where it was associated with a very low capacity to for 
genotypes to respond to higher yielding environments, the 
opposite was the case in eastern Australia. Accordingly, 
G × E interaction for yield in narrow-leafed lupin is well 
explained by phenology, and its interaction with seasonal 
climate, as a result of varying vernalization responses 
(Berger et al., 2012a). Yield differences between cultivars 
are minimized when vegetative phase temperatures fully 
satisfy the vernalization requirement, and maximized 
when they do not.  In the vernalization-inductive eastern 
environments, vernalization responsive (VR) cultivars 
fl owered only slightly later (4-7 days) than their vernaliza-
tion unresponsive (VU) counterparts, while in WA this 
difference increased to 9-43 days. Delayed phenology 
had a huge effect on yield and related traits in WA, with 
VR cultivars characterized by dramatically lower grow 
rates, productivity and yield response than VU cultivars 
in the western region (Berger et al., 2012b). Photothermal 
phenology modelling demonstrated that VU cultivars 
were much more temperature responsive than VR variet-
ies, where the response tended toward 0 as vernalization 
induction decreased. Conversely, the opposite was the 
case for the vegetative phase daylength response, which 
was signifi cantly higher among VR cultivars.  Despite big 
temperature and daylength response differences between 
VR and VU cultivars, there was very little variation within 
either group (Berger et al., 2012b).
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IMPLICATIONS FOR BREEDING
The combination of founder effect, small effective 

population size and strong selection for local (Western) 
optima has limited genetic diversity among Australian 
cultivars (Nelson et al., 2011; Berger et al., 2012a). Lupin 
breeders have selected strongly for drought escape, medi-
ated by highly temperature responsive phenology that is 
independent of vernalization induction.  While freedom 
from vernalization results in very fl exible phenology 
across Australia, there is very little variation in fl owering 
time among cultivars, which all tend to be early.  While 
this is an appropriate strategy for the strongly Mediterra-
nean climate of the northern WA grainbelt, it limits yield 
potential in longer growing season environments.  This 
is clearly indicated by improved yield responses among 
VR cultivars in eastern environments, which by fl ower-
ing moderately later, are able to better exploit the longer 
growing seasons.  This makes sense- given that lupin is 
biomass-limited, and must grow as long as the environ-
ment will allow, to maximize its yield potential.

Because phenology is confounded by vernalization 
response in narrow-leafed lupin, and there is very little 
variation in temperature and daylength responses in either 
group, the crop is stuck in an adaptive bottleneck.  Match-
ing cultivar phenology to growing season length (ie early 
for short, late for long) is only possible in the eastern 
regions, which are cold enough to induce a vernalization 
response (Berger et al., 2012b).  This is a fundamental 
shortcoming in the crop, given that WA is the world’s 
predominant production region.  As a result it is likely that 
potentially more productive longer season environments 
within WA are currently under-exploited by narrow-leafed 
lupin because of fl owering and maturing too early as a 
result of their highly temperature responsive phenology.  
This argument applies equally well internationally.   With-
out effectively matching crop phenology to growing season 
it is not possible to fully exploit the best environments in 
Australia, let alone the wider world.  Moreover, the re-
quirement for separate phenological response mechanisms 
for eastern and western environments acts as a breeding 
barrier which slows the rate of crop improvement. 
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THE WAY FORWARD
To produce cultivars that can fully exploit the produc-

tion environment it is essential to develop an understand-
ing of specifi c adaptation in the species.  Given the short 
and narrow history of domesticated narrow-leafed lupin, 
this necessarily forces us to work with wild germplasm. 
This is a strength, because the genetic resource collection 
of L. angustifolius, while small, is of very high quality, 
having been extensively quality controlled, and charac-
terized in terms of collection site habitats (Berger et al., 
2008) and genetic diversity (Nelson et al., 2011; Berger 
et al., 2012a).  The species natural distribution within the 
Mediterranean basin covers an extensive terminal drought 
stress gradient (Berger et al., 2008), which will facilitate 
the introduction of short/long season adaptive traits to 
the crop, such as:

• Appropriate phenology (wider fl owering range in 
vernalization unresponsive background). This will 
require careful parental selection, based on an un-
derstanding of fl owering responses to temperature, 
photoperiod and vernalization in genetic resource 
collections.

• Appropriate water-use under terminal drought stress. 
Narrow-leaf lupin appears to be a profl igate water 
user, transpiring twice as quickly as wheat and fi xing 
C 65-80% faster under well watered conditions, but 
also being very sensitive to decreases in leaf water 
potential, with rapidly declining leaf conductance, 
photosynthesis and relative water content on the onset 
of stress (Turner and Henson, 1989).  Currently very 
little is known about variation for water-use within 
narrow-leafed lupin.

• Appropriate early vigour and the capacity to remo-
bilize biomass. Lupin appears to rely on current 
photosynthesis to fi ll grain, as opposed to wheat 
which remobilizes stored C fi xed earlier in the season 
(Sandana et al., 2009), which may account for high pod 
abortion, poor yield stability and low harvest index. 
To date there is no information on remobilization vari-
ability within lupin species which can be exploited for 
crop improvement.

Investigating adaptive strategies in wild material, 
and then introgressing promising genotypes into the 
breeding pool will concomitantly widen the genetic base 
of the breeding program.  However, given that this is 
an important breeding target in its own right, advanced 
back-cross QTL populations are currently under develop-
ment, in advance of identifying specifi cally adapted wild 
germplasm that will be used in future breeding. 
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ABSTRACT
Narrow leaf and yellow lupins have signifi cant 

potential with respect to ruminant, poultry and 
aquaculture supply chains in the UK.  Their protein 
and oil content is such that they have considerable 
promise as part of livestock diets together with other 
advantages as arable break crops. However, the cur-
rent area of these lupins grown in the UK is very small 
with major problems of low and very variable yields, 
late maturity and intolerance of alkaline soils. This 
in turn means that there is little supply of lupins into 
feed formulations. We have shown that improvements 
in these traits is possible, after only two generations of 
selection, although further germplasm improvement 
is required before these species can play a major role 
in UK agriculture. Similarly, the potential for lupins 
to replace soya in ruminant diets has been shown in 
short term studies. There is a need to extend these 
studies and to focus on the effects of using lupins in 
ruminant diets over longer time periods and the use of 
new technologies, such as crimping to allow for earlier 
harvesting dates, and the use of new technologies, - to 
enhance palatability and inclusion rates not only for 
ruminants but also poultry and fi sh. At the same time 
further work on weed control is needed to develop 
an agronomic ‘package’ to make the most of narrow 
leafed and yellow lupins in the UK.

KEY WORDS
alkalinity, genetics, maturity, yield

INTRODUCTION
Currently, the area of lupins grown in the UK is small 

although their potential has long been recognised. Of 
the major agriculturally important species this work is 
focused on two: narrow leaf lupin (Lupinus angustifolius 

L.) and yellow lupin (L. luteus L.). In particular we are 
interested in assessing and developing their role as spring 
grown break crops in arable rotations, with grain used 
across animal feed supply chains. The major drivers for 
this are fi rstly the high levels of soya imports, with rapid 
increases in prices being seen currently and the related 
lack of competitive sources of sustainable home grown 
protein. The protein and oil content of lupins make them 
well suited to the task of replacing soya in many animal 
diets.  Secondly, the nitrogen fi xed by lupins can be an 
important part of sustainable rotations and even more so 
at a time of increasing nitrogen fertiliser prices.  Taken 
together these factors appear to make lupins an attractive 
option from both economic and environmental view-
points. However, the area grown in the UK was less than 
5000 ha in 2010.

The main limitations are poor and inconsistent yields, 
maturity too late for effi cient harvesting and lack of 
tolerance of alkaline soils. These were addressed in the 
germplasm improvement aspects described below. At the 
same time there is a need to establish the value of narrow 
leaf and yellow lupins in livestock diets, particularly in 
comparison with soya.

SUMMARY OF RESULTS
(a) Germplasm Improvement

Work carried out under the Lupins in Sustainable 
Agriculture project (see Abberton and Mizen, 2008 for 
background and details of methods) initiated germplasm 
development of yellow and narrow leaf lupins for the UK. 
The main fi ndings were:

(i) Based on two years data from fi eld drills clear evidence 
of the potential for improving lupins for UK conditions 
was observed. Improved selections of determinate L. 
angustifolius were seen with respect to the control 
variety Prima (maximum 21.4% increase in grain yield 
(g/plant) and 4.6% in Thousand Grain Weight). Simi-
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larly, for indeterminate types, with Bora as control: 
36.9% increase in yield and 23.2% increase in TGW. 
For yellow lupins, increases of 11.7% in yield and 7% 
in TGW were observed.  Clearly these results are pre-
liminary and can be taken as no more than indicative 
of the potential for improvement. They represent only 
two generations of selection.

(ii) In many parts of the UK, earlier maturity is desirable 
to optimise harvestability and yield and to fi t into 
rotations.  Measurements of fl owering date and grain 
moisture content at harvest were used as indicators 
of plant development and harvestability. Selections 
were made over two generations for earlier maturity 
and this resulted in genotypes which were ten days 
earlier to harvest than control plants. 

(iii)  Poor tolerance of alkaline soils is a signifi cant limi-
tation on the wider used of yellow and narrow leaf 
lupins in the UK. Three distinct but complementary 
approaches were taken to enhance growth on alkaline 
soils: recovery of surviving genotypes from fi eld ex-
periments on high pH soils, liming treatments, carried 
out over several years and subsequent recovery of 
genotypes from treated fi elds, screening of genotypes 
in fl owing solution culture. Genotypes with improved 
performance at alkaline pH were identifi ed in both L. 
angustifolius and L. luteus. 

(iv) An extensive crossing programme was established 
utilising genotypes selected not only with respect to 
the traits outlined above but also degree of branching 
and plant height. This programme has the potential to 
extend the gains made by the family selection proce-
dures referred to above.

(b) Role of lupins in livestock nutrition

Imported soya is a key protein component in com-
mercial concentrate diets for dairy cows in the UK, with 
millions of tonnes being imported on an annual basis. 
Soya prices have recently reached an all time high, almost 
doubling in two years and it seems likely that this will 
increase still further. For beef and sheep production, soya, 
oil seed rape and palm kernel cake and meal are typically 
used in commercial concentrate diets in the UK. Coupled 
with this, there is now added pressure for the oil seed rape 
produced for animal feedstuffs to be used as biofuel to 
meet ever increasing targets from the EU regulations for 
biofuel inclusion in petroleum-based fuels. Lupins as a 
high protein, high energy, nitrogen-fi xing grain legume, 
are the only UK grain legume crop with a protein and oil 
composition that is high enough to compete with soya 
and provide a sustainable protein source for UK ruminant 
production.

Typically the predominant lupin species fed to dairy 
cattle in Europe and the USA is the white lupin (Lupinus 

albus L.) (White et al., 2007) and previous research has 
shown that white lupins can be used to replace soya as a 
protein supplement for lactating dairy cows (May et al., 
1993). With respect to sheep production, research had 
tended to focus on the effects of the Australian sweet 
lupins, also known as narrow-leaf lupins (L. angustifo-
lius) (Hill, 2005), with an estimated 550, 000 t of lupin 
grain being fed to sheep in Western Australia each year 
(Murray, 1994). However, research has shown there are 
advantages of growing spring-sown yellow lupins in the 
UK, due to lower weed control needs and a lower risk of 
plant loss overwinter compared with autumn-sown white 
lupins (Shield et al., 2000).

(i) A short-term experiment investigated the use of lupins 
compared with soya bean (Glycine max (L.) Merr.) 
meal when incorporated into dairy concentrate diets. 
Spring-sown yellow lupins (cv. Wodjil) were used in 
the experiment. Following dietary adaptation, the milk 
yield and composition of dairy cows was recorded over 
a 7 weeks period, from weeks 5 to 12 of lactation. 
Twenty-four mature autumn-calving dairy cows were 
used. Cows received ryegrass silage ad libitum using 
individual feeders and then concentrates of each diet 
treatment were fed as 9 kg/d- were fed in 3 equal amo-
unts per day. Milk yields were measured and 50 mL 
sub-samples of milk from two consecutive milkings 
were collected for milk composition data. Dairy cows 
offered the soya bean meal concentrate were found to 
have higher DM intakes, and therefore, ME intakes 
than cows offered the lupin dietary treatment but there 
was no difference in the N intake by cows on the two 
treatment diets. As animals on both dietary treatments 
consumed the same (9 kg) amount of concentrates each 
day, the intake data showed that dairy cows offered 
concentrates containing soya bean meal consumed 
more ryegrass silage than those offered concentrates 
containing yellow lupins. There were no signifi cant 
differences in the milk yield or milk composition 
from dairy cows offered concentrate diets containing 
either yellow lupins or soya bean meal during weeks 
5 to 12 of lactation (P > 0.05). Overall, the fi ndings 
from this study indicate that yellow lupins could be 
used as a home-grown alternative to imported soya in 
dairy diets in the UK but further studies are needed 
to determine the long-term effects of yellow lupins on 
dairy cow health and fertility.

(ii) An experiment investigated the effects of incorpo-
rating both yellow (cv. Wodjil) and narrow leaf (cv. 
Prima) lupins into lamb fi nishing diets on lamb pro-
ductivity and carcass characteristics when compared 
with a soya bean meal concentrate or a commercial 
concentrate diet.  Following a 14-day adaptation 
period, lambs were housed and offered straw and 
concentrate ad libitum. The live weight gain of lambs 
offered concentrates incorporating soya, narrow-leaf 
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lupin, yellow lupin or a commercial control diet were 
185, 229, 193 and 166 g/d, respectively, with data 
showing no effect (P > 0.05) of diet.  Lambs offered a 
commercial control concentrate or concentrates con-
taining yellow lupin took, on average, 31 days to fi nish 
for slaughter, with lambs offered narrow-leaf lupin and 
soya diets taking 29 and 32 days, respectively. The 
killing-out (dress-out) percentage of lambs offered the 
soya, narrow-leaf lupin, yellow lupin or commercial 
control concentrate diet was 50.1, 50.7, 51.3 and 50.1%, 
respectively. Overall, the fi ndings from this study 
show that both narrow-leaf and yellow lupins could be 
used as a home-grown alternative to imported soya or 
a bought-in commercial concentrate, containing rape-
seed meal and palm kernel, for fi nishing lambs in the 
UK without any adverse effects on lamb productivity 
or carcass killing out percentages. 

PROSPECTS
A sustained germplasm improvement programme is 

a pre-requisite for enhancing the exploitation of lupins 
in the UK. The feasibility of this (in terms of available 
genetic variation, heritability of traits and response to 
selection) is strongly suggested by the results obtained. 
This is to be expected given the relatively short history of 
agricultural uses of these crops and the lack of previous 
efforts to adapt them to UK conditions. 
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ABSTRACT
It is demonstrated that artifi cially induced muta-

tion is an effective means to achieve increased vari-
ability in agronomic important traits in sweet narrow 
leafed lupin (Lupinus angustifolius L.).

In a mutation program initiated in 2006, about 
40,000 seeds of the German sweet lupin variety 
‘Boruta’ were treated with ethylmethanesulfonate 
(EMS). The resulting 27,300 fertile M1-plants were 
harvested separately. 

From 2007 to 2010, a total of 106,000 plants in 
about 9,530 M2-lines with were screened for aberrant 
plants. The considered trait groups involve properties 
of leaf, stem, fl ower, pod, and seed, respectively, as well 
as plant vigor, branching type, and fl owering type. As 
expected, the most M2-lines were heterogeneous, but in 
some cases already in M2 homogeneous lines have been 
found, which confi rmed homogeneity in M3. 

The M3-lines were checked to verify the aberrant 
character(s) and the homogeneity of the line. About 
70% of the inspected M3-lines appeared to be homoge-
neously. Homogeneous lines of M3 and advanced gen-
erations differed in length (24.8 mm-62.3 mm), width 
(4.4mm-13.8 mm), and chlorophyll content (4.0-85.5 
SPAD units) of the leafl ets. Several yield components 
(e.g. plant height, length of main infl orescence, branch 
number, pod and seed number, plant yield, 1,000-seed-
weight), which were estimated in single plants of about 
200 homogeneous lines, displayed a great variability, 
too. The protein content of M3-lines, as estimated by 
NIRS, ranged from 21.4% to 38.5%. Homogeneous 
mutant lines displaying stable expression of desired 
phenotypes, will be used to develop the respective mo-
lecular markers for marker assisted selection, too.

Yield trials of vigorous M4-lines indicated that 
several lines were comparable (i.e. not signifi cantly 
different) with the check varieties.

KEY WORDS
branching type, chlorophyll defi ciency, fertility, growth 

habit, plant density, seed size, yield components.

INTRODUCTION
Although the utilisation of lupins for soil improve-

ment as well as for food was already known in the 
ancient Rome, the low alkaloid ‘sweet’ lupin crop has a 
very short history. Just 80 years ago the basic work was 
done by Reinhard von Sengbusch who developed a rapid 
method for the identifi cation of low-alkaloid lupin plants 
and seeds. Within a few years he succeeded in selecting 
very rare spontaneous ‘sweet’ mutants in Lupinus albus 
(1:75.000), L. angustifolius (1:185.000), and L. luteus 
(1:340.000) (Hondelmann 1996). Further improvements 
of the agronomic value affecting, e. g., pod shattering, 
seed hardiness, and growth type were achieved in several 
countries (for a shortcut historic view see Clements et 
al. 2005). In Germany, sweet narrow-leafed lupin still is 
mainly grown for feed. The high protein content of the 
grain makes it a valuable component in feed mixtures for 
pigs, poultry, and ruminants. In organic farming the grain 
crop is used immediately as a farm grown feed. Particu-
larly on poor sandy soils it is a competitive crop because 
of its deep reaching tap root, which helps to tolerate dry 
weather periods, and the soil improvement by its ability 
to nitrogen-fi xation as well. For the future an increasing 
usage for food production is expected. Due to the limited 
variability in the primary gene pool and diffi culties in 
utilizing the secondary and tertiary gene pools it is hard 
for the breeder to adapt the crop to the challenges of 
modern agricultural needs (Singh 2005). One means to 
broaden the genetic variability is the artifi cial induction 
of mutagenesis. In Lupinus angustifolius the utilisation 
of mutants is aided by the very low degree of outcrossing 
(Dracup and Kirby 1996, Clements et al. 2005, Hamblin 
et al. 2005).
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Thus, in 2006 a mutagenesis programme was started 
to broaden genetic variability for agronomically relevant 
traits. At the previous Lupin Conference we reported on 
the method of EMS mutagenesis in narrow-leafed lupin 
and presented some fi rst results obtained with M2 and M3 
offspring (Rudloff et al. 2008).

In the present paper we extent the description to M3 
lines evaluated in 2009 and 2010.

MATERIAL AND METHODS
Mutant lines originated from cv. ‘Boruta’, which is 

a sweet type with a determinate growth. The EMS ap-
plication as well as the handling of treated seeds and M1 
plants is described by Rudloff et al., (2008). M2 lines were 
grown in plots with six rows 15 cm apart, where the 1st and 
the 4th row were empty, thus allowing an easy inspection 
of individual plants. For each M2 line, one row with 20 
plants was sown. The plants were scored for aberrations 
several times during growing period. Aberrant plants 
were classifi ed according to certain trait groups which 
described properties of leaves, stem, fl ower, pod, and 
seed. They were tagged and harvested separately, giving 
rise to individual M3 lines. 

M3 lines of 20 or 40 seeds were sown with a single-
seed drilling machine using the same plot design as for 
the M2 generation. M3 lines with < 20 seeds were sown by 
hand. For comparison, plots of the wild-type cv. ‘Boruta’ 
were interspersed in regular distances (Fig. 1). The lines 
were inspected for aberrant traits and uniformity at least 
three times during the growing season: before fl owering, 
during fl ower season, and at maturity.

Several M3 lines were assessed for leaf characters 
and/or certain yield determining features, with fi ve plants 
per line. For the measurement of leaf characters at the 
beginning of fl owering the upper fully developed leaf of 

each of fi ve plants per line was removed. The inner three 
leafl ets were estimated for (1) chlorophyll content with a 
chlorophyll meter SPAD-502 Plus® (Konica Minolta), (2) 
length of the leafl et, and (3) width of the leafl et. For the 
yield components fi ve plants per line were lifted off at 
physiological maturity. Several sections of the stem were 
measured in the fi eld, whereas the pod and seed related 
traits were measured in the lab.

Statistical analysis was done with SAS® v. 9.2 (SAS 
Institute Inc., Cary, NC, US). Signifi cant differences are 
calculated for α = 0.05.

RESULTS
In 2006, EMS treatment of 40,000 seeds of cv. ‘Boruta’ 

resulted in ca. 27,000 seed-setting M1 plants, with 1 seed to 
> 100 seeds per plant. The plants were harvested separately 
and grown as M2 lines in several sets over the following 
years. Up to the season of 2010, ca. 3,000 fertile aberrant 
individuals were selected from a total of 92,000 M2 plants 
representing 9,500 M2 lines. More than 2,300 M3 lines were 
grown to verify genetic homogeneity of the aberrant M2 
phenotypes (Table 1). 
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The proportion of fertile aberrant offspring differed 
between the fi rst two years of evaluation (81% and 90%, 
respectively) and the following two years (64% and 60%, 
respectively). This fi nding simply refl ected the fact that in 
2007 and 2008 M2 were drawn from the more fertile M1 
fraction, with seed-sets of ≥ 20 seeds/M1 plant, whereas 
in 2009 and 2010 a lower-fertility fraction (< 20 seeds/M1 
plant) was taken, too. In 2009, seeds obtained from M1 
plants setting 1, 2, or 3 seeds per plant were grown as 
M2 bulks, and these bulks displayed a strongly reduced 
fertility. A comparison in 2010 of M2 lines from different 
fertility fractions revealed that unfavourable aberrations 
(e.g. dwarfi sm, chlorophyll defi ciency, narrow leaf) were 
more frequent in the low-fertility M1 fraction as compared 
to the higher-fertility fraction (Fig. 2).

In both years a relatively high proportion of M3 lines 
were identifi ed as uniform, and about thee quarters of the 
lines differed in at least one morphologic trait from the 
wild-type cv. ‘Boruta’ (Table 2).

Sixteen traits have been considered during the inspec-
tion of M2 and M3 lines, with up to 6 different phenotypic 
variants. They involved growth type, shape, colour, den-
sity, and position of leaves, fl ower colour as well as density 
at the infl orescence, date, and duration of fl owering, posi-
tion of the infructescence, density, shape, and colour of 
the pod, lodging resistance, and date of maturity as well. 
Some aberrant phenotypes are shown in Fig. 3-5.

In several heterogeneous M3 lines different phe-
notypes have been identifi ed which gave uniform M4 
offspring with regard to the respective phenotype. Leaf 
measurements involved 124 M3 lines in 2009, and 155 mu-
tant lines from different sources in 2010. The variability 
of leaf characters is summarised in Table 3. 

The mutant lines’ means of leafl et length, width, and 
chlorophyll content were lower than in cv. ‘Boruta’, how-
ever minimum and maximum values of the mutant lines 
were considerably apart from the wild type. In particular,  
the chlorophyll content displayed a great variability, rang-
ing from 4.0 to 83.5 SPAD units in 2009 and from 17.3 to 
82.1 SPAD units in 2010. Surprisingly, even plants with 
quite low chlorophyll formed fl owers, pods and seeds (Fig. 
6). In 2009, the three lines with the lowest values yielded 
between 35 and 155 g of seeds.
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Besides morphological traits, some vegetative and 
generative traits were estimated for 94 uniform M3 lines 
in 2009 and a total of 80 M3 and M4 lines in 2010 (Table 4). 
The growing conditions were more favourable in 2009, as 
refl ected by the differences observed with cv. ‘Boruta’. 

The results indicate that the branches play an im-
portant role for the seed yield of the plant. In 2010, fi ve 

mutant lines yielded more than 35 g per plant (maximum 
43.4 g per plant). ‘Boruta’ yielded 24.0 g per plant with 5.6 
branches per plant. The mean number of branches of the 
top fi ve lines ranged from 6.8 to 10.2. Their contribution 
to the total seed yield was considerably higher than in cv. 
‘Boruta’. Whereas in cv. ‘Boruta’ the branches accounted 
for 54% of the total yield, they contributed between 74% 
and 84% in the fi ve lines.
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In 2010, some vigorous mutant lines and cv. ‘Boruta’ 
were compared in their yield components at two plant densi-
ties, i.e., low density (ld) with 30 plants/m2 in the observa-
tion plots, and high density (hd) with 90-100 plants/m2 in 
drill plots of a yield performance trial. As shown in Fig. 7, 
the hd plots gave taller plants with 6 of the 8 mutant lines 
as well as with cv. ‘Boruta’. The length of infructescence, 

i.e. the distance between top and bottom pod on the stem, 
was lower in hd. In the hd variant, the main stem nearly 
solely contributed to the seed yield, as only few branches 
with low seed set were observed here. 

In both years the M3 lines displayed nearly identical 
ranges and distributions of seed sizes expressed as 1000-
seeds-weight (Fig. 8). 
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The protein contents were assessed with NIRS on 
samples of 5 g of air-dried seeds. In 2009 (846 M3 lines 
screened) protein contents ranged from 21.4 to 38.1% 
(mean 31.4%), and in 2010 (225 M3 lines screened) it varied 
between 24.6% and 38.9% (mean 33.3%). 

DISCUSSION 
The variation induced by EMS not only concerned 

simple traits as leaf shape or colour of leaves and fl owers. 
Rather, more complex aberrant phenotypes were observed 
like, e.g., altered growth habit (dwarfs with erect or pros-
trate habit, semi- dwarfs, strong vigour) or branching type 
(basal branching, distribution of branches over the whole 

stem, branching in the upper stem). Many of the selected 
M2 plants were characterised by combinations of aber-
rant traits. It is impossible to calculate a mutation rate in 
this experiment, because the choice of phenotypes to be 
considered was mainly determined by their possible ag-
ronomic value, and not every individual plant of aberrant 
phenotype was selected for the next generation. 

One of the most important results for practical pur-
poses is that the majority of selected M2 plants displayed 
suffi cient fertility (Table 1). Over the four years (2007-
2010) about 77% of the fertile M2 aberrant lines could be 
propagated as M3 lines. As expected, not all of the M3 lines 
proved to be phenotypically uniform. Among the 15 and 
30% heterogeneous lines (Tab. 2) some offered additional 
opportunity for further mutant selection. 
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The alkaloid contents of the M3 lines were checked 
using Lugol’s solution (iodine – potassium iodide). Some 
few bitter seeds occurred, which raises the possibility of a 
back mutation in the trait of sweetness. Further investiga-
tions will concern the protein content. While a reasonable 
variability was observed in this trait the inheritable por-
tion of this variation remains to be elucidated. 

Several traits, which were of great importance in 
low-density plots, did not play any role in hd plots. For 
instance, branching hardly occurred in hd and, thus, had 
a very low yield effect there (Fig. 7). Compared to the hd 
variant, seed yields in ld obtained from stems were 252%, 
and the additional seed yield obtained from branches in-
creased the total yield to 541% of the total yield in hd. In 
a fi eld trial of mutant lines in 2010 the highest yield was 
achieved by the check variety ‘Boregine’ with 39.1 dt/ha. 
Assuming a density of 90 plants/m2 this corresponds to 
a plant yield of 18.3 g/plant. This value was excelled by 
32 of the 40 M3 lines evaluated in the same year. That 
indicates two ways to achieve increased yield: (1) to select 
for a longer main stem infructescence with more pods, 
and/or more seeds per pod, or (2) to develop varieties with 
branching in the upper stem region, which are grown with 
a lower seeding rate. 

Although a selection of mutant phenotypes was not 
seriously performed so far with regard to seed yield, M4 
lines derived from vigorously growing, uniform M3 lines 
were found which proved to be comparable in their seed 
yields to the check varieties, as shown by Klamroth et al. 
(2011) on this conference.

After having collected a number of uniform mutant 
lines with different phenotypes in the past years, the next 
steps will be to identify those lines which may contribute 
to increased agronomical performance of the crop, and 
to fi eld-evaluate them in more detail. In addition, crosses 
among mutant lines as well as with commercial varieties 
will have to be extended to study the inheritance of traits 
of interest and to develop molecular markers to combine 
and introduce these traits into variety breeding. 

CONCLUSIONS
The applied method of EMS-induced mutation has 

proven to be an applicable means to increase genetic vari-
ability in narrow-leafed lupin cv. ‘Boruta’. Homogeneous 
M3 lines could be developed not only for several mor-
phological traits, but also for growth habit, plant vigour 
or branching type, respectively. Certain vigorous mutant 
lines were shown to be able to compete with commercial 
varieties in seed yield. 

Currently desired mutant lines are crossed with 
each other to study the effects of trait combinations on 
agronomic performance. Crosses with the wild type cv. 

‘Boruta’ will produce segregating populations which will 
allow inheritance studies as well as the identifi cation of 
molecular markers for desired traits.

Further studies are needed to show if and how both 
seed architecture and composition is affected by muta-
tion. 
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ABSTRACT
Most south-European countries include a drought-

prone Mediterranean and a cold-prone subcontinen-
tal-climate region. White lupin in Italy can yield more 
crude protein than other cool-season grain legumes, 
but its modest seed market and the frequency of 
moderately calcareous soils suggest to select varieties 
with fairly wide climatic adaptation and improved 
lime tolerance. Genotype adaptation to climatically-
contrasting regions was investigated by selecting for 
wide and specifi c climatic adaptation an initial set 
of 72 segregating lines under autumn sowing in a 
Mediterranean site (Sanluri, Sardinia) and a subcon-
tinental-climate site (Lodi, Po Valley). Grain yields of 
the fi nal set of selected lines and two varieties across 
six environments were modeled by AMMI analysis. 
Genotype × environment interaction was large but 
had a simple pattern, being strictly associated with 
environment winter cold and genotype fl owering time. 
Breeding for wide adaptation required material with 
intermediate phenology and moderately high cold 
tolerance, which was very rare. Some germplasm 
with these characteristics, mainly originated in Ma-
deira and Canary islands, emerged in the evaluation 
of a global collection of landraces. Lime tolerance 
was investigated in Italian, Moroccan and Egyptian 
landraces grown in moderate-lime and low-lime soils 
in a set of large artifi cial environments, identifying 
an Italian landrace that confi rmed its lime-tolerant 
response across agricultural sites. 

KEY WORDS
breeding strategy, calcareous soil, cold tolerance, drought 
tolerance, lime tolerance, Lupinus albus

INTRODUCTION
Feed grain legumes are strategically important for 

increasing the sustainability of European agriculture and 
decreasing its marked defi cit of high-protein feedstuff. 
Unlike pea or faba bean, lupins are poorly adapted to 
calcareous or moderately calcareous soils, as they can suf-
fer of grain and biomass reduction when soil active lime 
(i.e., the soluble fraction of calcium carbonate according 
to Drouineau’s [1942] method) exceeds 10 g/kg of dry soil 
(Papineau and Huyghe, 2004). In suitable soils, however, 
white lupin (Lupinus albus) exhibited higher crude protein 
yield per unit area than pea, faba bean or narrow-leafed 
lupin across Mediterranean and subcontinental-climate 
environments of Italy, owing to its outstanding grain 
protein content (Annicchiarico, 2008). 

The selection of winter-hardy varieties in France has 
widened the potential area for autumn sowing of white 
lupin, which now includes suboceanic-climate (Papineau 
and Huyghe, 2004) and subcontinental-climate European 
areas (Annicchiarico and Carroni, 2009). Its objective 
was to increase the crop yield potential through the 
longer cycle relative to spring sowing. However, winter 
hardiness is related to delayed fl oral initiation (via greater 
vernalization requirement) besides intrinsic frost toler-
ance (Huyghe and Papineau, 1990) and may, therefore, 
increase the crop susceptibility to terminal drought. Most 
south-European countries include a Mediterranean and a 
subcontinental-climate region characterized by terminal 
drought and winter low temperatures, respectively, as the 
prevalent climatic stress. This raises the question of the 
adaptation target and the optimal phenological type for 
autumn-sown novel varieties, considering that the mod-
est lupin cropping area (e.g., about 2.900 ha in Italy and 
6.800 ha in Spain: http://faostat.fao.org/) suggests to breed 
white lupin varieties with fairly wide climatic adaptation. 
Indeed, large genotype × environment (GE) interaction 
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of crossover type (i.e., implying change of genotype 
rank) was found across autumn-sown Mediterranean and 
subcontinental-climate areas of Italy, when comparing 
Mediterranean germplasm (adapted to autumn sowing in 
mild-winter areas), European winter and European spring 
types (Annicchiarico and Carroni, 2009; Annicchiarico 
et al., 2010). 

The frequency of moderately calcareous soils suggests 
to select white lupin varieties with improved lime toler-
ance besides fairly wide climatic adaptation. Egyptian 
germplasm exhibited adaptation to moderately calcare-
ous soils in various studies (e.g., Kerley et al., 2002), but 
its susceptibility to winter cold hinders its exploitation 
in breeding for autumn-sown south-European environ-
ments (Annicchiarico et al., 2010), raising the need for 
other lime-tolerant genetic resources with better climatic 
adaptation to these cropping environments.

The objective of this study is contributing to defi ne 
adaptation strategies and useful germplasm types for 
south-European white lupin breeding programs. In par-
ticular, patterns of genotype adaptation to climatically-
contrasting regions were investigated by performing 
selection for wide and specifi c climatic adaptation on a 
large set of segregating lines with different phenological 
type. In addition, results were recalled or anticipated on 
the adaptation of landraces of different origin to climati-
cally-contrasting sites and moderately calcareous soils. 

MATERIALS AND METHODS

Selection of breeding lines for wide and specifi c 
climatic adaptation

The selection and testing work was carried out in two 
climatically-contrasting sites, namely: i) Lodi (Po Valley), 
representative of the subcontinental climate with extended 
frosts in winter and moderate terminal drought which is 
typical of northern Italy (as well as of some inland areas 
of the Iberian and Balkan peninsulas); ii) Sanluri (Sar-
dinia), representative of the Mediterranean climate with 
fairly mild winters and marked terminal drought which 
is widespread in southern Italy and other Mediterranean 
regions. Both sites had suitable soils for lupins (active lime 
< 4 mg/kg). The initial germplasm set included 72 F4 or F5 
segregating lines that were obtained by the French seed 
company Jouffray-Drillaud in the framework of a joint 
testing agreement. These lines encompassed European 
winter and spring phenological types. They had different 
plant architecture (tall or dwarf plant stature; indetermi-
nate or determinate growth) within the winter type, while 
being tall and indeterminate within the spring type.

Genotype selection for specifi c climatic adaptation 
was based on grain yield in Lodi for the subcontinental 

region and on grain yield in Sanluri for the Mediterra-
nean region. Selection for wide adaptation was based on 
genotype grain yield averaged across the two locations. 
The fi rst selection stage, performed in the cropping year 
2005-06, led to promotion to the next selection stage 
of 11 lines for each of the three adaptation targets. The 
second selection stage, performed in the season 2006-07, 
led to selection of three lines for each adaptation target, 
which were evaluated for grain yield also in the season 
2007-08. Each cropping year provided the seed for the 
next testing stage of the lines. The Italian variety Multi-
talia (Mediterranean phenological type) and the French 
winter-type variety Aster acted as control varieties in all 
test environments. 

The experiments adopted a randomized complete 
block or an alpha lattice design with three replications. 
Each plot included 54 sown seeds arranged on three rows 
in the fi rst two years, and 108 seeds arranged on four rows 
in the third year. Before sowing, the seeds were treated 
with Germipro UFB (350 g/l Iprodione + 177 g/l Carben-
dazim) at the rate of 2.6 ml/kg and were inoculated with 
NPPL HiStick (Becker Underwood). 

Grain yield responses of the fi nal set of selected lines 
and the two varieties across six environments (as combi-
nations of the two contrasting locations by three cropping 
years) were modeled by Additive Main effects and Mul-
tiplicative Interaction (AMMI) analysis (Gauch, 1992), 
owing the greater predictive ability and clearer display 
of adaptive responses provided by modeled data relative 
to observed data (Annicchiarico, 2009). GE interaction 
multiplicative terms were tested by the FR test (Annicchi-
arico, 2009). Onset of fl owering in each environment, and 
percentage of winterkilled plants in the fi rst and third year 
in Lodi (where mortality was severe), were also recorded 
and subjected to statistical analysis.

Climatic adaptation of landrace germplasm 
pools

Some 121 entries representing 13 germplasm pools 
(11 regional landrace pools from European countries and 
from regions of North and East Africa, West Asia and 
Atlantic islands; one winter-type and one spring-type pool 
of French varieties), and the Italian variety Multitalia, 
were evaluated for grain yield and a number of morpho-
physiological traits in 2004-05 in Lodi and Sanluri under 
autumn sowing, as well as in Saint Sauvant (western 
France, suboceanic climate) under spring sowing. Grain 
yields across environments of the germplasm pools and 
the individual accessions were modeled through AMMI 
analysis. Details of this experiment work are reported in 
Annicchiarico et al. (2010).
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Adaptation to moderately calcareous soils of 
landrace germplasm

Seventeen white lupin genotypes including 14 lan-
draces from Italy, Morocco or Egypt and three control 
cultivars were evaluated for grain yield and aerial bio-
mass in a set of four large (24.0 m × 1.6 m × 0.8 m deep) 
artifi cial environments created in Lodi by the factorial 
combination of moderate-lime soil (active lime = 30 g/kg; 
pH = 7.6) or low-lime soil (active lime = 5 g/kg; pH = 7.5) 
by two inoculants (one commercial, and one including 
three Bradyrhizobium strains with good nodulation under 

moderate-lime soil isolated in Morocco from other lupin 
species). One Italian landrace which displayed a lime-tol-
erant response was tested along with Multitalia for grain 
yield under fi eld conditions in two Mediterranean sites 
of Italy, one with low-lime soil (Sanluri; active lime = 
3 g/kg; pH = 7.4) and one with moderate-lime soil (Foggia, 
Apulia; active lime = 21 g/kg; pH = 7.9). This experiment 
work, along with additional work carried out in Morocco 
on the same material, has been the object of a specifi c 
paper (Annicchiarico and Thami Alami, 2011).

RESULTS AND DISCUSSION
Selection of breeding lines for wide and specifi c 
climatic adaptation

The lines promoted to the third year’s fi nal testing 
were seven, because two of them were selected for both 
wide adaptation and specifi c adaptation to one climatic 
region. Rainfall and temperature data (Table 1) confi rmed 
the exposure of the autumn-sown crop to winter cold 
stress in the subcontinental-climate site (Lodi) and to 
terminal drought in the Mediterranean site (Sanluri) and, 

to some extent, in Lodi. The average value across crop-
ping years of some major climatic variables was close to 
its long-term value, but year-to-year variation within site 
was fairly large. In Lodi, for example, the fi rst year was 
climatically unfavourable because of its unusually cold 
winter and dry spring, whereas the second year was char-
acterized by an exceptionally mild winter which, along 
with ordinary spring rainfall amount, justifi ed its much 
higher mean grain yield relative to the fi rst year (Table 1).
The mean yield of the six environments was mainly re-
lated to spring rainfall (lower in the Mediterranean site) 
(r = 0.61, P < 0.20).

GE interaction was large (P < 0.001) but had a relative-
ly simple pattern, since the fi rst GE interaction principal 
component axis (PC 1) accounted for 78% of its variation 
and no other PC axis reached P < 0.05 signifi cance. The 
AMMI-modeled grain yield responses of the seven lines 
and the two control varieties are graphically displayed in 
Figure 1 as a function of the fi rst GE interaction PC score 
of the environments using nominal yields (Gauch, 1992), 
which sum up genotype main effects and modeled GE 
interaction effects along PC 1 while excluding environ-
ment main effects (irrelevant for genotype ranking). The 
environment PC 1 score was a negative indicator of the 
level of environmental cold stress, given its high nega-
tive correlations (P < 0.01) with the absolute minimum 
temperature (r = –0.96) and the number of frost days 
(r = –0.95) of the environment. Indeed, the two locations 
displayed a distinct separation of their environments along 
PC 1 with the exception of the unusually mild-winter 
second cropping year in Lodi, which was similar to the 
Mediterranean environments for adaptive response of the 
genotypes (Figure 1). 

In general, early, spring-type material and late, winter-
type germplasm were specifi cally adapted to the Mediter-
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ranean and the subcontinental-climate site, respectively 
(Figure 1). Accordingly, the genotype GE interaction PC 
1 score (associated with the genotype slope in Figure 1) 
was correlated (P < 0.01) negatively with mean onset of 
fl owering across locations (r = –0.93) and positively with 
mean winter mortality in the fi rst and third year in Lodi 
(r = 0.93) of the genotypes. Genotype variation was large 
for both traits (P < 0.001), ranging from 69 to 98 days from 
January 1 for onset of fl owering, and from 21% to 68% for 
winter mortality in Lodi. The genotype range for onset 
of fl owering was much wider in Sanluri (46 days) than 
in Lodi (16 days), leading to GE interaction (P < 0.001) 
mainly of quantitative type for this variable.

The large extent of GE interaction of crossover type 
for grain yield between autumn-sown Mediterranean and 
subcontinental-climate environments, and the crucial 
role played by phenology for specifi c adaptation to either 
climatic region in relation to its prevalent abiotic stress, 
confi rm previous fi ndings relative to white lupin varieties 
(Annicchiarico and Carroni, 2009) or landraces (Annic-
chiarico et al., 2010). The quantitative GE interaction 
leading to amplifi cation of genotype variation for onset 
of fl owering in Sanluri, which emphasized the exposure 
to terminal drought of late-fl owering genotypes, was 
observed earlier and attributed to the diffi culty of this 
mild-winter environment to satisfy the high vernaliza-
tion requirement of late germplasm (Annicchiarico et 
al., 2010). 

On the whole, our fi ndings highlight the diffi culty 
to select a widely-adapted variety that could represent 

a sizeable progress relative to the Italian reference variety 
Multitalia. Breeding for wide adaptation would require 
material with intermediate phenology and moderately 
high cold tolerance, which was very rare in the set of 
segregating lines obtained from France.

Climatic adaptation of landrace germplasm 
pools

The results for this work have been reported in detail 
elsewhere (Annicchiarico et al., 2010). Landrace germ-
plasm pools and individual landraces exhibited large GE 
interaction for grain yield across the climatically-con-
trasting Italian sites (Lodi and Sanluri). Although most 
well-performing landraces displayed a specifi c-adaptation 
response, some accessions tended to be widely adapted 
across these sites. Most of them belonged to the Madeira 
and Canaries germplasm pool, which was characterized 
by medium-late phenology, moderately high cold toler-
ance and tolerance to lodging, in comparison with the 
other landrace pools. Best-yielding landraces from this 
or a few other well-performing regional pools showed a 
remarkable grain yield advantage over Multitalia and the 
best-yielding French varieties, highlighting the interest of 
exploiting these genetic resources in crosses with alkaloid-
free elite cultivars or breeding lines to obtain a distinct 
genetic progress for south-European regions.

The patterns of morphophysiological diversity of the 
germplasm pools revealed by this work (Annicchiarico 
et al., 2010), and the subsequent classifi cation of the re-
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gional landrace pools into fi ve ecological groups on the 
basis of their distinctness for adaptive response (Annic-
chiarico et al., 2011), can drive the incorporation of exotic 
genetic resources in European breeding programmes 
as a function of the targeted climatic conditions and of 
specifi c morphophysiological traits that are considered 
of prominent interest.

Adaptation to moderately calcareous soils of 
landrace germplasm

The results of this work have been reported in detail by 
Annicchiarico and Thami Alami (2011). On average, crop 
grain yield and aerial biomass in the artifi cial environ-
ments were markedly reduced in the moderate-lime soil 
relative to the low-lime soil. Genotype × soil type interac-
tion of crossover type for grain yield was found between 
top-ranking Italian landraces, indicating the presence of 
genetic variation for tolerance to moderately calcareous 
soils also in this germplasm pool. One Italian landrace 
confi rmed its lime-tolerant response across agricultural 
environments, as it outyielded the lime-susceptible variety 
Multitalia in the Mediterranean site with moderate-lime 
soil (Foggia) while being outyielded by Multitalia in the 
Mediterranean site with low-lime soil (Sanluri). On the 
whole, the results indicated that genetic resources of po-
tential interest for enhancing the adaptation of white lupin 
to moderately calcareous soils could be located also within 
Italian landrace germplasm, whose climatic adaptation 
makes it more suitable than Egyptian landrace germplasm 
in breeding autumn-sown varieties for southern Europe 
(Annicchiarico et al., 2011). The results also suggested 
that lime-tolerant plants could overcome only in part the 
misadaptation of white lupin to moderately calcareous 
soils, whereas further research is required to thoroughly 
assess the usefulness of lime-tolerant Bradyrhizobium 
strains (Annicchiarico and Thami Alami, 2011). 

CONCLUSIONS
The expansion of white lupin cultivation in southern 

Europe depends to a large extent on the ability to raise 
its grain yield in different climatic regions and soil types. 
Breeding for specifi c adaptation to subcontinental-cli-
mate and Mediterranean-climate regions can produce 
greater yield gains than breeding for wide adaptation, by 
exploiting positive GE interaction effects associated with 
different phenological types. However, widely-adapted 
varieties may be required in south-European countries for 
the time being, because of the modest crop seed market. 
A thorough exploitation of landrace genetic resources can 
be indispensable, to improve signifi cantly the climatic and 
soil adaptability of white lupin in southern Europe.
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ABSTRACT
Yield instability is a serious problem in narrow-

leafed lupin cropping, while genetic background of 
seed yield and yield components is still poorly un-
derstood. The current state of knowledge on genetic 
control underlying alkaloid content in narrow-leafed 
lupin seeds is also unsatisfactory and insuffi cient to 
fully understand the observed variability. Seeds of 
wild lupins have high alkaloid contents. Due to the 
bitter taste and proved toxicity of these compounds, 
the utilization of high-alkaloid forms in consumption 
is very restricted.

The aim of this research was to identify the re-
gions of Lupinus angustifolius genome governing the 
expression of seed yield components as well as alkaloid 
content in seeds. A total of 35 quantitative trait loci 
associated with traits being analyzed were located on 
the genetic map of the species. Twenty three loci were 
found to infl uence the four seed yield components, 
namely number of pods per plant, number of seeds per 
plant, yield and 1000-seed weight. We also identifi ed 
12 QTLs underlying the total alkaloid content as well 
as the percentage content of the major alkaloids in 
seeds (angustifoline and 13-hydroxylupanine). Some of 
the QTLs responsible for seed yield components were 
consistent across years. Moreover, a genomic region, 
identifi ed as controlling both the total alkaloid content 
and contents of angustifoline and 13-hydroxylupanine, 
was found to cover also the Iucundus gene known to be 
responsible for the total alkaloid content in seeds. We 
also observed that quantitative trait loci for a number 
of traits coincide. 

The results of this study might serve as a basis 
for future work, aiming at an improvement of L. an-
gustifolius thanks to the broad understanding of the 
structure and organization of its genome.

KEY WORDS
Lupinus angustifolius, yield, alkaloids, QTL mapping

INTRODUCTION
Yield instability is a serious problem in many legumes 

crops, including lupins. Seed yield and yield-related traits 
are determined by multiple genes and also infl uenced by 
the environment (Tar’an et al., 2004) . Therefore breed-
ing efforts to improve grain yield are often diffi cult. A 
main limiting factor of using lupins as a protein source is 
alkaloid in the seeds. Alkaloids are secondary metabolites, 
accumulated mainly in seeds. Due to the bitter taste and 
proved toxicity of these compounds, the utilization of 
high-alkaloid forms in consumption is very restricted. It 
has been demonstrated that the alkaloid content is control-
led both genetically and infl uenced by the environment 
(Święcicki and Święcicki, 1995) .

The advent of linkage maps has facilitated the detec-
tion of genomic regions controlling quantitative charac-
ters, allowing us to estimate the number of loci controlling 
a quantitative trait and to characterize these loci. Nev-
ertheless, genetic background underling quantitatively 
inherited agronomic traits are still not well understood 
in lupins. The fi rst QTL analysis in Lupinus angustifolius 
genome was undertaken by Boersma et al. (2008). This 
research took into consideration early vigour, plant height, 
fl owering date and seed size. 

The objective of present study was to identify QTLs 
affecting yield-related traits, namely: pod number, seed 
number, yield and 1000-seed weight and also to identify 
QTLs infl uencing both the total alkaloid content in seeds 
and percentage content of the major alkaloids of the spe-
cies (13-hydroxylupanine, angustifoline and lupanine). 

MATERIAL AND METHODS
A total of 89 RILs in the F8 were used in this study. 

The population was developed by a single-seed descent 
method from a cross between a breeding line (83A:476) 
and a wild type (P27255) (provided within the offi cial 
cooperation with Dr. H. Yang, DAFWA, Australia). Ge-
netic map used in this study was based on the reference 
linkage map of the species (Nelson et al., 2010), which 
was additionally enriched with 67 new STS markers. 
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Location of the new markers was estimated with aid of 
MapManager software (Manly et al., 2001). At present the 
map is composed of 1118 markers and the average marker 
interval is 3.12 cM.

To assess yield-related traits, parental lines and 87 
RILs were planted in Plant Breeding Station at Wiatrowo 
(50 km from Poznań) in two growing seasons: 2008 and 
2009 (dates of sowing: 2.04.2008 and 7.04.2009). A ran-
domized design with 2 replicates in 2008 and 4 replicates 
in 2009 was used. Each plot consisted of 5 plants. Four 
seed yield components (number of pods per plant, num-
ber of seeds per plant, yield and 1000-seed weight) were 
analysed. Collected data were subject to the statistical 
analysis. Trait means and analysis of variance were deter-
mined with Genstat software (Payne et al., 2009) .

Determination of both the total alkaloid content and 
percentage content of the main alkaloids of the species 
was carried out for 84 RILs by gas chromatography. The 
analyses were conducted for seeds harvested in 2008. The 
data were received as mean values from the two replicates 
for each RIL. 

QTL analysis was carried out by composite interval 
mapping (CIM) with aid of QTL Cartographer 2.0 soft-
ware (Wang, 2011). A signifi cant QTL was defi ned as 
having LOD score ≥ 2.5. QTL mapping was conducted 
for each year separately. The genome was scanned at a 
walking speed of 1 cM. The QTLs mapped were charac-
terized by three statistic parameters: 
• LOD – logarithm of odds,
• Ve – percentage of total trait variance explained by the 

QTL,
• a – additive effect. 

RESULTS AND DISCUSSION
All the examined traits show continuous variation 

with approximately normal frequency distributions, 

implying polygenic control. QTLCartographer detected 
35 regions signifi cantly associated with traits determined 
in this study. These QTLs were located in 13 out of 20 
linkage groups. 

A total of 23 loci determining yield-related traits were 
identifi ed. In further results description and discussion 
we only consider QTLs consistent across years which are 
summarized in Table 1. 

In the successive growing seasons we identifi ed two 
loci governing pod number (pn-2008-1 and pn-2009) 
located in the same region of the linkage group 7. These 
two QTLs account for 21.2% and 41.7% of the observed 
phenotypic variation. Each year the maternal, breed-
ing line allele had a negative effect on the pod number, 
which is unfavourable in terms of practical exploitation 
in breeding.

Our results also show two consistent QTLs infl uencing 
seed number, which were detected in the same genomic 
region in the linkage group 7. Loci sn-2008-1 and sn-2009-
2 at a signifi cant level determined the observed phenotypic 
variation, but the additive effect of the breeding line allele 
was negative at both loci. 

In the narrow-leafed lupin genome we identifi ed fi ve 
loci associated with seed yield. Two of these QTLs were 
mapped in the overlapping region of linkage group 7 in 
the successive years. In both cases the breeding line allele 
decreased seed yield.

No QTL analysis was carried out for these traits in nar-
row-leafed lupin before. However, detection of a QTL in a 
specifi c genomic region across environments, assumed as 
site or years, is a fi rst step of stability confi rmation (Bar-
rett et al., 2005). Therefore we may presume that consist-
ent QTLs represent one gene, the expression of which is 
relatively independent from the environment. 

Six loci controlling 1000-seed weight were localized in 
the narrow-leafed lupin genome. Two QTLs (tsw- 2008- 3,
tsw-2009-1) were identifi ed in the overlapping region 
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of linkage group 10 in the successive growing seasons. 
Maternal, breeding line allele determined at both loci an 
increase of 1000-seed weight. In the two-year experiment 
conducted in the same mapping population and previ-
ous map version, Boersma et al. (2008) identifi ed two 
QTLs affecting 100-seed weight. One of them covered 
early fl owering gene (Ku). QTLs consisted across years 
from our investigation are also detected in the Ku gene 
neighbourhood of the present map version. Moreover 
the results of Boersma et al. (2008) also show a positive 
additive effect of the maternal line allele on seed weight. 
Considering that similar results were obtained in two 
distinct environments (Poland, Australia) we can state a 
conclusion, that the region of Ku gene plays an essential 
role in the seed weight development in these contrasting 
cropping areas. Boersma et al. (2008) point out that early 
fl owering is a crucial trait that enables extension of both 
vegetation and seed formation period. In the Australian 
Southern wheatbelt climate this trait prevents fl owers 
abortion caused by heat as well as prevents drought stress 
in the pods fi lling period. Therefore it seems to be es-
sential in both seed yield and seed weight improvement. 
This might justify QTLs with a positive effect on seed 
weight found in the Ku gene neighborhood (Boersma et 
al., 2008). 

12 QTLs were identifi ed for the total alkaloid content 
and percentage content of major alkaloids (angustifoline 
and 13-hydroxylupanine).No QTLs were identifi ed for 
lupanine with the LOD score defi ned at ≥2.5. One of the 
loci associated with the total alkaloid content (alk-2) was 
mapped in the linkage group 7. This locus explains 58% 
of the phenotypic variation. It also covers one of the genes 
known to be responsible for the alkaloid content in seeds 
– Iucundus. Recessive allele iuc determines low alkaloid 
content. In the QTL alk-2, an allele from the breeding line 
decreases the total alkaloid content in seeds. We found 
that locus ang-1, one of the loci infl uencing angustifoline 
content, mapped in linkage group 7, accounts for 52% 
phenotypic variation of that trait. The breeding line al-
lele decreases angustifoline content. Moreover the map 
region of this locus also covers locus identifi ed for the 
total alkaloid content (alk-2) and Iucundus gene. One of 
the loci controlling 13-hydroxylupanine content (OHlup 4) 
identifi ed in the linkage group 7 is also consistent with 

the locus mapped for the total alkaloid content. It explains 
15.6% of the observed variation. The breeding line allele 
reduces this alkaloid content in seeds. Signifi cant contri-
bution in the total phenotypic variability of the alkaloid 
QTLs identifi ed in the linkage group 7 might confi rm, that 
Iucundus is a major gene, regulating alkaloid content in 
narrow-leaf lupin seeds.

Remaining loci, controlling both alkaloid content and 
yield-related traits were identifi ed in different, non-over-
lapping genome regions, which implies additional genes 
infl uencing these traits’ expression. Results gained for the 
alkaloid QTL analysis, based on one-year experimental 
data, need to be confi rmed.

We also observed that quantitative trait loci for a 
number of traits coincide, especially in the linkage group 
7. In the same map region of linkage group 7 we identi-
fi ed 7 loci responsible for yield-related traits and 3 loci 
governing alkaloid content in seeds. Interestingly, in all 
the QTLs from that map region an allele from the breed-
ing line was responsible for reducing traits values, that is 
simultaneously decreasing alkaloid content and yield. All 
the three loci for alkaloid content from this map region 
covered the Iucundus gene. The coincidence of QTL 
location might indicate either a pleiotropic effect of one 
gene or a group of linked genes affecting different traits. 
Other studies indicate that agronomic trait loci in plants 
are neither randomly nor evenly distributed in the genome, 
but occur in groups in specifi c chromosomal regions 
(Ross-Ibarra, 2005). However, practical exploitation of 
loci cluster in linkage group 7, is less useful because of 
unfavourable impact of the breeding line allele on yield 
and simultaneous favourable effect on alkaloid content 
reduction. This analysis does not resolve if this region 
covers one pleiotropic locus or linked loci infl uencing 
different traits. This issue might be solved with aid of 
a larger mapping population (Cogan et al., 2006). Link-
age separation and further research in different genetic 
background might enable independent selection through 
marker assisted selection. This could be aimed at yield 
improvement with low alkaloid content retention. At 
the same time early studies show that recessive allele of 
Iucundus gene might infl uence lower yield (Oram, 1983). 
It is known that lupin alkaloids have a protective role 
for plants (Wink, 2005). Among other things it relies on 
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herbivores discouragement as well as increased resistance 
to fungal and bacterial infections, which could indirectly 
infl uence yield. However, physiological role of alkaloids 
which might directly improve yield is obscure. Moreover 
modern narrow-leafed lupin cultivars are characterised 
by both high yield and low alkaloids, what proves that 
independent selection for these traits is possible. Further 
research is required to understand this problem.

The association of EST markers and QTLs may 
provide a valuable information about genes infl uencing 
agronomic traits (Zhang et al., 2004). Unfortunately the 
STS markers added to the map by our experiment were 
not (except one) located within the regions detected as 
determining quantitative traits of interest. 

CONCLUSIONS
The results of present studies enabled an identifi ca-

tion of narrow-leafed lupin genomic regions associated 
with agronomic traits. QTL discovery improves our un-
derstanding of the genetic background of these traits. In 
the future it may contribute to the development of MAS 
strategies in breeding programs. 
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ABSTRACT
The importance of development characteristics 

and functioning of the root system and above-ground 
organs has been determined in plants of various nar-
row-leafed lupin morphotypes. It has been shown that 
productivity potential of new lupin cultivars under 
weather stress conditions was realised as a result of 
intensifi ed adaptive reactions at the energy level. A 
higher productivity of seeds was found in combination 
with maximum nitrogen fi xation and photosynthetic 
activity.

KEY WORDS
narrow-leafed lupin, morphotypes, root system, above-
ground organs, adaptive reactions

INTRODUCTION
At the end of the 20th century in Russia high-yield-

ing varieties of narrow-leafed lupin were created with a 
complex of recessive genes, including genes determining 
stalk architecture (branching type, determinacy of stalk). 
Although it is obvious that the fi nal yield is the sum of 
effects of many factors on qualitative and quantitative 
characteristics of physiological processes and morpho-
logical structures, nevertheless one of the conventional 
properties of a high-yield genotype is its ability to actively 
accumulate dry matter into economically valuable yield 
fractions and a signifi cant attracting ability of storage 
organs. Grain yield depends on mutual relationships of 
the size of the assimilatory surface (source), vigour of 
accumulation (sink) and the intensity of transportation 
of assimilates between the source and the sink. In this 
consecutive chain of interdependent processes in narrow-
leafed lupin a poorly investigated part is the assemblage 
of rootlets because the selection of highly productive 

genotypes in the course of selection, as a rule, was based 
on the characteristics of above-ground part of plants and 
did not take into account the root system. 

Thereupon the purpose of the present article consisted 
of revealing of features of development characteristics 
of the root system and above-ground organs of plants of 
various morphotypes, comparative evaluation of indexes 
of photosynthetic activity and symbiotic nitrogen fi xa-
tion and contribution of these systems into realization of 
productive potential of varieties of narrow-leafed lupin 
in contrast weather conditions.

MATERIAL AND METHODS
Research work was performed under fi eld conditions 

and laboratory experiments in 2007-2009. The follow-
ing varieties were investigated: Timir 1, Belozernij 110, 
Bryanskij 123 (pseudo-wild type of branching), Metel, 
ROD-78, ROD-917 (broom type), Kristall, Snezhet Radu-
zhnij (quazi-wild type), Nadeszhda, Pershatsvet, Ladnij 
(spike type). The varieties were planted on plots of 10 m2 
with 4 replications in accordance with the standard zonal 
technology. Photosynthetic activity was estimated by the 
procedure described by Sinyakova and Ivanova (1981) 
and Kolomejchenko (1987). The quantity and weight of 
nodules were determined and nitrogen fi xing activity was 
estimated by th acetylene method (Posypanov 1991). Dry 
matter of aboveground organs and roots was determined 
after drying at 105°С. Adsorbing surface of roots was 
determined by colorimetric methods – with the use of a 
colouring agent methylene dark blue.

Weather conditions of lupin vegetation in the course 
of the study varied signifi cantly (May-August) fl uctuating 
from droughty (hydrothermal quotient=0.74) to exces-
sively wet (hydrothermal quotient =2.5). The year 2007 
was droughty, the years 2008 and 2009 were suffi ciently 
wet and warm, while 2006 was excessively wet.
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Statistical analysis of the data was conducted with 
the application of correlation, dispersive and multivariate 
analyses with the use of the STATISTICA for Windows 
6.0 software package.

RESULTS AND DISCUSSION
At the 6-leaves stage and blooming phase on the 

central infl orescence differences were observed between 
cultivars in terms of formation of the above-ground organs 
and roots. Varieties of pseudo-wild and broom morphot-
ypes accumulated more above-ground mass and mass of 
roots in comparison to varieties of spike type (Tables 1, 
2). Judging by correlation coeffi cient between dry mass 
of roots and above-ground organs (r0.5 = +0.851), there is 
a close interdependence in their development. The correla-
tion coeffi cient between leaf area and the area of active 
adsorbing surface of roots was r0.5= +0.890.

High values of total and active adsorbing root sur-
face were recorded in varieties of pseudo-wild, broom 
morphotypes and cv. Kristall (a quasi-wild morphotype). 
Spike type varieties considerably concede on all extent of 
vegetation by these indexes. Analyses and comparisons of 
the assimilating surface in the studied varieties and their 
root systems show that a reduction of foliage in varieties 
of the quasi-wild and spike types results in changes of 
key root parameters.

It needs to be noticed here that changes in root systems 
of the new varieties also infl uenced symbiotic nitrogen 
fi xing. Nitrogen fi xing activity of spike varieties reaches 
its maximum by the beginning of blooming, decreasing in 
the subsequent phases. Symbiotic activity of varieties with 
the standard type of branching increases exponentially, 
beginning at 12-14 days from plantlets, also proceeds up 
to pod formation on lateral branches (Table 2).

The greatest amount of nodules was formed in 2008, 
while it was the lowest in 2007. The spike type varieties 
on average formed 20 nodules/plant and were inferior to 
pseudo-wild, broom and quasi-wild morphotypes, having 
45, 40 and 28 nodules, respectively.

Varieties of the quasi-wild morphotype for three 
years displayed the highest seed yield, with cv. Kristall 
reaching 3.94 t/ha (Table 3). This cultivar exhibits stable 
development of the root system and above-ground organs, 
turns out to be slightly inferior to pseudo-wild and broom 
morphotypes in terms of leaf area, but it is superior in 
terms of active adsorbing root surface, which is an im-
portant factor.

At the same time, on the example of cv. Kristall (quasi-
wild morphotype) an interrelation was found between 
the vegetative organs and the root systems, allowing this 
cultivar to adapt to various stress factors. In the extremely 
droughty year of 2010 cv. Kristall, the only out of the 
45 examined narrow-leafed lupin cultivars, produced 
1.84 t/ha of seeds. Yields of all the other cultivars did not 
exceed 0.9 t/ha.
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A question arises whether it is possible to substan-
tially apply numerous test signs  in practical selection in 
order to select valuable genotypes in terms of their root 
system at the early stages. It is probable, apparently, only 
at the last stage when the breeder deals with a small set 
of valuable forms.

Despite signifi cant genotypic differences in narrow-
leafed lupin cultivars in terms of the formation of aboveg-
round organs and root systems in their adaptable reactions 
to cultivation weather conditions, a general tendency was 
found in the research conducted in the period of 2006-
2008 on 6 narrow-leafed lupin cultivars (Kristall, Snezhet, 
Siderat 38, Nadeszhda, Bryanskij 123, Belozernij 110) 
The cultivars were analyzed in terms of 18 economically 
valuable traits with use of factor analysis (Table 4).

Under the conditions of the excessively wet year of 
2006 an intensive increase was observed in the vegetative 
mass of lupin plants. The contribution of photosynthetic 
activity to the general variability was found to be 41.0%, of 
which 16.8% accounted for net productivity of photosyn-
thesis. The contribution of symbiotic nitrogen fi xing was 
much lower and was directed towards the development of 
vegetative organs. It needs to be stressed here that average 
seed productivity was the lowest at 4.0-4.4 g/plant. In the 
droughty year of 2007 the contribution of photosynthetic 
activity was 18.0% and that of symbiotic nitrogen fi xing 
was 24% of general variability. Seed productivity per 
plant was 4.4-7.3 g/plant. In 2008, favorable for lupin, the 
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contribution of photosynthetic activity was 26%, while 
that of nitrogen-fi xing was 33%; vectors of most numbers 
of characters defi ning photosynthetic and nitrogen-fi xing 
activity had the general orientation in the frame of axes 
of primary factors. Hence, high contributions (in com-
parison to excessively wet and droughty years) of both 
photosynthesis and nitrogen fi xing provided the highest 
seed productivity at 8.7-11.7 g/plant.

Thus, by means of factor analysis it was shown that 
annual productive potential of the lupin cultivars under 
contrasting weather conditions is realised as a result of 
intensifi cation of adaptable reactions on the energy level of 
legume and nodule bacteria. The highest seed productivity 
is found at a combination of the maximum nitrogen-fi x-
ing and photosynthetic activities in both vegetative and 
generative periods of plant growth and development.
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ABSTRACT
Mutagenesis has been used as an effi cient tool for 

inducing nucleotide variation, changing the number of 
chromosomes or the number or arrangement of genes 
in a chromosome in the plant genome. The process 
can be performed with the use of either chemical or 
physical mutagens which differ in their effect on DNA 
sequence. Crucial requirements for successful muta-
tion induction are the proper selection of the genotype 
to be mutated, selection of effi cient mutagenic agent 
and doses. Proper dose and mutagen selection is also 
essential for the reverse genetics method, Targeting 
Induced Local Lesions IN Genomes (TILLING). In the 
presented study, fi ve genotypes of the narrow-leafed 
lupin have been chosen for treatment with mutagens. 
In order to compare the effi cacy of different mutagenic 
strategies, gamma and X-ray were chosen as physical 
mutagens, while NaN3 for a chemical mutagen. The 
impact and the tolerance level of the biological ma-
terial to a mutagen treatment were manifested in the 
M1 generation. Six parameters were recorded to assay 
sensitivity of the treated material under different mu-
tagenic conditions: germination rate, seedling height, 
hypocotyl and root length, appearance of the fi rst leaf 
and the appearance of the lateral root. Results suggest 
that seedling height measured 12 days after treatment 
is a good indicator of mutagenesis effi ciency.

KEY WORDS
Lupinus angustifolius, mutagenesis, radiosensitivity 
test

INTRODUCTION
Induced mutations have been used for over 80 years 

and have become increasingly popular in recent times 

as an effi cient tool for crop improvement trough supple-
menting the existing germplasm by creating novel genetic 
variability. The widespread use of induced mutants in 
plant breeding programmes throughout the world has 
led to date to the offi cial release of over 3 000 mutant 
varieties representing more than 214 different plant 
species (www.mvgs.iaea.org). These varieties have been 
developed using various physical and chemical mutagens 
with gamma rays alone accounting for the development 
of 60% of the varieties. 

Grain legumes are important crops in many countries, 
and several examples exist of the successful application of 
induced mutation for crop improvement.  Species include: 
Glycine max, Arachis hypogaea, Phaseolus vulgaris, Pi-
sum sativum and Vigna radiate (Maluszynski et al., 2009). 
Amongst other things, mutation techniques have been 
used for improvement of yield component traits such as: 
early fl owering, plant architecture or pod and seed size.

The young history of the narrow-leafed lupin (Lupinus 
angustifolius) as a grain legume crop is particularly in-
fl uenced by the discovery and utilisation of spontaneous 
mutations. These mutations concern typical wild type 
characters, e.g. high alkaloid content of seed and leaf, 
impermeable seed coat and pod or seed shattering. Do-
mestication of L. angustifolius for modern agriculture 
involved discovery and utilization of spontaneous mutants 
of several key domestication genes (Cowling et al., 1998). 
For example, cv. Uniwhite contains natural mutants of 
non-shattering, low-alkaloid and soft-seed genes. The 
early fl owering mutant Ku gene in cv. Unicrop released 
in 1973, brought fl owering forward by two to fi ve weeks. 
Facing the new challenges of developing improved lupine 
varieties, the top agronomic issues are weed and disease 
management control. For instant, the anthracnose resistant 
mutant – cv. Tanjil has been widely used as a parent in 
the lupine breeding programme in Australia as a source 
of anthracnose resistance. As a result of induced chemi-
cal mutation, a metribuzin-tolerant (weed control) line 
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Tanjil-AZ33, was developed by group of Dr Si, has been 
used as a source of anthracnose resistance and tolerance 
to herbicide (Buirchell and Sweetingham, 2009). Induced 
mutations can therefore be an effective implement in lupin 
improvement and serve as a tool for varietal development 
where suitable natural variation is not available.  

One of the most crucial requirements for successful 
mutation induction is the proper selection of the geno-
type for treatment with mutagen, as well as selection of 
effi cient mutagenic agent and doses. Effects of mutage-
nic treatment can vary dramatically depending on the 
genetic background of the treated material, with strong 
differences observed not only between species, but also 
between cultivars or breeding lines of the same species. 
For this reason, it is of high importance to perform a pilot 
experiment to help compare the morphological and genetic 
effects induced by a range of doses in different genotypes 
that are to be used in breeding programmes.

Proper genotype, mutagen and dose selection is also 
essential for the reverse genetics strategy, Targeting 
Induced Local Lesions IN Genomes (TILLING). We are 
interested in exploiting TILLING platforms to generate 
more favourable grain quality and improve other traits in 
lupins. Some of these traits would be targeted at enhan-
cing the value of lupins to the food processing and feed 
industry which will lead to increased returns to growers, 
processors and marketers of lupin grain. Presented work 
is a fi rst step to begin the development of a population 
of narrow-leafed lupin mutants suitable for TILLING 
experiments. 

The present study was undertaken to assess the 
mutagenic effects of physical and chemical treatments 
of seed, and to estimate the optimal radiation dose of 
a given mutagen in order to induce genetic variability in 
L. angustifolius sp. Those aims were conducted by careful 
consideration of a number of measured parameters on 
different genotypes as well as in changed environmental 
conditions.

MATERIAL AND METHODS
Five inbred lines of Lupinus angustifolius: LAE-1, 

LG-15, LG-46, LG-92 and AU-11257 were used. Lupin 
seeds were supplied by The Department of Genetics, 
Plant Breeding and Seed Production, Wroclaw Univer-
sity of Environmental and Life Sciences, Poland. These 
genotypes were selected because of their promising yield 
component characters such as high number of seeds and 
pods for indeterminate (LG-46, LG-92, AU-11257) and 
determinant (LAE-1, LG-15) type of growth. Moreover 
genotype AU-11257 was representing the mutant line 
which was found to have a 23% reduction in thickness of 
hull, an important trait character for dehulling and food 
processing (Clements et al., 2001).

The radiosensitivity experiments were conducted in 
Plant Breeding and Genetics Laboratory, International 
Atomic Energy Agency (IAEA), Seibersdorf. Depending 
on tested genotype, different mutagens, doses and expe-
rimental condition were applied. 

For physical mutagens, seeds were irradiated by gam-
ma and X-rays. Prior to mutagenic treatment, seeds were 
stored in a desiccator over a 60% glycerol/water mixture 
for seven days at room temperature for seed moisture 
equilibration. The pre-treated seeds of genotypes LG-15, 
LG-46 and LG-92 were irradiated with four doses: 250, 
500, 750 and 1000 Gy. One hundred sixty seeds (M1 seeds) 
of each genotype per mutagen were placed directly after 
the treatments on Petri dishes with moistened blotting 
papers. The experiment was laid out in a completely 
randomised design (CRD) with four replications and was 
conducted in the glasshouse. Germination rate was con-
sidered to have occurred when the hypocotyl was above 
1 cm length. Hypocotyl length, root length, appearance 
of fi rst leaf and the lateral roots as well as the seedling 
height were used to estimate the effi ciency of mutagenic 
treatment. To analyse sensitivities and plant response, 
those parameters were recorded from the primary injury 
level 5 days after mutagenic treatments, and were conti-
nued in 8th and 12th day. 

Two other narrow-leafed lupin genotypes: LAE-1 
and AU-11257 were irradiated with fi ve doses: 250, 500, 
750, 1000 and 1500 Gy and growth and evaluations were 
conducted in the fi eld. Three hundred and sixty seeds 
per genotype (prepared as above) were spread between 
6 doses and sown as a randomized complete block design 
(RCBD) with three replications. Planting was done on a 
1.2 m2 plots at a spacing of 20 cm between rows and 10 cm 
within rows. When the plant height occurred 1cm above 
the ground germination (emergence) was considered. 
The other parameters used to assess the dose response 
were the seedling height, hypocotyl length and number 
of leaves. The measurements were taken at 12 day after 
germination. 

For chemical mutagen the genotype of LG-92 was 
used. Sixty seeds per dose were pre-soaked in distilled 
water for 9 hours and treated with sodium azide (NaN3) 
at 6 different concentrations (0.0; 0.5; 1.0; 1.5; 2.0; 
3.0 mM) for 3 hours. The solution were prepared in 0,1 
M potassium phosphate buffer, pH=3. Treated seeds, 
after washing, were sown in moistened blotting papers 
under controlled environmental condition (22ºC, 12/8 
photoperiod). Parameters like: plant, hypocotyl and root 
length were examined after 12 days. 

Data was collected from all the plants per plot. To esti-
mate the damage due to mutagenic treatment mean value 
of the measurement growth parameters of each treatment 
was expressed as a percentage of the corresponding 
control value. Based on these values, effects like growth 
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reduction (GR) and regression equation were obtained. 
Growth reduction (GR30-50) was calculated using the 
straight line equation (Fig. 1) and listed in Table 2. Po-
ssibility to determine GR50 was used to evaluate a good 
parameter for the growth reduction in the different time 
point of measurement (5, 8, 12 days). Collected data were 
also subjected to Analysis of Variance technique using 
Statistica Package version 9.0. Means were separated by 
Fishers’ LSD at the 5% probability level. 

RESULTS AND DISCUSSION 
The choice of irradiation type and doses is critical 

for the success of mutation breeding programmes (Mba 
et al. 2010). To know the sensitivity of genotypes to the 
critical dose of mutagens causing 50% injury or mortality, 
the GR50 or LD50 have been estimated. Several studies 
have been carried out in the genus Lupinus to determine 
GR50 and LD50 doses (Brunner, 1985; Gustafsson and 
Gadd, 1965; Sawicka, 1993). Reported doses range from 
250 Gy for L. mutabilis to 500 Gy for L. angustifolius and 

parameters like germination and seedling height were 
commonly used. 

In our study, the LD50 could not be determined 
because no signifi cant difference in the germination of 
seed from different treatments was observed, either in 
fi eld or controlled environmental conditions (Tab. 2, and 
data not shown). 

Different kinds of morphological responses in plant 
growth were noted and recorded through the plant growth 
period. In the fi rst experiment parameters of germination 
rate, seedling height, hypocotyl and root length, appearan-
ce of the fi rst leaf and the appearance of the lateral root 
were recorded from the primary injury level in 5 days after 
mutagenic treatments, and were continued in day 8 and 
12 (data not shown). Generally the dose increase caused 
the reduction of growth in all measured parameters over 
the time. In day 5, analysed genotypes LG-15, LG-46 
and LG-92, showed a high reduction for the appearance 
of fi rst leaf, with increasing doses. Similar observation 
was evident for the lateral roots in day 8. The response 
of seedling height to varying dosages was most linear 
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of all the parameters selected, and measurements at day 
12 were chosen as the measure for GR50 (Fig. 2 and 3).  
Seedling height is widely used as an index in determining 
the biological effects of various physical and chemical 
mutagens in M1 generation (Konzak et al., 1972). 

For chemical mutagen at day 12 the highest reduction 
was observed in case of root length. Concentration of 4.2 
mM NaN3 was suffi cient to estimate GR50 for seedling 
height, and also resulted in a 75% root length reduction 
(Fig. 1). 

Our study indicates that the irradiation damage due 
to mutagenic treatment was not similar among the geno-
types. The genotype LG-15 (GR50 ~ 500 Gy) was more 
susceptible to gamma rays than LG-46 and LG-92 (GR50 
~ 1000 Gy) (Fig. 2). For X-ray treatment, the genotype 
LG- 46 was observed to be most susceptible (Fig. 3). 

The results showed that mutagenic damage was more 
readily observable under fi eld growth conditions (Tab. 2). 
Almost all analysed parameters, after applying different 
mutagens and doses, showed signifi cantly reduction in 
growth than the non-irradiated control (at 5% level of 
probability). The exception was hypocotyl length obtained 

for LAE-1 and number of leaves for AU-11257. Seedling 
height decreased with increase in radiation dose in an ap-
proximately linear fashion for two analysed genotypes. Do-
ses between 750 and 900 Gy were suffi cient to cause 50% 
reduction for both physical mutagens (Tab. 1 and 2). 

CONCLUSION
This work demonstrates parameters that are suitable 

for the evaluation of lupines responses to various mu-
tagenic treatments. Germination rate and emergence in 
the fi eld condition was not signifi cantly affected by the 
irradiation treatment.

The percentage in reduction of seedlings height was 
determined to be the best parameter for estimating the 
damage due to mutagenic treatment of physical muta-
gens for different L. angustifolius sp. From this work, 
target dosages for mutation breeding using physical and 
chemical mutagens for various lupines can be estimated. 
Interestingly, the optimal dosages determined from this 
study vary from previously reported experiments. Future 
work to understand this variance is needed.  
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The pilot experiment showed that seeds of all three 
Lupinus angustifolius genotypes should be treated with 
doses between 401 and 1129 Gy for physical mutagens 
and from 1.4 to 4.8 mM NaN3 for chemical mutagens in 
order to obtain GR30 and GR50.
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ABSTRACT
Breeding results for three lupin species – L. albus, 

L. angustifolius, L. luteus – are demonstrated. White 
lupin is the most perspective from the grain and 
green mass yield point of view. Narrow-leafed lupin 
cultivars Christal, Snezhet, Belozerny 110 are widely 
used in the Central Russia because of their early rip-
ening. The new cv. Vityaz has been registered in the 
State List. Modern Polish narrow-leafed lupin culti-
vars are tested in the collection nursery. 

KEY WORDS
lupin variety, breeding, yield, genpool, fusariose, an-
thracnose 

INTRODUCTION
Compared to soybean (Glycine max (L.) Merr.) lu-

pin species (Lupinus albus L., L. angustifolius, L. and 
L. luteus L.) are very attractive because they have few 
soil and climatic restrictions and may be grown in dif-
ferent regions. Each species has its own characteristics 
making it suitable for specifi c niches, although not at the 
exclusion of the other species. Anthracnose infection is 
the main limiting factor for lupin resulting in 100% yield 
loss in epiphytotic years. Development and cultivation of 
genetically resistant cultivars is the most effective way 
to combat this disease. The second one is the search for 
effective fungicides. While fungicide may help in years 
of mild disease pressure they are not able to control an-
thracnose in years with widespread disease outbreaks. 
Breeding for resistance is diffi cult because of the ab-
sence of reliable sources and anthracnose resistance do-
nors in the domestic VIR collection and gene banks of 
other countries. Thus the hunt for and development of 
new anthracnose resistance sources continues.

MATERIALS AND METHODS
Tests were done on the grey wooded soil with humus 

content of 2.5-3.0%, P and K content – 15-20mg and 10-
15 mg per 100 g respectively. Its pH is 5.5-6.5.

Intraspecifi c crossings as well as different selection 
methods have been used for development of new initial 
material on the base of hybrid and intravarietal popula-
tions. The breeding seeder SKS-6-10 was used in com-
petition tests, seeding rate – 1.2 million of viable seeds 
per a hectare. Statistical analyses of yield have been 
done according to Dospekhov (1985).

RESULTS AND DISCUSSION
Yellow lupin (L. luteus) is the overall most use-

ful among three cultivated species. It grows better on 
light soils, has softer stems, good foliation, high seed 
protein content in and high forage yield. In coopera-
tion with the Plant Immunity Laboratory early matur-
ing forage yellow lupin cultivars with increased levels 
of anthracnose resistance, such as Peresvet (2004), Na-
dezhny (2007), Demidovsky (2008), Prestizh (2009) 
have been developed and registered. State testing of 
the new anthracnose and Fusarium tolerant cv. Brigan-
tina began. This new cultivar has a grain yield 2.3-2.5 
t/ha and a fresh forage yield of 5.0-5.5 t/ha. Brigantina 
was developed by repeated individual-and-family se-
lection among early ripening, productive forms with 
high anthracnose resistance from the breeding line SN 
1408 treated with gamma-rays Сs137, at a dose of 15 000 
Roentgen. 

White lupin (L. albus) has the highest yield potential 
and its seed quality is close to soybean. Breeding goals 
are the development of early-maturing (vegetation pe-
riod 110-120 d), lodging-resistant, anthracnose-resistant, 
and Fusarium-resistant cultivars with a wide adaptation. 
These cultivars would have a determinate branching 
type, grain yield of 4.5-5.0 t/ha, protein content 38-40%, 
and oil content 10-12%. Pre-breeding material is avail-
able to accomplish these objectives.
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White lupin breeding over the last 15 years has con-
centrated on early maturity and Fusarium resistance. 
The medium-maturity Fusarium resistant cv. Desnyan-
sky was registered in 2003 and the early-ripening, lodg-
ing and Fusarium resistant cv. Dega in 2004. Under fa-
vorable conditions these new cultivars surpass pea and 
soybean in protein yield per unit area (Chekmarev and 
Artyukhov, 2011). 

We make about 20-30 crosses annually to develop 
segregating populations with a complex of economic 
valuable characters. Crossing Polish early ripening deter-
minant forms and/or French winter-type cultivars Ludet 
and Lucyanne with our Fusarium resistance sources re-
sulted in lines differing in branching type, plant height, 
resistance to lodging and diseases, production potential, 
and vegetation period (ultra early-, early-, mid- and late 
ripening. They are then tested in breeding and evalua-
tion nurseries and are of great interest as initial material 
for development of widely adapted white lupin lines for 
various regions of Russia. 

Under our conditions, spike-like and paniculate mor-
photypes are the earliest ripening, whereas corymbous 
and late-maturing lines with ordinary branching are 
most productive. During white lupin breeding for early 
maturity, productivity and DHS (distinction, homogene-
ity, stability) we use else four fl ower colors (blue, lilac, 

white, pink), two seed colors (white, marble), two leaves 
colors (green, light-green) and different combinations of 
these characters as distinguishing characteristics. 

Twelve lines differing in genetic background, mor-
photypes and fl ower color resulting from this breeding 
effort were evaluated in 2010 and compared to standard 
cultivars Dega and Desnyansky (Table 1). Breeding lines 
SN 64-08, SN 67-08, SN 74-08, and cv. Desnyansky 
have the ordinary (=indeterminate) branching type and 
are late-maturing.

SN 64-08 had a grain yield of 4.9 t/ha and SN 61-08 
yielded 5.7 t grain/ha. Forage green mass yield in the test 
ranged 57.3 to 69.6 t/ha, seed protein content from 37.7 
- 40.8%, and oil content from 7.0 - 7.7%. SN 61-08 (Pol-
ish line k-3494 x cv. Desnyansky) had the highest grain 
(5.7 t/ha) and fresh forage yield (6.9 t/ha). It is a medium 
maturity, tall line with pink fl owers breeding line with 
ordinary (indeterminate) branching. SN 61-08 yield 0.6 t 
grain/ha and 13.0 t forage /ha more than the standard cv. 
Dega. SN 61-08 will be evaluated further and advanced 
to the offi cial State trials. 

Unlike other lupin species narrow-leafed lupin (L. 
angustifolius) lines ripen earlier and have a higher level 
of anthracnose resistance. The offi cial Russian State List 
comprises eight registered narrow-leafed lupin cultivars 
- Snezhet, Smena, Siderat 38, Vityaz, Belozerny 110, 
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Christal, Nadezhda, Raduzhny. These cultivars consti-
tute 98% of lupin acreage. Early ripening (90-98 days) 
cvs. Christal, Raduzhny and Snezhet have genetically 
conditioned blocked lateral branching; their potential 
yield is about 3.0 t/ha seed and 40 t/ha fresh forage. 

The utilization of non-traditional food protein sourc-
es is developing in Russia, among them the development 
of lupin food products. The properties of our narrow-
leafed material (cvs. Nadezhda, Christal, Snezhet) for 
such purposes have been evaluated at the St.-Petersburg 
Commercial Institute; cv. Snezhet was found to have the 
best prospects (Krasilnikov et al., 2006). Cultivars Be-
lozerny 110 and Smena have a longer vegetation period 
(100-110 days), intermediate lateral branching, and a for-
age green mass yield of 50 t/ha. In contrast, cv. Nade-
zhda has spike-like infl orescence (lateral branching is 
absent) with a vegetation period of 80-85 days, which 
is similar to barley. This early ripening characteristic 
makes it suitable for regions with short vegetation pe-
riod. In tests in Perm region (approx. 58oN) it yielded 
2-2.5 t grain per ha.

Bitter narrow-leafed lupin has been used in Russia 
as green manure for a long time. The ploughed under 
biomass has antifungal properties due to the alkaloids. It 
decreases disease incidence of subsequent crops such as 
root rot in grain crops, common and powdery scab, and 
Rhizoctonia and golden nematode in potato (Novikov et 
al., 2007). Our own cv. Siderat 38 has the advantage in 
the Central part of Russia and is resistant to pod shat-
tering. Previous cultivars developed at other research 
Institutes did not have this characteristic. It has the abil-
ity to produce about 4 tons grain per ha and about 50 
tons green biomass per ha in a short vegetation period 
of 90-95 days. It also produces a good hay harvest in in-
terspatial and stubble sowings because of intensive ini-

tial growth. Because it takes on 55-60 days to produce 
enough biomass to be useful as green manure it has the 
potential to be grown as a double crop stubble-seeded 
into the preceding crop.

Our narrow-leafed forage lupin cv. Vityaz is now in-
cluded on the State List of Russia. It was developed by 
means of intervarietal hybridization followed by selec-
tion for productive early ripening forms. In comparative 
tests its grain yield was 3.6 t/ha, which is 23-39% higher 
than the standard cv. Cristal (Table 2) and it had an aver-
age green biomass yield of 57 t/ha. It has a seed protein 
content of 35-37% with an alkaloid level of 0.04-0.05%. 

Seven modern, mostly Polish, narrow-leafed culti-
vars obtained from Przebędowo (Poland) were screened 
for economically valuable traits (Table 3) in 2010. High 
temperature during that summer had a negative effect on 
plant height and biomass accumulation. Cultivar Boruta 
is closest to the standard cv. Christal in plant height (47.8 
and 45.4 cm respectively) but has a 1000 seed weight (97 g)
that is 24% lower than cv. Christal. Also Boruta had pod 
set primarily on the main stem. 

Cultivars Elf and Regent were noted for their attrac-
tive ability (AA), which was 30% higher than the stan-
dard cv. Christal. Cultivars Regent, Kalif and Boruta 
surpassed var. Christal in micro distribution coeffi cient 
(MC). The locally adapted standard cv. Cristal had the 
highest seed yield per plant of all entries.

CONCLUSIONS
1. Russian Lupin Research Institute which is located 

in the Central Zone of Russia is specializing with 
yellow, white and narrow-leafed lupins breeding. 
At present narrow-leafed lupins varieties are widely 
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used in industry as forage and green manure. High 
productive white lupin cultivars are promising in the 
southern regions of the country. 

2. New relatively anthracnose resistant yellow lupin 
cultivars assist to revival of the specie.  

3. Breeding work in the Russian Lupin Research In-
stitute is aimed to develop new adaptive cultivars 
for different use, with complex anthracnose and 
Fusarium resistance, to enrich genpool by methods 
of experimental mutagenesis and intraspecifi c hy-
bridization. 
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ABSTRACT
The use of lupin seed as fertilizer can provide an 

N source with a high fl exibility in time and space. The 
main objective of this work was to compare different 
strategies to apply lupin seed (Lupinus angustifolius 
L. cv. Azuro and cv. Boruta) as N-fertilizer to white 
cabbage crop (Brassica oleracea capitata L. cv. Im-
puls). In seedling stage the seed germination process 
utilizes storage carbohydrates as energy source by 
respiration, so the amount of carbon in the plant and 
hence their C/N ratio decreases. With leaf expansion 
and the outset of photosynthesis the fl ow of carbon 
will invert. Thus the main aim of this research was to 
incorporate germinated lupin seed after a certain time 
of growth (when the C/N ratio reaches its minimum 
value) that could increase the N release of this plant-
derived fertilizer.

It was found that the incorporation of lupin seed 
with a short germination period of 12 days can in-
crease the N release of this plant-derived fertilizer. 
Comparing the referred fertilization method with 
the incorporation of shredded lupin seeds, it was also 
found that they did not result in different N release 
or cabbage yield since the incorporation of shredded 
lupin seed can be a more practical fertilizing method. 
The use of shredded does not imply soil mobilization 
needed to prepare the seed bed, sowing, and incorpo-
rating of seedlings.

KEY WORDS
organic agriculture, plant-derived fertilizers, Lupinus 
angustifolius, Brassica oleracea capitata

INTRODUCTION
Animal waste products are easily degradable in soil 

and lead to a fast release of plant available nutrients, 
especially nitrogen. They have been widely used as 
fertilizers in organic vegetable production, to increase 

N availability to crops within crucial and short periods 
of time. However, with the increased incidence of 
diseases in some animal production, the utilization 
of animal waste products (e.g. meals of meat, bones, 
blood, horn, feathers) as fertilizers in organic farming 
has been questioned. Organic fertilizers derived 
from plant materials may be an alternative, and some 
industrially processed fertilizers free of animal products 
already exist in the market (e.g. coarsemeal of castor 
cake, Maltafl or®-spezial, Phytoperls®, Agrobiosol®). 
Coarse meals of legume seeds appear to be promising as 
fertilizers (Braun et al., 2001; Kalauch et al., 2001) being 
an additional benefi t for farmers that may produce these 
legume seed based products. 

Lupins (Lupinus spp.) are well known for their 
ability to improve soil structure and reduce pest and 
weed occurrence. Lupin crop is capable of satisfying 
more than 80% of its N requirement from N2 fi xation. 
Consequently, when part of this fi xed N is made available 
to a subsequent crop, the use of lupins can provide not 
only a protection for crops and soil but also an internal 
farm N source. The use of lupin seed as a N fertilizer 
can provide a N source with a high fl exibility in time 
and space. The effi ciency of such a system is highly 
dependent on the N release of lupin seed applied as N 
fertilizer. 

Thus, the objective of this work was to compare dif-
ferent strategies for applying lupin seed as N fertilizers. 
Since during the germination process the seedlings are 
utilizing storage carbohydrates as an energy source by re-
spiration, the amount of carbon (C) in the plant and hence 
its C/N ratio decreases. With leaf expansion and the onset 
of photosynthesis the fl ow of C will invert. Thus the main 
hypothesis of this research was that the incorporation of 
germinated lupin seed after a certain time of growth (when 
the C/N ratio reaches its minimum value).

MATERIALS AND METHODS
A rotation experiment was conducted over a two-year 

period using a randomized complete block design (r=3). 
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Rotation treatments were the L. angustifolius bitter cv. 
Azuro and sweet cv, Boruta. Two traditional grass-clover 
mixtures (Lolium perenne L. cv. Lipondo in combination 
with Trifolium pratense L. cv. Titus or T. repens L. cv. 
Rivendel) had been established as a pre-crop in order to 
compare the lupin fertilizing systems with traditional 
leguminous systems. Plant densities were 76 and 96 
plants/m2 for the sweet lupin and 60 and 61 plants/m2 for 
the bitter lupin in year 1 and 2, respectively. The avera-
ge N-fi xation of the lupin crop was measured using the 
difference method (N balance, based on the difference in 
total N between a legume and a non-N2-fi xing reference 
crop) perennial ryegrass cv. Edda as the reference crop 
(Table 1). 

In both years 4,3 plants/m2 (0,5m x 0,47m) of white 
cabbage (Brassica oleracea var. capitata L. cv. Impuls) 
were grown in all plots, except the ryegrass plots. Three 
different application methods for lupin seed as a N-fer-
tilizer were compared with the unfertilized control: (1) 
Coarse meal of lupin seed; (2) dense lupin sowings with 
a short growing period; and (3) dense lupin sowings with 
a long growing period. In the fi rst year, seedlings where 

incorporated 22 or 47 days after sowing. Incorporation 
dates were 12 or 37 days from sowing in year 2. Based on 
the N concentration in lupin seedling fresh matter or meal 
the factorial combination of lupin type (bitter vs. sweet) 
and application method (3 levels) were applied to the soil  
in an amount supplying 180kg N/ha to the cabbage . Also, 
as a reference, the incorporation of grass-clover cut and 
removed from the fi eld or mulched during growth was 
considered an N-fertilizer.

The signifi cance of treatment effects was tested by 
analyses of variance (ANOVA) for repeated measures 
and, in case of signifi cance, followed by the post-hoc 
Tukey/Kramer HSD-test (honestly signifi cant difference, 
P ≤ 0,05).

RESULTS AND DISCUSSIONS
The largest cumulative N-release during year 1 was 

found for the short-duration establishment, where the 
lupin crop was incorporated 22 d post seeding (treatment 
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K in Fig. 1). This effect was probably due ungerminated 
seed and decaying lupin seedlings resulting in a rapid N 
mineralization. Coarse lupin meal (treatment S in Fig. 
1) had the largest cumulative N release of (446 kg/ha), 
possibly due to a priming effect 5 wk after transplanting 
the cabbage. In year 1, all fertilization treatments (S, K, 
L) increased the N-release.

In year two, the long-duration treatment (L) resulted 
in the lowest N-release, probably due to N-uptake by lupin 
seedlings. This treatment was not capable of increasing 
the N-release in the soil compared to the fertilization 
methods using lupin seedlings with a short germination 
period of 12 days (K) and shredded lupin seed (S).

Shredded lupin seed (S) and lupin seedlings with a 
short germination period (K) led to greater cabbage yields 
than control treatments in year 1 (Figure 2). Those two 
fertilization methods (S and K) showed a tendency in both 
years to lead to greater cabbage yield than the fertilization 
method using lupin seedlings with a long germination pe-
riod (L) and the control treatments (O). The effi cacy of the 
three fertilization methods tested was mainly confi rmed 
in the fi rst year, where strong relationships were found 
between the cumulative N released in each sampling and 
the average cabbage yield (Figure 3). 
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CONCLUSIONS
The incorporation of lupine seedlings with a short 

germination period of 12 days increases the N release in 
the soil more than do the treatments with lupine seedlings 
with a long germination period (22 days) or shredded 
lupine seeds. However, since this treatment and the use 
of shredded lupin seed led to similar values of cumula-
tive released-N and cabbage yields, the incorporation of 
shredded lupin seed can be a more practical fertilizing 
method. It is simpler to implement since it does not require 
soil mobilization to prepare the seed bed, sowing, and 
incorporation of lupin seedlings and does not depend on 
the germination process. 

Further research would be useful to collect more 
information on the use of lupin and other legume seeds 
as a plant-derived fertilizer by studying the effi cacy of 
shredded legume seeds as localized organic fertilizations 
according to different crop needs. Notice that coarse meal 
of legumes such as lupines can be applied directly on the 
soil, followed by a light incorporation or even via the ir-
rigation system during crop growth if fi nely shredded. 
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ABSTRACT
Different authors point to Andean lupin, as one of 

the bases of food crops from the Andean highlands. 
Andean lupin has caught the attention of many re-
searchers, starting with Sengbusch, which named it 
“Öllupine”. Pakendorf achieved by mutations a great 
diversity of genotypes. Blanco in Peru makes the fi rst 
of several collections of germplasm. The adaptation 
to European conditions, is hampered by its lack of 
earliness under long photoperiod conditions. Römer 
achieved unbranched forms without ramifi cations, 
with a very fast maturity but very low yield. 

The fi rst sweet and stable form in following gene-
rations was achieved by von Baer E., in collaboration 
with Gross  (Baer and Gross, 1977) as the INTI cul-
tivar, based on a white semi-sweet mutation, selected 
and subsequently hybridized with L. elegans inter-
specifi c cross.

Under conditions of the south of Chile (Lat. 38 So-
uth) developed lines were sweet with a similar maturity 
cycle to L. angustifolius, protein contents between 43 
and 52 percent and oil contents between 12 and 28 
percent. The composition of amino acids and fatty 
acids for this lines. Its performance measured in both 
components is superior than other lupines, but lower 
than winter L. albus. Recent researches have shown 
that these lines were able to mature in the Netherlands 
and Germany.

KEY WORDS
Andean lupin, L. mutabilis, L. angostifolius, photoperiod, 
alkaloids

INTRODUCTION
Lupinus mutabilis is of Andean origin (Venezuela to 

the North of Argentina and Chile) and belongs to the group 
of New World lupins.  It has been used since Tiahuanaco 
culture (prior to the Incas) and Antunez de Mayolo (1980) 
found grains in Nazca tombs. The fact, that it generally 

shows no shattering, demonstrates that there was some 
selection work done by the Andean people. Nevertheless 
its high alkaloid content, in leaves as well as in grains, 
means that it is not as domesticated as species from the 
Old World. 

We fonnd very precocious forms as the Bolivian eco-
types, but also biennial forms in the “Ceja de Selva”, the 
High Jungle in Ecuador and Peru. Its maturity is uneven. 
Over 3000 m above sea level frosts produce homogenous 
drying. On the other side, in the Ceja de Selva harvest 
is done manually all the year round, breaking the ripe 
legumes. 

Another important aspect is that in spite of being a 
temperate climate legume, its photoperiod is adapted to 
latitudes 10 ° north to 20 ° south. So it is sown at the end of 
spring frosts and harvested in winter (June). This charac-
teristic makes its adaptation to other latitudes diffi cult.  

R. von Sengbusch, who from 1928 achieved sweet 
forms of L. luteus, L. angostifolius and L. albus, also wor-
ked with L. mutabilis, obtaining semi-sweet, non-stable 
forms. He called the Andean lupin “Öllupine” due to its 
high oil content (Sengbusch, 1942). 

Later different authors worked with L. mutabilis, like 
the outstanding work with induced mutations by Paken-
dorf, who also described sweet forms, but unstable in the 
following generations. 

Oscar Blanco (1980) in Peru found a natural sweet 
mutant, which he later discarded because of its bitter 
offspring. Nevertheless he gave me three grains which 
were sown in Gorbea, Chile. They were really sweet as 
seedlings, but the grains were bitter. These were sown 
again, showing accumulation of alkaloids during the 
process of maturing of plants and grains. Similar situ-
ation was noted by Nowacki and Waller (1977) and Wink 
(1984) for other species.  Under a system of selection and 
crossing with L. elegans, followed by selection during 
many generations, it was possible to obtain the INTI, the 
fi rst stable variety, which I presented at Poznan in 1988. 
From this variety I delivered material to the germplasm 
collections of Cuzco in Peru and Pairumani in Bolivia, to 
Gladstones in Australia and to W. Williams in UK. This 
material was passed to France and other places. Later I 
gave material to Poland, so the possibility was created 
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to begin the adaptation work of the sweet form by local 
breeders  at different places.

The results were not achieved as expected, mainly due 
to three reasons, among others:
1. The inheritance of alkaloid content is polygenic; in 

order to maintain the “sweet” character it is necessary 
to perform a very strong maintenance work on the 
mother lines´ purity. 

2. The grain size of INTI was not suffi cient, its yield too 
low in comparison to the bitter form SCG9. 

3. Its vegetational period is too long, especially for tem-
perate climate conditions. 
New hybridizations presented in 1988 in Poznan sho-

wed that in the F2 we had 1000-grain-weight variations 
from 160g for Inti to 280 g for SCG9, and 225 g for the 
bitter line with high oil content.

Later in Chile in 1990 we informed about the success-
ful crossing of L. polyphyllus with L. mutabilis,  lines 
which later were backcrossed with Andean lupin and 
constantly selected for sweet forms (Baer, 2002). 

Parallel work included hybridizations EMS induced 
mutations, with early ecotypes from Bolivia and the epi-
gonal mutant by Peter Römer (1994).

So we generated two parallel and complementary 
working lines: 

1. Creation of a heterogeneous germplasm pool put under 
selection pressure for sweet, early and bigger seed 
size forms. 

2. Selection of promising lines, of even maturity, high 
protein and oil content, mass selection under yield 
trials with four repetitions. 

The second work allowed us to report in Australia 
(Baer, 2008) the fi rst results of exact trials of different 
promising sweet lines which were higher in protein and 
oil yield per surface than L. angustifolius.

In 2009 we performed the fi rst mechanized threshing 
of line 246, from which grain was used for using them 
as salmon food and experimental sowing in Germany 
and Holland. 

Grains of single plants of L 246 were sown into fi fteen 
individual plots, from which six were selected for even 
maturity. Results are indicated below and will originate 
the purity maintenance of a new variety named PINTA, 
whose origin is the hybridization Inti x SCG9. Here Inti 
contributes to the sweet character and high protein content 
and SCG9 to high oil content and seed size.

MATERIAL AND METHODS
Work begun in 1972, supported later by  R. Gross 

(Project for non-conventional proteins –GTZ)  and based 
on material from Ecuador and  Bolivia, plus the Pakendorf 
collection, for the development of a pyramidal method 
with some simple qualitative analysis confi rmed later 
by exact analysis on a much smaller proportion of the 
material. 
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The modifi ed KI/I2 test works as follows: The grains 
are put one by one in glass tubes, which are fi lled up with 
approximately three times the grain weight of water. The 
tubes are placed into a 100°C sand bath for one hour. 
After cooling, one drop of KI/I2 solution is put in each 
tube and precipitation is observed. Our evaluation scale 
reads as follows: 

+++ bitter,  ++- semi bitter,  +-- semi sweet,  ---  sweet

This simple method has allowed us to select materials 
that showed less than 0,02 % of alkaloids starting from 
the F2 described in 1988 by the author. We also reported 
the proportion of different alkaloids. As the alkaloids 
decrease, sparteine content drops. 

Frequent problems of L. mutabilis breeding are:

1. The cross-fertilization by insects is high. So Blanco 
(1980) reports 4 to 11 % in Peru, but Ganatowska et 
al. (1999) in Poland says 9,5 -18,9%.  Therefore it is 
indispensable at least to isolate by means of other 
cultures (mustard) or separate the selected lines.  The 
described above situation explains also the diffi culty 
to maintain low alkaloid level in the multiplications 
because of the bitter mutants that occur on bigger 
extensions. 

2. Frequently there are plots with low emergence rate. 
This may be because the seed was damaged due to 
its thin cuticle during threshing, or that it has latency 
problems. The last occurs usually in materials related 
to Lupinus polyphyllus.

3. Regards to diseases, attack by the fungus Colleto-
trichum lupini is observed, depending on the years  

weather. The highest susceptibility is seen after fl owe-
ring, when the defense of the plant is diminished, what 
coincides with a lower concentration of anthocyanins 
and phenols in this vegetational state (von Baer et al. 
1986).

4. On the segregating plots only the mature plants are 
harvested. Immature grain has to be discarded, be-
cause it could show a higher content of non-degraded 
alkaloids, as demonstrated by Nowacki and Waller 
(1977) and Wink (Wink 1984).

Seed of selected single plants of the multiplication 
were sown with a distance of 10 cm between grains and 
40 cm between rows, on 15 plots September 1ST, 2010. 

Six plots were selected by their initial vigor and 
homogeneity with the indicated origin denomination: 
from these again single plants were selected that were 
studied individually, forming the base of maintenance 
of the future variety. The rest of the plots were analyzed 
for protein, oil and total alkaloids on dry matter base. 
As different example: GRIS L206-207-1 corresponds to 
the crossing of L. polyphyllus x Pinta and has a different 
frequency of bitter grains. 

RESULTS
PINTA BAER was selected because of its high protein 

and oil content, but we did not expect values such high. 
Possibly they will be lower once they are sown with 
normal density. 
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CONCLUSIONS
– We confi rm that inheritance of alkaloids in Lupinus 

mutabilis is of polygenic nature
– Andean lupin grains show the highest sum of oil and 

protein of all grain legumes 
– Achieving varieties of appropriate and even ripeness, 

its demand is granted  
– Material here described is the most advanced up today, 

its multiplication beginning this season 
– We look forward to make the fi rst industrial tests with 

this new variety in 2013 
– We will keep working at the same time with the 

achieved gene pool, mainly regards to ripeness and 
resistance to diseases

– I hope that the developed methodology could be of use 
for those who wish to work with this species.
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ABSTRACT
Because of the climatic conditions under which 

most lupin crops are grown there is not a lot of pub-
lished information on the response of lupin species to 
irrigation.  A review of the CAB Abstracts database 
lists nearly 9,000 papers which are related to lupins.  
Searching within these papers for soil water manage-
ment in lupins reduces the number of papers to 76.

The work reported here reviews the response of 
lupin crops to additional water and reports on an 
irrigation experiment using Lupinus angustifolius.  
The results indicate that if water application is well 
managed there can be considerable dry matter (500 
g m-2 to 2,300 g m-2) and seed yield (100 g m-2 to 580 
g m-2) increases. However, application of excess water 
can substantially reduce the yield response to water 
to 1,600 g m-2 for total dry matter and 330 g m-2 for 
seed.  Seeds pod-1 were signifi cantly increased with ir-
rigation from 3.43 to a mean of 4.14.  Values for 50% 
water replacement and 200% water replacement were 
identical at 4.01 seeds. Mean 100 seed weight increased 
from 13.86 g with no water replacement to a mean of 
16.29 g with irrigation.

KEY WORDS
Lupinus angustifolius, water supply, yield, narrow-leafed 
lupin  

INTRODUCTION
The CAB Abstract data base (CABI, 2011) lists nearly 

9,000 papers on lupins.  However, of these only 76 are 
related to water use. This is probably related to the regions 
of the world where lupins are grown commercially which 
predominantly have a Mediterranean climate.  As a result 
the crop is reliant on winter rainfall and may often be 
drought stressed during seed fi lling in late spring.

In Canterbury, New Zealand, prior to the Second 
World War several thousand hectares of bitter narrow 

leafed lupins (Lupinus angustifolius L.) were grown 
principally for their ability to fi x atmospheric nitrogen 
(Claridge, 1972). In recent years there has been a revival 
of interest in lupins principally because of their ability to 
utilize rock phosphate.

The Canterbury plain has soils which vary from 
deep loams to shallow sandy loams which overlie deep 
stones and therefore have good to very poor water hold-
ing capacity. 

The average rainfall is about 50 mm month-1 and 
rain tends to be evenly distributed throughout the year. 
However, water loss from the soil profi le in summer, 
particularly when Föhn type North West winds blow, 
can be up to 11 mm day-1. As a result accumulated soil 
moisture defi cits of 300 mm are not uncommon by the 
end of summer.

Herbert (1977) conducted irrigation trials with both 
Lupinus albus L. and L. angustifolius. In the latter species 
irrigation increased total dry matter yield from 12,000 to 
20,000 kg ha-1. At the same time the harvest index declined 
from 47.9 without irrigation to 43.2 with irrigation.

Herbert (1977) found there was a negative response of 
plant population in L. angustiofolius with irrigation. At 27 
plants m-2 plant survival was 94% without irrigation and 
93% with irrigation. At a population of 156 plant m-2 plant 
survival was 74% without irrigation but was only 67% 
with irrigation. He considered that the greater number 
of plant deaths was because of higher canopy humidity 
which led to more disease.

Ganeshan (1998) worked on a range of grain legumes 
which included L. angustifolius. The legumes were ir-
rigated weekly using a soil water balance. He recorded 
a total above ground lupin dry matter yield of 27,300 kg 
ha-1.  However, the harvest index was only 11.5%.

In 2009 an experiment was conducted in which bitter 
blue L. angustifolius was grown with fi ve levels of applied 
water. Treatments ranged from no additional water to 
200% of soil water use during crop growth.
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MATERIALS AND METHODS
Full details of the materials and methods used are 

given in Kang (2009).  However, in summary, the experi-
ment was conducted between November 2007 and April 
2008. It was sown at the Horticultural Research Area of 
Lincoln University (43o 38’ S; 172o 30’ E). The soil was a 
Templeton silt loam and prior to the experiment had been 
in perennial ryegrass (Lolium perenne L.). The soil water 
holding capacity was 32 mm per 10 cm soil depth.

The experimental design was a split plot with three 
replicates. Irrigation treatments were main plots and 
chickpea (data not presented) and narrow-leafed lupin 
were sub-plots. Sub-plots contained 14 rows of plants at 
15 cm apart and were 2.1 x 14 m in area.

Water was applied at 0, 50, 100, 200 and 100% + 
Nitrogen water replacement based on actual weekly soil 
moisture content and the soil fi eld capacity. Water was 
applied using T-tape located in every second crop row. 
The amount of water applied in the irrigation treatments 
was based on the actual soil moisture defi cit which was 
measured using Time Domain Refl ectometry (TDR). 
The amounts of irrigation water applied for the various 
treatments are shown in Table 1. The total rainfall from 
sowing to physiological maturity was 363 mm.

Crop husbandry followed standard farm practise. 
Seed was inoculated prior to sowing with an appropriate 
rhizobial strain and was sown to obtain a plant population 
of 100 plants m-2. In the 100% irrigation plus nitrogen 
treatment, nitrogen at 150 kg of N ha-1 was applied as 
calcium ammonium nitrate after sowing.

Dry matter accumulation was measured weekly by 
taking two 0.1 m2 quadrats (data not presented). At fi nal 
harvest, which was taken after plants had completely 
senesced, an area of 1 m2 was cut from the central fi ve 
rows of each plot and was used to determine total dry 
matter yield, seed yield and the harvest index. The yield 
components of pods plant-1, seed pod-1 and the hundred 
seed weight were calculated from fi ve randomly selected 
plants from the sampled area.

Statistical analysis was by analysis of variance with 
designed contrasts and used the Genstat package.

RESULTS
The total dry matter, seed yield and harvest index re-

sults are shown in Table 2. With regard to total dry matter 
there was no signifi cant difference in yield between apply-
ing water to completely replace the defi cit and replacing 
the defi cit and adding 150 kg of N ha-1.  The mean of the 
two results was 12,234 g m-2. For seed yield there was a 
steady increase in yield from 100 g m-2 without irrigation 
to 580 g m-2 with 100% water replacement. The addition 
of nitrogen with 100 % water replacement had no effect 
on seed yield (501 g m-2) over water replacement alone. 
The harvest index varied from 17% (0% additional wa-
ter and 200% additional water) to 20% at 100% water 
replacement.

Data on crop yield components is presented in Table 
3. The number of pods plant-1 was not signifi cantly differ-
ent among the treatments despite considerable variation. 
This was probably due to a very high CV for this variate 
(52.9%) as there was a trend for pods plant-1 to increase 
from 4.3 with no replacement water to 13.2 with 100 % 
water replacement. Seeds pod-1 varied signifi cantly with 
treatment. With no water there were only 3.43 seed pod-1 
any application of water increase seeds pod-1 to > 4.00. 
The greatest number of seeds pod-1 was 4.38 with 100% 
water replacement. There was no difference in seeds pod-1 
between 50% water replacement and 200% replacement 
(4.01 seeds). The 100 seed weight also responded signifi -
cantly to water (P < 0.01). In the absence of additional 
water the mean seed weight was 13.86 g. With the addi-
tion of any water it was > 16.0. The heaviest seeds were 
those that had received 100% water replacement (16.72 g). 
The 100 seed weight values for 50% water replacement 
and 200% replacement were again similar at 16.08 and 
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16.10 g. Finally the number of seed m-2 is another way 
of expressing crop yield.  When divided by the 100 seed 
weight it gives values which are remarkably close to the 
yield data in Table 1 at 95.6, 243.1, 583.9, 336.3 and 501.3 
g m-2 for the 0%, 50%, 100%, 200% and 100% +N water 
replacement treatments respectively.

DISCUSSION
There was a signifi cant increase in both total dry mat-

ter and seed yield as the amount of water applied to the 
crop increased from zero to 100% of the defi cit. The addi-
tion of nitrogen at 100% water replacement increased total 
dry matter production but lowered the harvest index.

Doubling the amount of water applied reduced total 
dry matter production from 2,300 to 1,600 g m-2. It also 
reduced HI to 17% and gave less seed (330 g m-2). Overall 
the application of excess water can seriously reduce lupin 
seed yield. Greenwood and McNamara (1987) reported 
similar results for fi eld peas at a site with impeded drain-
age. It is evident that replacement of water to 100% of 
use can considerably increase lupin dry matter and seed 
yield.  However, application of irrigation water needs 
to be carefully controlled to prevent overwatering and 
reductions in crop yield.
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ABSTRACT
The agro-ecological suitability for growing white 

lupin (Lupinus albus L.) in Argentina was assessed 
considering the climate and soil resources of major 
agricultural areas. Changes in climate patterns, ma-
inly rainfall and temperature, derived from global 
warming were detected in the lupin cropping region. 
The Northwestern portion of the Pampa has experien-
ced signifi cant increases in rainfall which has favored 
the deforestation of native forest for grain production. 
However, inter-annual rainfall variability was associa-
ted with drought occurrences. Most of the transient 
global climate models (GCM), with different emissions 
scenarios, predict climate changes in the agricultural 
lands of Argentina with increases in temperature, 
variance and rainfall amount and altered rainfall 
distribution. Thermal and water balance conditions 
for selected years and different locations and major 
soil groups selected according to crop requirements 
were analyzed. Additionally, improved crop varieties, 
introduced from other countries, were tested in experi-
mental plots. The observed climate changes and future 
changes and the results of fi eld crop experiments over 
the past ten years were analyzed to obtain a new lupin 
zoning map. Using a geographic information system, 
new cropping areas were classifi ed as potentially su-
itable for white lupin and crop limiting factors were 
identifi ed.

In addition, new goals for a crop breeding program 
should be set to maintain an economically adequate 
agricultural production in the face of predicted climate 
changes. These goals will have to include higher tole-
rance to warmer winters (lower cooling requirements) 
and shorter crop cycles to lower water requirements 
(endure drought occurrence).

KEY WORDS
lupin zoning, rainfall variability, global warming, dro-
ught

INTRODUCTION
The fi rst recognition of lupin crop potential within 

an innovative agricultural framework in Argentina was 
made by the National Science and Technological Offi ce 
(SECYT) through the Innovation Pilot Scheme for Export 
Agroindustry (PROPIAE), developed in 1987-1988 
(Caminoa, 1988; Garciulo, 1988). These agro-economic 
analyses proposed lupin crops as profi table agricultural 
alternatives. Further crop feasibility studies reached a 
similar conclusions (Ravelo et al., 1999b).

Improved white lupin varieties (Lupinus albus L.) 
grow satisfactorily in climates with average temperatures 
between 17° and 21°C, and with precipitation ranging 
from 350 to 700 mm during the crop growth cycle. The 
most important bioclimatic features are related to pho-
tothermal, hydrologic and vernalization requirements. 
Revees et al. (1977) determined that crop stages are po-
sitively correlated with photo-thermal conditions during 
emergence to fl owering, and negatively correlated during 
the fi rst to last fl ower period. Taking those requirements 
into account, Goldstein (1984) classifi ed varieties into 
three main categories: winter, semi-winter and spring. 
In work related to crop production, Sylvester-Bradley 
(1979) determined that the two most important factors 
for a good yield are spring temperatures and humidity 
conditions during fl owering. Williams and Brocklehurst 
(1983) described the effect of cold temperatures and the 
photoperiod in winter, intermediate and spring varieties 
with the aim of making better genetic selection of varieties 
that adapt themselves to short springs of cold regions in 
high latitudes. On the other hand, Putman et al. (1992) 
assessed the irrigation effi ciency with respects to yield and 
they determined that supplementary irrigation increased 
yield components such as the number of podson the main 
axis and secondary branches, the number of seeds per pod 
and the mean seed weight.

The meteorological variables affecting the soil water 
balance and the cold temperature accumulation are the 
rainfall and the air temperature, respectively. These two 
weather variables are the major indicators of climate chan-
ge and inter-annual variability. An increased rainfall trend 
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has been observed over the past 70 years in the Pampas 
region (Ravelo et al., 2003/4) as well as drought occur-
ringin some years in vast areas of that region (CREAN, 
2009). This results in a high soil water variability. Time 
series analysis of air temperatures indicates a signifi cant 
increase in minimum temperatures (Pascale and Damario, 
1993/94; Fernández Long et al., 2008) which will result 
in lower chilling temperature accumulations as well as 
higher degree day accumulations.

Regarding soil requirements, the best soil conditions 
correspond to loam and sandy-loam  soils whose pH var-
ies between 4.6 and 7.0 (Planchuelo-Ravelo and Ravelo, 
1988; von Baer, 1990; Planchuelo, 1998). However, soil 
conditions have not changed over the past years so its 
infl uence on crop performance is not relevant.

The objective of this work was to assess the suitability 
of the Argentine Pampas for white lupin cultivation in 
view of changing climatic conditions, mainly rainfall and 
temperature during the crop growth cycle and to make 
recommendations on appropriate crop characteristics to 
adapt to climate change.

MATERIALS AND METHODS
Meteorological data used in the analysis of the soil 

moisture availability of the Pampas were obtained from 
a network of weather stations located in the provinces of 
Buenos Aires, Córdoba, Entre Ríos, La Pampa and Santa 
Fe (Figure 1). For climatic characterization of the study 
area the monthly average of the following variables were 
considered: rainfall, temperature, atmospheric humidity, 
wind and sunshine for the periods 1931-1970 and 1931-
2000 (SMN, 2010). Monthly and annual rainfall and 
temperature variability were analyzed for both periods.

A minimum threshold of 450 chilling hours was esta-
blished as satisfying vernalization demands (Putman et 
al., 1993; Clapham et al., 1994). Regional chilling hours 
were extracted from agroclimatic maps (Damario and 
Pascale, 1995).

Growing degrees for the 5°C bio-period, when 
thermal sums start to be accounted for the crop cycle, 
correspond to those established by Damario and Pascale 
(1974, 1983).

The soil characteristics off the Pampas were obtained 
from a soil atlas (INTA, 1997). All soil units with loam, 
silt-loam and sandy-loam texture were extracted as soils 
suitable for the crop, and soils with other textures were 
grouped as not suitsble soils. An overlay of cartographic 
information of meteorological and soil variables was 
carried out using the GIS program IDRISI 15.0 (Clark 
Labs, 2009).

During the 1998, 1999 and 2000 crop seasons, expe-
rimental plots for three sowing dates in a network of 13 
sites (Figure 1) were sown to cover, different agro-climatic 
situations. Lupin varieties selected for the fi eld experi-
ments were: Rumbo, Lolita and Typ Top, from the von 
Baer plant breeding farm in Temuco, Chile. The recording 
of phenologic stages was a simplifi ed adaptation of the one 
proposed in the Lupifen II model (Ravelo and Planchuelo, 
1996). Recorded stages were: emergence (V1), fl oral cone 
(R1), beginning of fl owering (R2), end of fl owering (R4), 
beginning of podding (R5), end of podding (R7), begin-
ning of maturity  (R8) and end of maturity (R10). In all 
plots, yield components were recorded at harvest.

RESULTS AND DISCUSSION 
Figure 1 also presents the results of the rainfall ana-

lysis for the period 1931-2000 which indicates a regional 
increase in annual rainfall amount particularly in the 
Western side of the Pampas. This is evident in a particu-
lar weather station (Gral. Pico) shown in Figure 2, where 

Figure 1. Weather station network and fi eld plot sites in 
the Argentine Pampas.

Figure 2. Decadal rainfall increases at the Gral. Pico 
weather station for the period 1931-2000.
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decadal rainfall has had a steep upward trend. The period 
1931-40 had an average annual rainfall of 600 mm. In the 
1990-2000 period the recorded annual rainfall was 900 
mm, there was a 300 mm increase over the 70 years. A 
similar trend was observed during 2000-2010./ However, 
during this period extreme droughts have occurred which 
have affected water availability and crop performance 
(Figure 3).

The higher rainfall in the Western region caused the 
displacement of the suitable areas for lupins toward the 
West. The original lupin cropping region using the 1931-
1970 weather records is shown in Figure 4.  

There has also been a climatic change in the tempera-
ture regime, particularly observed are higher minimum 
temperatures, which affected both growing degree 
days and chilling hours accumulation for the lupins. 
Growing degree-days during the crop cycle fl uctuated 
from 2000 degrees-days in the South of the region up 

to 3300 degrees-days (base temperature: 
0ºC) in the North. Chilling hours of the 450 
hours isoline indicate the North boundary 
of early sowings with varieties of the fall-
winter cycle. In zones located between the 
isolines of 800 and 1,500 chilling hours, the 
vernalization requirements of all varieties 
are completely satisfi ed. To the North of the 
450 hours isoline, only winter-spring varie-
ties can be cultivated. The displacement of 
isolines of chilling hours toward the South 
(colder regions) is shown in Figure 5.

Figure 5 shows an overlay graph with 
climatic and edaphic information layers 
relevant to the agroecological zoning of the 
lupin crop. Both isolines (1931-1970 and 
1931-2000 periods) are shown and the displa-
cements are evident. New cropping areas are 
incorporated into Western zones and some 
areas are becoming unsuitable in the North 
due to the higher temperatures which prevent 
the crop reaching an adequate chilling hour 
accumulation.

Figure 3. Occurrence of drought in the Pampas region.

Figure 4. Original lupin zoning (Using climatic records for the period 
1931-1970).

Figure 5. Overlay of crop zoning factors: a. soil mo-
isture; b. temperature; c. soil characteristics. Da-
shed lines show original zoning, solid lines climate 
adjusted zoning.
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The agro-ecological suitability map 
for the white lupin crop was generated 
by over laying agro-climatic (hydrologic 
defi ciencies and chilling hours) and soil 
texture information considering the climate 
trends for the period 1931-2000 (Figure 6). 
The fi nal map shows eight regions which 
are identifi ed where it should be possible 
to establish adequate crop management in 
relation to lupin variety and sowing time 
characteristics.

Table 1 indicates the hydrologic cha-
racteristics of each region with regard to 
variety precocity coeffi cients according to 
the scale of Ravelo et al. (1999). The variety 
Typ Top has  a precocity coeffi cient of 5.5 
and can be cultivated in the same areas and 
conditions of the variety L2043 variety from 
North America and the variety Lublanc from 
France (Ravelo et al., 1999).

CONCLUSIONS
The climatic changes experienced, in both rainfall 

and temperature, over the last 30 years in vast portions 
of the Pampas has caused a shift in the white lupin crop-
ping area.

Figure 6. Adjusted lupin crop zoning (Using climate records for the 
period 1931-2000).

New goals for a crop breeding program need to be set 
to maintain economically adequate agricultural produc-
tion in the face of predicted climate change. These goals 
will have to include a higher tolerance to warmer winters 
(lower cooling requirement) and shorter crop cycles to 
lower water requirements and survive the occurrence of 
droughts. 
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ABSTRACT
Grain legumes are seldom part of Finnish crop 

rotations. Interest has been renewed since soybean 
meal and fertilizer prices rose in 2007, so a range of 
lupin germplasm has been tested. From a May sowing 
narrow-leafed lupin cvs Haags Blaue, Sonet and Bo-
ruta matured in August. Other cultivars tested did 
not mature until September and were considered too 
late. The heat sum required for Haags Blaue and Sonet 
was less than 1,000°-d above 5°C, while Boruta was 
about 2 weeks later and 20% higher yielding. Thus 
cv. Boruta was considered suitable for the southern 
fringe of Finland (national zone I) whereas Haags 
Blaue and Sonet appear to be appropriate to zone II 
and the southern half of zone III, thus including most 
of the arable belt.

KEY WORDS
narrow-leafed lupin, adaptation, rotations

INTRODUCTION
For many decades, less than 1% of total Finnish 

arable land has been sown to grain legumes, mostly dry 
pea for human consumption (Stoddard et al., 2009a). For 
the last 10 years, however, annual imports of soybeans, 
soybean meal and rapeseed meal have exceeded 250,000 t 
(FAOstat, 2011). Since 2007, interest in home-grown 
protein crops for animal feed has increased, and the area 
sown to faba bean and pea reached 20,000 ha in 2010 when 
the two major national feed compounders contracted for 
10,000 ha of each crop. In 2008, one of the companies 
expressed an interest in a high-fi ber, high-protein, low-
starch crop, fi tting the description of a lupin. Attempts at 
lupin growing have been made before (Aniszewski, 1988a; 
1988b), but the germplasm evaluated was not suffi ciently 
early-maturing. New cultivars have now been developed 
in central Europe, and previously unachieved earliness 
has been claimed. Hence we decided to reinvestigate the 

potential for narrow-leafed lupin in Finnish cropping 
systems.

The growing season in Finland is challenging for many 
crops. The start of the growing season is defi ned by the 
thawing and warming of the ground, so most crops are 
sown as early as possible in May when daylength already 
exceeds 16 h throughout the country. About half of the co-
untry typically suffers a spring drought, so it is essential to 
get seeds sown while the soil is still damp enough to allow 
germination. The 1971-2000 mean daily maximum tempe-
rature in July, the warmest month, is 21°C and minimum 
is 10-14°C in the arable zone (Finnish Meteorological 
Institute, 2011). Rainfall is, on average, well distributed 
but locally is often uneven, leading to both water defi cit 
and waterlogging in the same season. Autumn rains 
start in the second half of August, rapidly making fi elds 
unworkable, so crops are ideally harvested well before 
the end of the climatologically suitable growing season 
in the second half of September. The useable part of the 
growing season thus averages around 1,200°-d (5°C base 
temperature) in the south and 1,000°-d at 62-63°N.

MATERIALS AND METHODS
Field trials of narrow-leafed lupin were conducted 

at Viikki, Helsinki, Finland (60°13’N, 25°01’E) in 2007, 
2009 and 2010 and at Mikkeli, Finland (61°41’ N, 27°12’ 
E) in 2010. All trials used 4 replicates. The cultivars eva-
luated were Haags Blaue, Boruta, Boregine, Bora, Borlu, 
Sanabor, Vitabor and Probor, all from Saatzucht Steinach 
(Germany), and the Polish cv. Sonet, supplied by Purolan 
Kartano, Tuusula, Finland. Sowing dates were 30 May 
2007, 7 May 2009, and 15 May 2010 (Viikki) and 30 May 
2010 (Mikkeli). In 2007, 7 cultivars were sown, plots were 
1.25 x 4 m, and row spacing was 25 cm. In 2009, there 
were 4 cultivars, plot size was 2.5 x 6 m, and row spacing 
was 25 cm. Finally, in 2010, three were 3 cultivars, plot 
size was 1.25 x 6 m, and the row spacing was 12.5 cm. 
The target plant density was 120-140 per m2 for non-
branching cvs Haags Blaue and Sonet and 100-120 per m2 
for all other cultivars. Weed control was manual in 2007, 
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Senkor was used in 2009 along with manual weeding, 
and Pendimethalin was used at Viikki in 2010 while the 
Mikkeli trial was managed organically.

Plots were inspected regularly and the date of 10%, 
50% and 90% fl owering, and 90% maturity, were de-
termined. In 2009, all legume plots were sprayed once 
with Tilt fungicide to prevent the spread of an apparent 
Botrytis disease but disease control was not necessary in 
the other years.

Yield components (seeds per pod, pods per plant, 
plants per m2) were assessed on plants manually harve-
sted from 1 m2 subplots. The remainder of the plot was 
machine-harvested when it was ripe.

Data on temperature and rainfall were obtained from 
a nearby site of the Finnish Meteorological Institute to 
allow calculation of growing degree-days to fl owering 
and maturity.

To promote the results to the farming community, 
articles were published in the rural press, fi eld days were 
held, and talks were given to farmer groups and farm 
advisor institutions.

RESULTS AND DISCUSSION
Weed control was important. Yields were 0.2-0.7 t/ha 

in 2007 when weed competition was severe in spite of 
manual weeding (data not shown). Use of Senkor in 2009 
reduced growth for a few days, but by the end of fl owering 
the treated rows were undistinguishable from untreated 
rows. Manual weeding was nevertheless necessary in 
most plots. Pendimethalin gave better weed control in 
2010. Following on-farm herbicide tests that year, the 
commercial agrochemical company Berner recommended 
Fenix (difl ufenican) for further use. Herbicide testing 
continued in 2011.

In 2007, cvs Boruta, Sanabor and Boregine matured 
before 15 September and were considered worthy of 
further investigation. In 2009, the new cv. Haags Blaue 
matured on 14 August, cv Boruta was 13 days later, and 
Boregine and Sanabor were 2 and 4 weeks later. For 

reference, the faba bean Kontu, considered suitable for 
growing only in zones I and II in the south of the country, 
matured on 22 August. In 2010, cv. Sonet was a day later 
than cv Haags Blaue. The earliness of Haags Blaue and 
Sonet makes them suitable for growing in zone III, as far 
north as Vaasa (63°N) and Jyväskylä, providing a major 
advance in grain legume adaptation in Finland.

Seed yields in 2009 were 3.2 t/ha from Haags Blaue, 
4.0 t/ha from Boruta and Boregine, and 4.8 t/ha from 
Sanabor, so there was a clear correlation between lateness 
and potential yield. Seed yields in 2010, a year of water 
defi cit and high temperatures, were 1.7 t/ha from Sonet, 
1.9 t/ha from Haags Blaue and 2.3 t/ha from Boruta. 
Although farm crop yields are often about 70% of expe-
rimental plot yields, farms in 2010 reported 1.5-2.0 t/ha 
from Haags Blaue. These farms were mostly on more 
appropriate, sandy soils than the clayey Viikki soil.

Many farmers have been excited by the prospect of a 
new protein crop that has good standing power and is 7-10 
days earlier than the available faba bean cultivars. The 
adaptation of narrow-leafed lupin to acid, sandy soils is 
a further attraction. In 2010, 80 ha of Haags Blaue were 
harvested in Finland, mostly for certifi ed seed, although 
offi cial herbicide and other crop protection recommenda-
tions were not ready until early 2011.

Use of the print and electronic media, along with fi eld 
days, has brought results. Following each article in the 
national press (e.g., Stoddard et al., 2009b; 2010), several 
farmers called for more details. While only small groups 
of farmers have attended the fi eld days, many of them 
have expressed astonishment at the earliness of Haags 
Blaue and Sonet compared with lupin cultivars they had 
tried in previous decades. Presentations in English and 
Finnish have been given to farmers and farm advisers 
each year, conveying aspects of agronomy and manage-
ment, and giving opportunities for feedback on interests 
and concerns.

Further experiments will focus on the impact of blue 
lupin on Finnish crop rotations and livestock production 
systems, and on the potential for food use.
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ABSTRACT
Blue lupins have become more important in animal 

feeding due to increasing organic animal husbandry. 
The high protein content of blue lupins shows the best 
protein quality of the home-grown grain legumes com-
bined with low starch content. The feed quality of blue 
lupins can be analysed very quickly and cost-effi ciently 
with NIRS. Weed infestation in pure stands of blue 
lupin is often a problem. Mixed cropping systems are 
a good alternative for weed suppression, but the yield 
percentage of blue lupins in mixed cultivation is low. 
Weed infestation can be reduced by hoeing.

For this, blue lupins were cultivated in wider row 
distances (25.0 cm, 37.5 cm) with the possibility of 
hoeing, and compared with the cultivation to 12.5 cm 
row distance (only harrowing). Field experiments were 
conducted in the years 2006 to 2008 in combination 
with two different cultivars [Boruta (determined type), 
Bora (branched type)] and two seed densities (normal: 
100%, reduced: 75% of the seed rate). 

The results show a signifi cant effect on grain yield 
for all tested factors, but also an interaction between 
year and cultivar, and year and seed rate. Yields of the 
row distance 12.5 cm and 25.0 cm were on the same 
level, with 2.39 and 2.47 t ha-1 DM,; but yield of the row 
distance 37.5 cm was signifi cantly lower (2.19 t ha-1). 
The protein content was not affected by row distance, 
but yield of protein was the lowest in the variant with 
37.5 cm row distance.  

KEY WORDS
Lupinus angustifolius, Organic Farming, weed manage-
ment, yield, protein content, quality

INTRODUCTION
The cultivation of grain legumes in Germany declined 

in the last decade from 211 705 ha in 1999 to 79 000 ha in 

2009. The strongest decline in cultivation was recorded in 
peas, the acreage in 2009 was only 48 000 ha, represent-
ing 30% of the acreage compared to 1999. The acreage 
of faba beans is on a low, but relative constant level with 
an acreage of 12 000 ha in 2009. The cultivation area of 
lupins increased in the years 1999 to 2003 from 24 000
ha to 45 600 ha, but in subsequent years the acreage 
decreased continuously and was only 19 000 ha in 2009. 
In Germany, the most important lupin is the blue lupin 
(Lupinus angustifolius) due to the best tolerance against 
anthracnose compared to other lupin species. 

Legumes are essential in Organic Farming systems. 
Fodder legumes and grain legumes are needed for nitrogen 
fi xation as well as for the protein rich component in feed 
mixtures. Within the grain legumes, lupins have the high-
est protein and the lowest starch content, and lupins are 
suitable as protein feed for cattle, pigs and poultry.

In Organic Farming all three species of grain legumes 
had nearly the same level of acreage in the year 2009 (pea 
8 100 ha; faba bean 6 000 ha; lupin 7 800 ha). While in 
Organic Farming the acreage of beans has been fairly 
constant since 2003, the pea acreage has decreased for 
several years. The acreage of lupins showed an increase 
to approximately 12 000 ha in the years 2002 to 2006, but 
in subsequent years dropped down again. 

The percentage of grain legumes cultivated in Organic 
Farming, increased over the last decade. Therefore 17% of 
peas are grown on organically managed farms, but above 
all, 50% of faba beans and 40% of lupins are cultivated 
in the system of Organic Farming. So, grain legumes are 
of great relevance in the system of Organic Farming, and 
the percentage of cultivated grain legumes in Organic 
Farming is of great relevance for the cultivation of grain 
legumes in Germany.

However there are some problems with the cultiva-
tion of grain legumes in the system of Organic Farming. 
One of the main problems is high weed infestation in 
the cultivation of blue lupins in pure stand due to slow 
juvenile development and limited possibilities to control 
weeds in the system of Organic Farming. Mixed cropping 
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systems are a good alternative for weed suppression, but 
yield percentage of blue lupins in mixed cultivation is low 
(Böhm et al., 2008). Another possibility is the intensifi ca-
tion of weed management by hoeing, which can be used in 
later stages of growth, because the success of harrowing 
is often not suffi cient. Therefore a fi eld experiment was 
designed to examine the effect of hoeing in wider row 
distances in comparison to harrowing. 

MATERIAL AND METHODS
The fi eld experiment at the Experimental Farm Tr-

enthorst was conducted in the years 2006 to 2008 in a 
randomized block design with four replicates. The char-
acterisation of the site, cultivation details and the weather 
conditions are shown in Table 1. 

The experiment was designed with the following 
factors: row distance, variety, and seed density. In the 

row distance 12.5 cm the harrow was used once or twice 
depending on the weed level. In the plots with wider row 
distances (25.0 and 37.5 cm) the hoe was used for weed 
control. The two varieties Boruta (determined type) and 
Bora (branched type) were cultivated. The seed den-
sity was varied between the recommended seed density 
(100%: Boruta 130 seeds m-2, Bora 100 seeds m-2) and a 
reduced seed density of 75% of the recommended seed 
density (75%: Boruta 98 seeds m-2, Bora 75 seeds m-2). 
Plot size was 2.85 x 11.0 m. Yield was determined by 
a plot harvester (Fa. Haldrup, 1.75 m cutting width, 19.25 m²
plot size for harvest). Weed cover was determined by 
1 m² per plot in the percentage of weed cover. 

After drying and cleaning the harvest samples, sub-
samples were ground (Cyclotec 1093, Fa. Foss) to a particle 
size of 1 mm. Crude nutrients were scanned and predicted 
by near infrared refl ectance spectroscopy (NIRS) using 
the Fourier-Transform NIR spectrometer (NIRLab N-200, 
Fa. Büchi, Essen) in the spectral range from 1000 to 2500 
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nm applying a 1 nm stepping on the ground samples. Each 
sample was scanned three times and the spectra were 
averaged. Spectral data were exported to the NIRCal 
software (Büchi). Calibration equations developed for 
each constituent separately by partial least square regres-
sion technique (PLS) were used for prediction (Aulrich 
and Böhm, 2008) of the crude nutrients. The statistical 
characteristics of the calibration and validation set for the 
different crude nutrients are given in Table 2.

The statistical analysis was done by the SAS procedure 
PROC MIXED with the fi xed effects year, row distance, 
variety and seed density.

RESULTS AND DISCUSSION
The p-values of the statistical analysis are summa-

rized for the tested parameters yield, plants m-2, content 
of crude protein and protein yield in Table 3. There was 
a signifi cant effect of year and variety for all parameters, 
the seed density and the row distance showed a signifi cant 
effect for yield, plants m-2, and protein yield. But there 
are some interactions, in the most cases between year and 
variety as well as year and seed density.

In the year 2006 the yield was very low (1.90 t ha-1) 
due to high rainfall in springtime and a very late sow-
ing date at the beginning of May (Tab. 4). Higher yield 
in 2007 was attributed to the early sowing date, and the 
highest yield in 2008 was favoured by very good growth 

conditions during the growing season. But there were 
interactions between year and variety as well as between 
year and seed density (Tab. 4). 

The yield of the variety Boruta was higher compared 
to Bora (Tab 4). In northern Germany, the weather in 
late summer is often characterized by higher rainfall, so 
that a determined variety under these conditions, even in 
years with higher rainfall mature early enough and can 
be better harvested. The interaction of year and variety 
shows (Tab. 4), that in the year 2008 with dry weather 
conditions the branched variety Bora had a signifi cantly 
higher yield compared to the determined variety Boruta. 
This indicates that Boruta is a good variety for suboptimal 
conditions. The signifi cant effect of row distance showed 
that yield was the signifi cant lowest in the 37.5 variant, 
and yield of the 12.5 and 25 cm variants was on a higher, 
but comparable level. The reduced seed density resulted 
in lower yields in two of three years (Tab. 4). Only in the 
year 2007, the year with the very early sowing date, did 
the yield reach a comparable level. So it is risky to reduce 
the recommended seed densities. 

The results of the plants m² which were realized 
in the fi eld showed a signifi cant effect of row distance 
(Tab. 3 and 4). In spite of the same seed densities in all 
three row distances, the number of plants decreased 
with increasing row distance. This must be a result of an 
intraspecifi c concurrence. There are too many plants in 
the rows in the in the variants with wider row distances, 
so that the plants suppress each other. The interaction of 
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year and variety showed a smaller number of plants for 
the variety Bora in all of the three years, but only in one 
year was this effect signifi cant. The seeding density of 
Bora was lower compared to Boruta and so, it is not an 
unexpected result.

No signifi cant effects were given on weed coverage in 
the three years. Nevertheless there was the trend for some 
more weeds in the variants sown with the determined 
variety Boruta and in the variants with the reduced seed 
densities (Fig. 1). The lowest level was shown by the 
plots with 25 cm row distance. Thus it can be concluded 
that there is a higher radiation in the widest row distance 
(37.5 cm) and in the plots sown with the determined 
variety Boruta, so that weeds have better conditions for 
growing. The hoeing in the plots with 25 cm had a better 
effect for weed control compared to the harrowing in the 
12.5 cm plots.

The content of crude protein was not affected by 
the row distance and the seed density, but the statistical 
analysis showed signifi cant interactions between year and 
variety, year and seed density, and year and row distance 
(Tab. 4). Thus, in 2007, in contrast to the other two years, 
Boruta showed a higher protein content. Otherwise in 
this year there was no signifi cant difference between the 
both seed densities. No uniform trend was evident for the 
interaction of year and row distance.

The results for protein yield were similar to the results 
of yield (Tab. 4). Based on the effect of row spacing, the 
signifi cantly lowest yield showed the 37.5 cm variants, 
while the other two row widths were at a much higher 
and comparable yield level.
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ABSTRACT
The Belgorod region is the most developed agri-

cultural region of Russia and produces 1 063 600 t of
meat, including poultry meat – 624 900 t and pork – 387 
500 t year-1. This accounts for 11.0, 16.5 and 14.0% 
of Russian production respectively. By 2012, poultry 
production should be 800 000 t, and pork – production 
500 000 t.

White lupin (Lupinus albus L.) is the most promis-
ing grain legume for the Belgorod region. The seeds 
of this crop are 35-40% protein. In comparison with 
soybean (Glycine max L.) white lupin has a higher yield 
(3.0-4.0 t ha-1), and is  better adapted to the conditions 
of the Belgorod region.

There is a need for 326 000 t of white lupin seed for 
meat production from pigs, and poultry and for eggs. 
An area of 140 000 ha of arable land would be required 
to produce this quantity of lupin seed.

KEYWORDS
Lupinus albus L., meat, poultry meat, pork, carotene

RESULTS AND DISCUSSION

Climate and soils of Belgorod region.

The Belgorod region is located in the forest-steppe 
zone of the Russian Federation in the Central Russian 
upland, between the Dnieper and Don rivers.

The climate is moderate-continental. The average 
annual temperature changes by nearby +6oC. The period 
without frosts is about 155-160 days. The annual precipita-
tion is 540-550 mm. Arable land in the area is  more than 

1.6 x 10-6 ha. Chernozem soils occupy nearly 80% of the 
total arable land area of the region.

Meat production in Belgorod region.

The Belgorod region is the most developed agricultural 
area and produces 1 063 600 t of meat, including poultry 
meat of 624 900 t and pork at 387 500 t. This produc-
tion accounts for 11.0, 16.5 and 14.0% respectively of  
total Russian production. The aim is by 2012, to increase 
poultry production  to 800 000 t, and pork to 500 000 t 
(Figure 1).

Meat production is based on the use of modern tech-
nology of animal production and on the development of 
forage reserves.

This includes an increase in the area sown to grain le-
gumes and in the fi rst place, an increase in the  in soybean 
area which increased in all types of farms from 5 160 ha in 
2005 to 56 500 ha in 2010. However, soybean production 
is constrained by low productivity, high production costs, 
features of plant architecture and diffi culties encountered 
at harvest as well as the need to heat treat it at feeding.



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE150

Requirement of the agricultural enterprises of 
Belgorod region for a white lupine.

White lupin is the most promising grain legume for 
the Belgorod region. Its seeds are 35-40% protein and 
compared with soybean white lupin has a higher yield at 
3.0 to 4.0 t ha-1. Overall it is better adapted to the condi-
tions of the Belgorod region (Table 1). 

A total of 326 000 t of white lupin seed is necessary 
for production of pork, poultry meat and eggs. It will 
demand to increase the area of crops of a white lupine 
about 110 hectares to 140 000 hectares. White lupin can 
be included in the crop rotation: winter wheat – white 
lupin – winter (or spring) wheat. There is a limit of 20% 
white lupin in the rotation.

Problems and the basic directions in researches 
of a white lupine.

In this connection scientifi c problems encountered 
have been divided into four groups: 

1. breeding and seed-production,
2. cultivation technology,
3. storage and grain processing,
4. animal feeding including, poultry and fi sh.

The fi rst objective was to breed new forms of L. albus 
with stable maturity under the given climate conditions. 
A white lupin breeding program  and a comparative 
cultivar study was conducted in the Experimental Field 
of the Moscow Agricultural Timiryazev Academy in the 
Tambov region, located in the Central-Chernozem zone 
of Russia.

Early maturing white lupin cultivars have been ob-
tained, among them are Start, Gamma, Manovitskiy, 
Delta, Dega and Deter 1 with different plant architecture. 
These cultivars are offi cially certifi ed and registered 
in Russia after state testing. The cultivar breeders are 
employees of the white lupine laboratory. Cultivar char-
acteristic are presented in the paper by Gataulina and 
Medvedeva (2010).

Many experiments have been conducted by scientists 
at the white lupin laboratory and the Belgorod Institute 

of Agriculture. Farming systems and cultivation of white 
lupins have been worked out for the conditions of the 
region (Gataulina et al., 2009).

We searched for new lupin lines from the point of view 
of their future use. Chemical analysis of cultivars, and 
lines, showed prospects of line TV 2 for egg production.

This line contained more carotenoids compared with 
other cultivars. It would provide a daily dose of carotene 
for poultry. In this case their carotene contents would be 
normal for egg yolk egg formation and quality (Table 2).

We have continued to study microbial strains which, 
actively fi x atmospheric nitrogen and have begun work 
on the specifi c structure of weed components, and the 
diagnosis of diseases and insect pests of white lupin. 
The white lupin Laboratory has conducted a series of 
experiments.

The partial replacement of soya in mixed animal feed 
by white lupin allowed increased broiler weights with an 
increased daily average weight gain (Table 3, 4).

Soya has also been replaced by white lupin in other 
experiments. It has shown that it is possible to decrease the 
content of soya and a fi sh fl our in diets of laying hens.

Application of a white lupine in feeding of a bird has 
allowed:

– to increase daily additional weights and weight of 
a poultry, weight of a chest muscle and its share in 
lump 

– to increase weight of 1 egg, 
– to reduce expenses of a forage for manufacture of 10 

eggs and 1 kg of weight of eggs.
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ABSTRACT
Bitter white lupin (Lupinus albus L.) with relatively 

high alkaloid content is an ancient multipurpose crop 
in Ethiopia. To fi nd an alternative low alkaloid lupin 
for Ethiopia an experiment was conducted to evaluate 
the adaptability and productivity of sweet lupins at 
four locations. In summer 2009, fourteen sweet white, 
blue and yellow lupins cultivars and two bitter white 
cultivars, including the Local Landrace, were tested in 
randomized complete block design with three replica-
tions. Except for yellow entry at the Kossober-1 location, 
the Local Landrace either had similar (P ≥ 0.0513) 
or higher (P ≤ 0.0316) forage yield than white, yellow 
and blue entries in the other three locations. Compared 
to blue and white entries yellow lupin had a higher 
(P ≤ 0.0316) forage yield at Kossober-1 but had similar 
(P ≥ 0.3635) forage yield at the other three locations. 
Compared to white and yellow cultivars, blue cultivars 
had a higher (P ≤ 0.0350) seed yield across all locations. 
In terms of seed yield at Finoteselam the local cultivar 
out yielded (P ≤ 0.0008) all the sweet lupin groups. This 
study showed that there is a high potential to cultivate 
sweet annual lupins in the traditional lupin growing 
areas of Ethiopia.

KEY WORDS
sweet lupins, adaptability, alkaloid, forage yield, seed 
yield, Ethiopia

INTRODUCTION
White lupin (Lupinus albus L.) is a traditional crop in 

Ethiopia and is a very important multipurpose crop in the 
mixed crop livestock farming system of the area (Yeheyis 
et al., 2010). Under traditional management system the 
grain yield of this crop is 1.2 t/ha. However, the use of the 
crop as livestock feed and human food is limited due its 
relatively high alkaloid content (1.4%). Adaptation trials 

in Africa showed that there is a possibility to grow sweet 
lupins (≤ 0.02% alkaloid content) in high potential areas 
of Africa (Muyekho, 1999; van der Mey, 1999).  Though 
feed and food are pressing problems in Ethiopia, intro-
duction of sweet annual lupins and evaluation of their 
adaptability under Ethiopian condition has not been done. 
Thus, this adaptation trial was conducted to evaluate the 
adaptability and productivity of different cultivars of three 
sweet annual lupin species: white, yellow (Lupinus luteus 
L.), and blue lupin (Lupinus angustifolius L., in four lupin 
growing areas of Ethiopia.

MATERIALS AND METHODS
Description of study areas

The experiment was conducted at Merawi (11.270N 
37.560E), Finoteselam (10.840N 37.360E), Kossober 1 and 
2 (10.850N 36.800E) in Ethiopia. The altitude for Merawi 
and Finoteselam locations is 2095 and 1935 m, respectively; 
these sites represent the mid-altitude (relatively warm) lupin 
growing area. The altitude for Kossober 1 and Kossober 
2 locations is 2610 m and represent the high-altitude (rela-
tively cold) lupin growing area. The soil type for Merawi 
and Finoteselam was a Nitosol, whereas in Kossober it was 
an Acrisol. The soil pH at Merawi, Finoteselam and Kos-
sober was 4.8, 5.3 and 4.8, respectively. The 10-yr-average 
total annual rainfall (mm) in Merawi, Finoteselam and 
Kossober is 1602, 1189, and 2348, respectively. 

Planting and experimental design

This experiment was conducted from June 2009 to 
January 2010. For the experiment a total of sixteen annual 
lupin cultivars of three species were used.  The white Local 
Landrace was included as a local check. Cvs. ̀ Fortuná  and 
`Feodorá  white lupin seed was obtained from Südwest-
deutsche Saatzucht, Germany. The seed source for white 
lupin `L-1082 ,́ `L-1057 ,́ ÀU-Alpha ,́ and ÀU-Homer´ 
was Auburn University, Alabama, USA. For all blue lupin 
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cultivars (`Borá , ̀ Boregine ,́ ̀ Borlu ,́ ̀ Borut ,́ ̀ Haags Blaue ,́ 
`Probor ,́ ̀ Sanabor ,́ ́ Vitabor´) and the yellow ̀ Bornal´ the 
seed source was `Saatzucht Steinach GmbH ,́ Germany. 
There were 14 sweet (low alkaloid) and the two bitter 
(high alkaloid) Local Landrace and ÀU-Homer .́ The 
sixteen cultivars were arranged and planted in a random-
ized complete block design with three replicates at all four 
locations. The plot size was 1.2 × 4 m. Spacing was 7 cm 
between within rows and 30 cm between rows. In all test-
ing sites planting was done at the beginning of the main 
rainy season from July 2-15, 2009. Each plot was divided 
in half crosswise with an effective plot size of 1.2 × 2 m. 
One half was used for forage sampling and the other for 
seed sampling. In both cases the sampling was done from 
the middle two rows excluding the border rows. Forage 
samples were dried in a forced air oven at 65 C till constant 
weight for DM determination. The seed samples were air 
dried to constant weight. 

Data analysis 

Variance analysis was done using mixed models proce-
dures as implemented in SAS version 9.2.2 (2003) PROC 
GLIMMIX where location, cultivar, and the two-way 
interaction were fi xed effects. The sole random effect was 

block (location). R-side modeling was used to account for 
heterogeneous variances among species and/or locations 
and provide for an adequate residual variance structure 
based on a Corrected Akaike’s Information Criterion 
(AICC). Because the location x cultivar interaction was a 
signifi cant source of variation for all traits P < 0.0001), the 
eight contrasts of interests among cultivars were assessed 
for each location using the LSMESTIMATE statement in 
the above named procedure. 

RESULTS AND DISCUSSION
Forage yield 

Cultivar x location interaction effect was signifi cant 
(P ≤ 0.0001) for all variables. The bitter entries, Local 
Landrace and ÀU-Homer ,́ had the highest forage yield at 
mid and high-altitude locations, respectively (Table 1). As 
a group, blue lupin entries were quite consistent in their 
forage yield, which ranged from 0.7 t/ha to 1.6 t/ha (data 
not shown). There was no difference (P ≥ 0.0513) in forage 
yield between the Local Landrace and white group except 
at Merawi. The Local Landrace had higher (P ≤ 0.0214) 
forage yield than blue group at mid-altitude locations but 
had similar (P ≥ 0.0554) forage yield in the high-altitude 
locations. Forage yield of white sweet lupins was compa-
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rable to the yield reported by Muyekho (1999) (2.5 t/ha) 
and Bhardwaj et al. (2010) (from 0.8 to 2 t/ha). However, 
the forage yield in this study was lower than reported by 
Mihailovic et al. (2008) (8.7 t/ha) for white lupin in Serbia. 
Since it is unpalatable the highest forage yielder, Local 
Landrace, can be used as green manure. According to 
Takunov and Yagovenko (1999) green manuring of yellow 
lupin increased rye grain yield by 77and 25 % over the fal-
low and NPK applied plots, respectively. White and blue 
groups had similar forage yield at Merawi and Kossober-2 
but the former had higher (P = 0.0328) forage yield than 
the later group at Finoteselam. Yellow lupin had consistent 
forage yield across locations ranging between 1.4 and 2.9 
t/ha. Yellow lupin entry had higher (P ≤ 0.0316) forage 
yield than white and blue groups at Kossober-1 but there 
was no signifi cant difference (P ≥ 0.3635) at the other three 
locations. Generally the lower forage yield from most white 
lupins in the highland locations could be associated with the 
extended higher rainfall. In addition Fusarium wilt could 
be another factor for the lower seed yield performance of 
white lupins in the high-altitude locations. 

Seed yield

The overall seed yield performance of the different 
lupin entries was better at the high-altitude locations than 

at the mid-altitude locations indicating that the inherent 
productivity of lupin is higher in the cool highland areas 
of Ethiopia (Table 2). According to Yeheyis et al. (2010) 
under traditional management system the average grain 
yield of local white lupin is 0.9 and 1.5 t/ha in the mid and 
high-altitude areas of Ethiopia, respectively. At all loca-
tions the Local Landrace, all blue entries and the yellow 
entry had consistent seed yields. However, the seed yield 
of other white entries across locations was poor. Heidel 
(2005) reported that the current seed yield of white lupin 
in Germany is 3.5 t/ha. Among blue entries Vitabor had 
the highest seed yield at high-altitude locations exceeding 
the Local Landrace by 4.5 and 1.9 t/ha at Kossober-1 and 
Kossober-2 locations, respectively. However, at the mid-
altitude locations blue `Borlu´ and the Local Landrace 
had the highest seed yield. The seed yield of blue lupins 
at the mid-altitude locations in this study was in line with 
the report by Heidel (2005) (2 t/ha) but was higher at the 
high-altitude locations. Compared to the other white lupins 
the Local Landrace had either similar seed yield at Kos-
sober-1 or had higher (P ≤ 0.0150) seed yield in the other 
three locations. At mid-altitude blue entries had either 
similar seed yield at Merawi or had lower (P = 0.0008) 
seed yield at Finoteselam when compared to the Local 
Landrace. In contrast, at high-altitude locations blue lupins 
had either higher (P = 0.0044) seed yield at Kossober-1 or 
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similar seed yield at Kossober-2. As a group, blue entries 
had higher (P ≤ 0.0350) seed yield than white and yellow 
entries across locations. The relatively good performance 
of blue lupins in all locations compared to the other spe-
cies with in location shows the wider adaptability of blue 
lupins. According to Spencer (2002) compared to white 
and yellow lupins, blue lupin can grow in different types 
of soils. Yellow lupin had outyielded (P ≤ 0.0476) white 
group at Merawi and Kossober-1. Except at Finoteselam 
the seed yield of yellow lupins was similar with the report 
by Heidel (2005) (1.2 t/ha). 

CONCLUSIONS AND 
RECOMMENDATIONS

The forage and seed yield performance of most sweet 
lupin cultivars evaluated were fairly good. Among sweet 
cultivars sweet white lupins and yellow entry were the best 
forage yielders at the mid and high-altitude locations, re-
spectively. In all locations most blue lupins performed well 
but blue cultivars ́ Vitabor ,́ ̀ Probor ,́ ̀ Sanabor´ and ̀ Bora´ 
were the highest seed yielders. According to the results of 
this study for seed yield blue lupins are best adapted under 
the Ethiopian traditional lupin growing area. White lupin 
was found to be sensitive to Fusarium wilt. 

ACKNOWLEDGEMENT
The fi rst author would like to acknowledge DAAD for 

a PhD scholarship award. We are grateful to Mr. Tamiru, 
Tefera, Mesfi n, Wubet, Jemal, Baye, Andualem and Cheri-
net, for their help during the fi eld work.  Special thanks 
go Saatzucht Steinach GmbH and Südwestdeutsche 
Saatzucht for providing us seeds. We would like to thank 
also the Rural Capacity Building Project, Ethiopia, and 
the Eastern and Southern Africa Partnership Program 
(ESAPP), Switzerland, for their fi nancial support of the 
fi eld work.

REFERENCES
Bhardwaj H.L., Starner D.E., van Santen E. 2010. Prelimi-

nary evaluation of white lupin (Lupinus albus L.) as 
a forage crop in the Mid-Atlantic regions of the United 
States of America. Journal of Agricultural Science 2, 
No. 4, 13-17.

Heidel W. 2005. Experiences with monitoring and control 
of anthracnose in lupin in the state of Mecklenburg-
Western Pomerania, Germany. In: E. van Santen and 
Hill G.D. (Eds.). Mexico, where old and new world 
lupins meet. Proceedings of the 11th International 
Lupin Conference, Guadalajara, Jalisco, Mexico. 4-9 
May, 2005. International Lupin Association, Canter-
bury, New Zealand. pp. 124-127.

Muyekho F.N. 1999. A review on evaluation and agron-
omy of promising lupin cultivars in Kenya. Farmers, 
their animals and the environment. ILRI on disc, 
a joint FAO/ILRI production.

SAS. 2003. Statistical Analysis System. Version 9.2.2. 
SAS Institute Inc., Cary, NC, USA.

Spencer C. 2002. Lupins. Technical report on lupin pro-
duction. Springdale Crop Synergies Ltd.East York-
shire, UK.   http://www.ienica.net/crops/lupins.pdf 

Takunov I.P., Yagovenko L.L. 1999. Yellow lupin (Lupinus 
luteus L.) as a green manure crop preceding winter 
rye (Secale cereale L.). In: E. van Santen, M. Wink, 
S. Weissmann and P. Roemer (Eds.). Lupin, an ancient 
crop for the new mellenium. Proceedings of the 9th 
International Lupin Conference, Klink/Muritz, 20-24 
June, 1999. International Lupin Association, Canter-
bury, New Zealand. pp. 199-200.

van der Mey J.A.M. 1999. Matching sweet white lupin 
(Lupinus albus) cultivar groups and environments in 
the summer rainfall areas of Southern Africa. In: E. 
van Santen, M. Wink, S. Weissmann and P. Roemer 
(Eds.). Lupin, an ancient crop for the new mellenium. 
Proceedings of the 9th International Lupin Confer-
ence, Klink/Muritz, 20-24 June, 1999. International 
Lupin Association, Canterbury, New Zealand. pp. 
176-181.

Yeheyis L., Kijora C., Melaku S., Girma A., Peters K.J. 
2010. White lupin (Lupinus albus L.), the neglected 
multipurpose crop: Its production and utilization in 
the mixed crop-livestock farming system of Ethiopia. 
Livestock Research for Rural Development. Volume 
22, Article #74. 

Yeheyis L., Kijora C., Wink M. Peters K.J. 2011. Effect 
of a Traditional Processing Method on Chemical 
Composition of Local White Lupin (Lupinus albus 
L.) Seed in North-Western Ethiopia. Zeitschrift für 
Naturforschung. 66c (In Press). 



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE156

In: B. Naganowska, P. Kachlicki, B. Wolko (eds.) 2011. ‘Lupin crops – an opportunity for today, a promise for the 
future’ Proceedings of the 13th International Lupin Conference, 6-10 June 2011, Poznań, Poland. International Lupin 
Association, Canterbury, New Zealand. ISBN 978-83-61607-73-1.

TEMPERATURE EFFECT ON SEED GERMINATION 
OF LUPINUS ALBUS, LUPINUS ANGUSTIFOLIUS 

AND LUPINUS LUTEUS

F. Gresta1*, M. Monti1, C. Santonoceto1, A. Pristeri1, A. Cristaudo2

1 Dipartimento di Biotecnologie per il Monitoraggio Agro-alimentare ed Ambientale (BIOMAA) Università 
Mediterranea di Reggio Calabria Loc. Feo di Vito, 89122 Reggio Calabria, Italy

2 Dipartimento di Biologia “Marcello La Greca” – Università degli Studi di Catania Via Valdisavoia, 95123 
Catania, Italy

*Corresponding author’s email: fgresta@unirc.it

ABSTRACT
In order to evaluate germination response to tem-

perature of two varieties of Lupinus albus L. (‘Luxor’, 
‘Rosetta’), L. angustifolius L. (‘Jindalee’, ‘Sonet’) and 
L. luteus L. (‘Dukat’, ‘Mister’), seeds were subjected 
to seven different germination temperatures from 
5°C to 35°C with step of 5°C. Germination percentage 
and Mean Germination Time (MGT) were evaluated. 
Radical elongation was also measured at temperature 
of 20°C.

L. albus showed an optimal temperatures range 
from 10 to 30°C with germination next to 100% and 
with a MGT decreasing from 10 to 3 days in the same 
temperature range. Among varieties, in L. albus, ‘Ro-
setta’ seems to be more tolerant to extreme (low and 
high) temperatures compared to ‘Luxor’. L. angusti-
folius and L. luteus showed full germination from 5 to 
25°C, while at temperatures over 30°C germination 
lower than 50% was recorded. MGT ranged between 
9 and 2 days. In L. angustifolius, ‘Jindalee’ was less 
tolerant of ‘Sonet’ to highest temperatures and in 
L. luteus, ‘Dukat’ showed better germination response 
to high temperatures compared to ‘Mister’. Root elon-
gation varied in relation to varieties.

KEY WORDS
seed germination, temperature, Lupinus albus, Lupinus 
angustifolius, Lupinus luteus, root elongation

INTRODUCTION
Lupins are a very interesting group of species both 

from an agronomic and nutritional point of view (Gresta 
et al., 2010). One of the major constraints for the establish-
ment of lupin seedling is the temperature of germination. 

Early planting is strongly recommended since it is corre-
lated with earlier and longer fl owering and yield is closely 
related with the duration of fl owering (Faluyi et al., 2000; 
Keeve et al, 2000). Above all in Mediterranean environ-
ments, early sowing ensures a pod set before rising of the 
temperatures in late spring with consequence water stress 
and small seed set. At the same time a rapid germination 
allows a good emergence and vigorous seedling growth, 
avoiding problem of fungal disease. Growth is slower 
during the cold winter months and if seedlings are not 
already established they may struggle with brown spot. 
For all these reasons the knowledge of the best germina-
tion temperature requirements of lupin species may help 
farmer to choose the most suitable planting date. Although 
some information is available on perennial lupins (Styk, 
1970; Davison and Barbour, 1977; Mackay et al., 2001), 
very scarce information is available on germination tem-
perature requirements of annual lupin species.

The present research was carried out with the aim of 
exploring the best germination temperature of three an-
nual widely cultivated lupin species.

MATERIALS AND METHODS
Germination test was performed on two sweet cul-

tivars of L. albus (‘Luxor’ and ‘Rosetta’), L. angustifo-
lius (‘Jindalee’ and ‘Sonet’) and L. luteus (‘Mister’ and 
‘Dukat’) using seed harvested in Sicily (Italy) in 2008. 
Four replications of 25 seeds were placed on fi lter paper 
(Whatman no. 3) in 9 cm diameter Petri dishes and 
moistened with 5 ml of distilled water. Petri dishes were 
placed in the Plant Growth Chamber (Sanyo MLR-351H) 
at seven different constant temperatures (from 5 to 35°C 
with step of 5°C) in continuous darkness. The incubators 
maintained the designated temperature within ± 0.3°C. 
The fi lter paper was replenished as needed during the 
assay. Seed germination was scored every 24 hours for 
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15 days under a green safe light. Germinated seeds (radicle 
protrusion > 2 mm) were counted and removed from the 
Petri dishes. At the end of the trial, the fi nal germination 
percentage was calculated from the total number of seeds 
germinated divided by the total number of seeds tested 
multiplied by 100.

Seed vigour was also evaluated on the basis of Mean 
Germination Time (MGT) was calculated using the rela-
tion

MGT = Σ( fx)/ Σ x

where x is the number of daily germinated seeds, and f 
is the number of days after the experiment started. MGT 
was not calculated for any sample with less than 10% 
germination. No fungicide treatment was applied to avoid 
possible interference on seeds germination. 

Root elongation was also measured manually at 20°C 
every 24 hours for 9 days placing ten seeds for each spe-

cies in 150 mm Petri dishes. The measurements start the 
day after the seeds were placed in the incubators.

RESULTS AND DICUSSION
All the studied varieties showed high germination 

percentage. L. albus showed the widest range of optimal 
temperatures with germination next to 100% from 10 to 
30°C (Fig. 1). Among the varieties ‘Rosetta’ proved to 
be more tolerant than ‘Luxor’ to extreme temperature 
showing a higher germination percentage at 5°C (61% vs 
18%) and at 35°C (95% vs 74%). Incubation temperature 
strongly affected Mean Germination Time refl ecting the 
course of the germination percentage. From 5 to 20-25°C 
decreased from 10 to about 3 days, without relevant dif-
ferences between the two varieties. The temperature of 
20-25°C can be considered the most suitable germination 
temperature for this species since at these temperature 
the highest percentage of germinated seed was associated 
with the lowest MGT. L. angustifolius showed full germi-
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nation from 5 to 25°C, while at temperatures over 30°C 
germination decrease to values lower than 60%. Between 
the two varieties ‘Jindalee’ seems to be more tolerant to 
lowest and highest temperatures compared to ‘Sonet’. The 
MGT of these varieties ranged from 9 to 2 days. The best 
germination temperatures were 20-25°C, in agreement 
with Dracup et al., (1993) that indicated 20°C as optimum 
temperature for L. angustifolius germination. The two 
varieties of L. luteus, ‘Dukat’ and ‘Mister’, showed a 
similar response in terms of germination temperature and 
MGT, although ‘Dukat’ showed a minor tolerance to high 
temperatures, with a decreasing trend of germinated seed 
starting from 25°C. Best temperatures can be considered 
20-25°C for ‘Mister’, and 20°C for ‘Dukat’. 

Root elongation in the fi rst 9 days after the seed was 
placed in Petri dishes, showed a similar trend for all the 
varieties (Fig. 2). On average no relevant difference has 
been found between lupin species. Within species, in L. 
albus ‘Luxor’ root elongation was more vigorous com-
pared to ‘Rosetta’ (81 mm vs 37 mm after 9 days), in L. 
angustifolius ‘Jindalee’ showed a faster root growth (94 
mm) than ‘Sonet’ (57 mm) while in L. luteus no relevant 
difference emerged between the two studied varieties.
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SUMMARY
This paper reports on the level of yielding in nar-

row–leafed lupin cultivated in the period of conver-
sion to the organic production system. The study was 
carried out in 2007-2009 on experimental fi elds of the 
Institute of Plant Protection – National Research In-
stitute. The following factors were taken into consid-
eration in the experiments: I – production systems: 
conventional, organic (in conversion); II – sowing 
method: recommended sowing rate (100 seeds·m-2 
branching plants; 120 seeds·m-2 no branching plants); 
high sowing rate (140 seeds·m-2 branching plants; 160 
seeds·m-2 non-branching plants); III – narrow-leafed 
lupin variety: Zeus (branching), Boruta (non-branch-
ing); each experimental factor was examined in four 
replications. Experimental plots of the organic sys-
tem, that had been used in studies on weed species 
infestation, were subjected twice to post-emergence 
harrowing with a weeding harrow and plots of the 
conventional system were sprayed with herbicides 
and fungicides. 

The results of the present study revealed that at 
the time of conversion from the conventional produc-
tion system to the organic one yielding was lower by 
42% in 2007 and 37% in 2008 as compared to con-
ventional cultivation. Considering the period of con-
version from the conventional production system to 
organic it was observed that cv. Boruta gave higher 
yields when compared with cv. Zeus. Increasing the 
sowing rate caused an increase of yield levels as a re-
sult of a higher density of lupin plants and lower weed 
infestation.

KEY WORDS
lupin, weed control, organic farming

INTRODUCTION
This paper examines factors infl uencing yield of 

narrow–leafed lupin grown in agriculture during the pe-
riod of arable land conversion into the organic farming 
system. In recent years, organic farming has developed 
greatly and now represents an important sector of agri-
culture. Originally, organic farming was fi rst of all an 
ideological concept belonging to the alternative culture, 
in contrast with the current models of economic devel-
opment and social organization. Today organic farming 
has become a well-established production system (Mari-
otti et al. 2006). 

The aim of the study was to determine the level of 
narrow-leafed lupin yielding when cultivated in the pe-
riod of conversion to the organic production system.

MATERIAL AND METHODS
The study was carried out in 2007-2009 on experi-

mental fi elds of the Institute of Plant Protection – National 
Research Institute. The following factors were taken into 
consideration in the experiments: I – production systems: 
conventional, organic (in conversion); II – sowing meth-
od: recommended sowing rate (100 seeds·m-2 branching 
plants; 120 seeds·m-2 non-branching plants); high sowing 
rate (140 seeds·m-2 branching plants; 160 seeds·m-2 non-
branching plants), of which seeds were sown in the sec-
ond decade of April (18.04.2007; 17.04.2008; 09.04.2009); 
III – narrow-leafed lupin variety: Zeus (branching), Boru-
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ta (non-branching). The trials were carried out using a plot 
size of 16.5 m2 (1.5 × 11 m) and 4 random replications. 
The three-factorial fi eld experiment was to refl ect typical 
agricultural conditions.

Seeds for researches were obtained from Breeding 
Stations in Przebędowo, belonging to Plant Breeding 
Smolice Ltd., Co. All seeds before sowing were inocu-
lated with nodule bacteria of the genus Bradyrhizobium 
sp. (Nitragina). Experimental plots of the organic system 
were allocated in 2006 out of a part of a fi eld, on which 
conventional yield production system had been applied 
for many years. Fertilization of organic plots was pro-
vided before sowing: Ca - 160 kg·ha-1; MgO - 40 kg·ha-1 
(PRP SOL) and foliage administered trace elements: K, 
Mg, Na, Cu (PRP® EBV Eau Bleu® Vegetal). Plants were 
sprayed with a fungicide containing sulphur at the dose 
of 1.600 g·ha-1. Experimental plots of the organic system 
that had been studied were subjected twice to post-emer-
gence harrowing at the lupin phase of 2-4 leaves (BBCH 
scale 12-14) and 6-8 leaves (BBCH 16-18). 

Experimental plots of the conventional system were 
mineral fertilized: N–12 kg·ha-1; P–56 kg·ha-1; K-80 kg·ha-

1; Ca-88 kg·ha-1; Mg-8 kg·ha-1 (Amofosfag) and foliage 
trace elements: N, P, K, Mg (Basfoliar 12–4–6). Seed 
dressing with carboxin + thiram (Vitavax 200 FS) was 

applied. Plant protection in conventional experimental 
plots was provided according to the recommendations. 
The herbicides were applied in a tank mix of metamitron 
at 2.100 g·ha-1 (Goltix 70 WG) + pendimethalin at 990 
g·ha-1 (Stomp 330 EC) in 2007, while in 2008 only meta-
mitron was used at 2.800 g·ha-1 (Goltix 70 WG). Plants 
were sprayed with a fungicide containing chlorothalonil 
at the dose of 1.000 g·ha-1 (Bravo 500 SC) in both years.

RESULTS AND DISCUSSION
The average yield of the narrow-leafed lupine (cv. 

Zeus) ranged from 2.08 hkg·ha-1 in the period of the con-
version to the system of the organic production at the 
standard sowing density to an average 12.03 hkg·ha-1 at 
the conventional cultivation of narrow-leafed lupine (cv. 
Boruta) at the increased sowing density (Tab. 1). 

 Weather conditions caused signifi cant differences 
in yields. For a three–year period of our research the 
amount of precipitation from the beginning of April to 
the end of July was suffi cient for the development of nar-
row-leafed lupine plants (316, 120, 264 mm); however, 
the amount of precipitation in individual decades of the 
months was disadvantageous (Tab. 2). The most benefi -
cial weather conditions were observed in 2008 despite 
the smallest amount of precipitation. Then the yield per 
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plots was the highest. The least advantageous growing 
season was recorded in 2009. Weather conditions during 
the growing season infl uenced effectiveness of weeding 
treatments. 

In 2007 applying double harrowing on the plots dur-
ing the period of conversion to the organic system made 
it possible to reduce considerably the biomass of segetal 
plants (1292.48 g·m-2) in comparison to the objects of the 
conventional herbicide cultivation (1695.86 g·m-2). In the 
second year of our study a signifi cantly smaller biomass 
of weeds was recorded in the conventional cultivation 
system (283.68 g·m-2) in comparison to conversion into 
the organic system with 508.76 g·m-2 (Krawczyk et al., 
2010). In 2009 a combine could not be used to harvest 
the yields because of strong weeding (organic system: 
3316.60 g·m-2; conventional system: 4134.40 g·m-2). Then 
a small amount of precipitation in April and the fi rst two 
decades of May was the cause of a lack of herbicide ef-
fectiveness in conventional production. High precipita-
tion in the third decade of May and in June was the cause 
of the low effectiveness of weeding harrow application 
in the organic production system. Jensen et al., (2004) 
in a fi eld experiment observed more or less failed weed 
control after weed harrowing as a result of late weed 
emergence provoked by dry soil conditions from seed-
bed preparation until the end of May, followed by exces-
sive precipitation in June.

The results of the present study revealed that at the 
time of conversion from the conventional production 
system to the organic one yielding was lower by 42% 
in 2007 and 37% in 2008 as compared to conventional 
cultivation.

On the plots, where seeds of the narrow-leafed lupine 
were sown at an increased density the yield was larger, 
also weed infestation was signifi cant smaller. Cultivar 
Zeus variety is a branching form. For lupines in branch-
ing forms it is recommended to apply a smaller sowing 
density (about 20% lower) in comparison to the forms 

which are not branching. It is characteristic of lupine 
that it grows slowly and covers the ground poorly in the 
initial growing period. In this time it is poorly competi-
tive with regard to weeds, therefore a smaller amount 
of seeds in the branching form was the reason of more 
intensifi ed weed spreading. In the two tested cultivars 
considerable differences were observed in the yield lev-
els. The yield of cv. Boruta was signifi cantly higher in 
comparison to cv. Zeus. 

Phytopathological assessment of the plants revealed 
disease symptoms of infestation, especially with anthra-
cnose (Colletorichum lupini) on leaves and pods in 2007. 
The highest temperatures in the study period, observed 
in May, June and July, and high precipitation favoured 
the development of the disease. In the conventional sys-
tem, signifi cantly smaller leaf and pod infestation with 
anthracnose was noted and also, depending on the sow-
ing rate, higher leaf and pod infestation of lupin in more 
densely sown plants was statistically demonstrated. The 
results of phytopathological assessment partially coin-
cide with the yield obtained in the conventional farming 
system, where the percentage of infested leaves and pods 
was lower than in the organic system, and higher yields 
were obtained. Depending on sowing rate, no signifi cant 
differences were observed in the seed yield of narrow-
leafed lupin. The comparison of infestation of lupin cul-
tivars with anthracnose showed a greater percentage of 
the infested leaf and pod area in Boruta, the non-branch-
ing cultivar. No statistically signifi cant differences in 
yields were noted between the examined cultivars.

During the experiments on narrow-leafed lupin, root 
rot caused by fungi of the genus Fusarium was observed 
on stems near the ground surface (in the years 2008 and 
2009). The percentage of plants infested with root rot in 
2008 was 90%, and in 2009 – 16%. Differences were 
recorded in the number of infested plants in the con-
ventional and organic systems and depending on plant 
cultivar; however, they were not statistically confi rmed. 
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Generally in the organic system in the years of the study 
6% more infested plants were observed than in the con-
ventional system, while cv. Zeus was on average by 
4% more infested in comparison with Boruta, the non-
branching cultivar. It is confi rmed by the yield harvested 
in the experiment, which was higher in the conventional 
system by 3.2 hkg·ha-1 than in the organic system. High-
er lupin yields were also recorded in cv. Boruta, where 
the percentage of infested plants was lower in both years 
of the study. The percentages of infested plants densely 
and optimally sown were very similar in these two years 
of the study. The obtained yield was not statistically dif-
ferent also depending on the applied farming system.

In 2008 the incidence of leaf spot caused by Stem-
phylium botryosum was noted, but it was not signifi cant-
ly different depending on the farming system, sowing 
rate and cultivar.

A lower incidence of the diseases, and especially of 
anthracnose on leaves and pods, was found in the con-
ventional system than in the organic system. It is con-
fi rmed by higher yields of lupin cultivated in the conven-
tional system. A similar relationship was demonstrated 
for the percentage of plants infested with root rot, which 
was lower for cv. Boruta, which produced greater yields. 
Depending on sowing rate, no relationship was found 
between the diseases occurring during the plant vegeta-
tion period and yield.

CONCLUSIONS
1. Yield of narrow-leafed lupin during the period of ar-

able land conversion into organic farming system was 
on average lower by 39% as compared to conventional 
cultivation.

2. Increasing the density of seeds up to 140–160 m2 af-
fected the height of yields.

3. A lower incidence of the diseases on leaves and pods 
was found in the conventional system than in the 
organic system. 

4. The density of sowing rate did not affect pathogen 
infestation.

5. The non-branching variety (Boruta) gave higher yields 
compared with the branching variety (Zeus)

6. Weather conditions caused signifi cant differences in 
yields of narrow-leafed lupin.
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ABSTRACT
Food proteins are the source of amino acids for the 

body. Moreover, protein-rich diets may play benefi cial 
effects in various conditions, including senescence, 
pregnancy and lactation, body growth of adolescents 
and athletes, disease recovery, etc. Lupin seeds, with 
their high protein content, are a valid alternative, 
among the existing dietary protein sources, for food 
protein enrichment. In addition to that, the novel con-
cept that some proteins or their fragments per se may 
play benefi cial effects to the physiology of human body 
and in a number of pathological conditions, including 
diabetes, metabolic syndrome, hypertension, obesity, 
cardio-vascular diseases, is emerging. In our study on 
lupin γ-conglutin, the direct cause/effect relationship 
between the active principle and its ability to reduce 
blood glucose concentrations upon oral administration 
in animal models and human subjects has unequivo-
cally been assessed. Other researches concern some 
relevant molecular and functional features of the 
protein, such as resistance to proteolysis, absorption/
transit through cells, potential receptor interaction 
patterns, etc. Further ongoing research activities aim 
at unveiling the mechanism(s) by which this lupin 
protein can exert its biological activity, with the fi nal 
goal of exploiting it for the glucose control in diabetic 
and pre-diabetic subjects.

KEY WORDS
bioactive proteins, nutraceutics, protein metabolic fate, 
Lupinus albus

INTRODUCTION
The consumers’ awareness on the major role of diet 

and nutrition in determining human health and well 
being is spreading worldwide and deeply pervading the 
modern societies. Concomitantly, nutritional sciences are 
becoming more and more molecularly-based: novel effects 

on physiological functions brought about by specifi c food 
components are being described every day. As a result, 
the numerous health claims which spread around the glo-
balised planet are having a great impact. In this respect, 
it should be emphasised that the role of the nutritional 
science branch, which is currently referred to as “nutra-
ceutics”, in driving consumers’ habits toward attainable 
healthy trails is crucial. In particular, more research work 
and sound scientifi c dissemination on the physiological 
effects of specifi c food components should be sought.

This presentation reports the unique role of one of 
the lupin proteins in the physiology of human body in 
order to illustrate our “molecular nutraceutic” concept 
and its potential for a sensible exploitation of this rare 
food source.

Dietary proteins and their multiple role in 
human physiology

Food proteins are the source of amino acids for the 
body, being degraded by a set of proteolytic enzymes 
during their transit through the gastro-intestinal tract. Ne-
vertheless, modern human physio-pathology admits that 
not all proteins undergo complete degradation to free ami-
no acids: certain whole proteins, or large fragments there-
of, such as lectins, protein inhibitors, disulphide-knotted 
proteins, etc. are intrinsically resistant to proteolysis and 
may preserve covalent structure or even (partially) native 
conformation in the gut. Various undigested or partially 
digested proteins are known to play detrimental effects to 
the human body, such as those exerted by food allergens, 
enzyme inhibitors, gluten proteins (celiac disease) and 
others involved in food intolerances.

Thus, there is no reason to exclude that benefi cial 
effects can be brought about by other proteins or their 
fragments, too, as it is well documented for various milk 
and plant peptides.

On this basis, a growing body of evidences on the 
role of proteinaceous bioactive compounds are expected 
to accumulate in the near future.
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Lupin seeds as a food source of dietary proteins

It is well known that lupin seeds are one of the richest 
sources of dietary proteins. Their “canonical” role as 
a nutrient will not be discussed here. 

The techno/functional properties of lupin proteins 
have been studied since long, although a systematic mo-
lecularly-based approach to their use as food ingredients 
is still missing. Despite this limitation, an increasing 
demand for lupin proteins as food ingredients for the im-
provement of food nutritional and technological properties 
is being recorded.

The main proteins of lupin seeds are located in the 
reserve vacuoles of the cotyledonary tissues and most, 
but not all, belong to the family of the storage proteins. 
The globulin class represents roughly 90% of lupin seed 
proteins and consists of four main protein types termed α, 
β, γ- and δ-conglutins on the basis of their electrophoretic 
mobility. These protein types correspond to the canoni-
cal 11S, 7S and 2S seed globulins based on the growing 
set of available amino acid sequences (for an interactive 
view of lupin protein sequences and features visit the 
site http://www.lupinproteinteam.unimi.it/). γ-Conglutin, 
whose bio-functional properties will be summarised in 
this contribution, is a lupin special protein type, which 
does not belong to the classical storage protein family.

Nutraceutical properties of lupin proteins

The bioactivity of lupin seed components, primarily 
proteins, spans from plasma glucose lowering activity, 
intestinal functionality and health control, hypotensive 
activity, plasma lipid lowering activity, atherosclerosis 
progression control, satiety control. These properties, 
which have recently been popularised in a dedicated dis-
semination paper (Duranti and Morazzoni, 2011), are not 
directly amenable to a given component since various ma-
terials, including whole fl ours, protein and fi ber extracts, 
protein concentrates or isolates, have been used for these 
studies. However, in the case of white lupin γ-conglutin, 
the analyses with the purifi ed protein have allowed the 
unequivocal attribution of the glucose lowering activity 
to it. Afterwards, γ-conglutin preparation was scaled up at 
semi-industrial scale for the accomplishment of pre-clini-
cal studies on healthy human (Bertoglio et al., 2011).

In addition to the original study on γ-conglutin effect 
on glucose overload in rats (Magni et al., 2004), further 
results, obtained in collaboration with other groups, aimed 
at the elucidation of the mechanism of action, are reported 
in this presentation. These include the insulin-mimetic 
effect of γ-conglutin on miocytes (Terruzzi et al., 2011), 
the glucose-uptake effect on HepG2 cells, and the chronic 
effects on rat hyperglycemia (Lovati et al., 2011). In paral-
lel to these studies, the possibility of intact γ-conglutin to 
transit through the intestinal cells in in-vitro and ex-vivo 

duodenal models (Capraro et al., 2011), as well as the 
intrinsic γ-conglutin resistance to proteolytic enzymes 
in simulated digestion studies, concomitantly with the 
preservation of native protein conformation down to very 
low pH values (Capraro et al., 2009; Capraro et al., 2010), 
have been described.

The identifi cation of this glucose-control active lupin 
protein is in line with the ancient attribution of anti-
diabetic properties to lupin seeds. Although research 
activities in this area are still being carried on in order 
to answer a number of questions, including the ultimate 
metabolic fate of this protein, its effects on cells and tis-
sues and the molecular targets, its optimal doses and best 
ways of administration, the path to the development of a 
novel glucose-controlling natural compound to be used 
for insulin-resistance and impaired glucose tolerance 
conditions has now been traced. Moreover, a very recent 
paper describing the acute effect of lupin fl our in reducing 
glycemia in type 2 diabetes patients has appeared (Dove 
et al. 2011). In this respect, one could speculate that a 
suitable combination of selected lupin proteins and fi bres 
is the treatment of choice for the so-called “diabesity” 
syndrome. In other word, synergistic effects between 
the bioactive lupin protein and fi bers (and possibly other 
compounds) are highly probable. 

This set of results opens an unlimited number of 
possibilities in the formulation of lupin protein-based 
nutraceutical/medical foods, consisting in the inclusion 
of γ-conglutin or other bioactive compounds in novel or 
traditional healthy foods .
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ABSTRACT
This paper describes testing results of the effective-

ness of energy-sugar-and-protein concentrate for meat 
chicken productivity. The foundations and means to 
solve  the protein defi ciency problem in human nutri-
tion and animal feeding are shown. 

KEY WORDS
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technologies 

INTRODUCTION
Conformity to nutrition standards and protein con-

sumption determines the standard of life for some nations 
in the fi rst place and conformity in terms of sugar or fat 
consumption ranks second. For a long time scientists have 
been offering lupin to consumers as a powerful source of 
concentrated protein, but the protein defi ciency problem 
has not been solved in many countries and lupin cultiva-
tion acreage is increasing too slowly.

There are some reasons which hinder the solution of 
protein defi ciency in human food and animal feed rations 
in Russia. The main reason for the protein defi ciency 
problem is connected with a lack of understanding that 
legume feed of high protein concentration needs to be 
produced in the fi elds located in the vicinity of a given 
farm. Many cattle breeders prefer protein components 
imported from other continents, such as mainly soybean. 
The import of feed protein components is in confl icts with 
ecological and economical principles for the establish-
ment of agro-ecological systems. Transport costs for soy 
from Brazil to Russia exceed the cost of soybean itself. 
Biogenous substances imported to an ecosystem break 
off the biogeochemical cycle and result in ecosystem 
contamination. 

Some countries demonstrate a pressing example for 
strategic planning in their production structure, of which 
a great proportion comprises crops with high protein 
contents. Modern feed rations in intensive animal and 
poultry breeding systems have to include 22% crude 

protein. In some years soybean yield accounts for 4% of 
total legume grain weight in Russia. The USA produce 
27% soybean only in the total grain yield. It indicates 
that we have to solve the task of changing the cultivation 
acreage structure in Russia and increase the proportion 
of crops with high protein content. It is not surprising that 
the USA exports protein-vitamin-mineral concentrates 
(PVMC), soybean and its products and at the same time 
they are one of the leaders in meat production. Because of 
the established irrational grain production structure Rus-
sia is forced to import more than 50% of the total Russian 
PVMC market, more than a million ton of soybean. With 
it all the country is not capable of covering its demand 
for meat and milk. 

LUPIN IMPORTANCE FOR 
RUSSIA

Modern animal breeding is interested in feed protein 
additives with protein content of at least 35%. For this 
reason soybean products are much in demand and soy-
bean has become an absolute leader among protein crops 
in the USA, Brazil and other countries. Neither pea nor 
broad bean or vetch can achieve this protein concentration 
level. We can say that the world agriculture has two crops 
only, which may satisfy the changing demand of modern 
intensive animal breeding, i.e. lupin and soybean. 

Lupin is a new high technological crop for mankind. 
Its fi rst commercial varieties were developed 50 years ago. 
There is no other crop comparable to lupin or soybean. 
The difference is that the American continent is more suit-
able for soybean growing because of its warm monsoon 
climate, while lupin is better adapted to the Russian cold 
continental climate. Lupin is an ideal protein feed com-
ponent for Russia, similarly to the position of soybean in 
the USA and Brazil, the world leaders in meat production 
thanks to their own soybean.    

Three lupin species can produce stable seed yield ev-
erywhere in the European part of Russia – from the Stav-
ropol region to the border of open farming in the North, 
and with soils ranging from the fat South chernozem to 
acid sandy problematic soils in the Centre and North 
of Russia. Neither soybean nor any other grain legume 



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE 169

crop could be compared to lupin in terms of protein yield 
per hectare. These are the fi ndings for the best Russian 
grain legumes and soybean varieties demonstrated at the 
Shatilovskaya Experimental Station in the Orel region 
(Table 1).

The second reason for protein defi ciency is a lack of 
understanding for the preparation of grain legume seeds 
for animal feeding. Every Russian producer is used to 
feed animal with native crushed grain legume seeds 
without any treatment of the feed product. It is the main 
misunderstanding. Soybean processing improvement 
and the subsequent development of soybean protein feed 
product market in different countries have resulted in a 
rapid increase of soybean crop acreage. The same could 
be related to other grain legumes. Similarly to the soy-
bean, they have their own antinutritional substances and 
demand preliminary processing. 

It is necessary to remove the seed coats to decrease 
the fi ber content in protein products, and kernels should 
be thermally treated to reduce the antinutritional pectin 

and oligosaccharide compounds for lupin effi cient use as 
feed for sexual-and-age groups of monogastric animal and 
poultry. This processing results in an increased demand 
for lupin products.

The third reason is the unrestrained use of marketing 
and legal regulations practically disregarding feeding 
physiology of farm animals and poultry. To increase prof-
its from the sale of soybean and its products at different 
levels propaganda, promotion and lobbying have been 
used. Every possible marketing tool has been used to not 
allow lupin, broad bean or other substitutes at the market 
of concentrated protein feed products. The World and 
Russia have turned down this unconstructive agricultural 
policy. Soybean processing factories recognized lupin as 
“the northern soybean” and combined efforts both for 
soybean and lupin and broad bean production.

Synergic interaction of protein components with 
identical properties used in the formulation of feed ra-
tions is always more productive than their single action 
because of: 
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1.  Complementation of components’ nutritive substances 
takes place (nutritients absent in soybean are comple-
mented by nutritive lupin and broad bean or vice 
versa).

2. Complement dilution of anti-nutritional substances 
takes place (if 50% lupin and 50% soybean are used, 
the content of soybean trypsin inhibitors is decreased 
two-fold when compared to single soybean use, while 
lupin alkaloid quantity is reduced two-fold when com-
pared to single lupin use).

LUPIN PROCESSING 
TECHNOLOGIES

Soybean processing factories began to add about 
50% native lupin or its kernels to its feed products. Their 
profi tability increased by 70% because lupin is 1.5-2.0 
times cheaper when compared to soybean. In addition, 
no animal and poultry productivity reduction has been 
observed if these groups have been fed with a soybean 
and lupin mixture. On the contrary, productivity growth 
by 2-5% has been noticed.

Protein-energy concentrate “Thermobean” produced 
at “Belkorm” consists of a toasted mixture with pre-hulled 
lupin and soybean. This feed product could be kept for 12 
months and antinutritional lupin and soybean substances 
are neutralized there. It has been tested in farm animal 
and poultry feeding.

“Thermobean” – a protein-energy concentrate – is a 
mixture of inactivated (toasted and hulled) lupin, broad 
bean and soybean. It is prepared according to the tech-
nology with the combined hydro-thermal processing of 
components. The owner of the patent for this technology 
equipment includes the General Director of Soybean 

Processing Association “ASSOYA”. Nutrition indices are 
38% protein, 91% soluble protein, 4-5% fi ber, 18% oil, and 
metabolic energy level of 340-360 ccal/100g. 

If we analyze protein additives used in poultry and pig 
feed factories a signifi cant effect of fi sh meal, soybean 
feed as well as yeast and meat-and-bone meal should be 
stressed resulting in increased costs of mixed feeds. It 
is absolutely necessary to provide cheaper plant protein 
components compared to soybean and fi sh meal, with 
quality comparable to that of an “ideal protein”. To have 
these cheap components it is necessary to cultivate crops 
and cultivars adapted to bioclimatic and soil conditions in 
specifi c fi elds. Lupin and oilseed rape characterized with 
high protein contents are crops the best adapted to dif-
ferent bioclimatic conditions of Russia. If feed additives 
made of these crops are correctly produced, they could 
fully substitute soybean (Table 2), at the same time being 
two times cheaper. 

If the protein defi ciency problem is solved it will be 
thanks to the increase in lupin and rape acreage in Russia. 
It will provide food security for the country. The decision 
not to import soybean products and PVMC will yield 
savings due to the elimination of transport costs (Brazil 
is 20 000 km far away), transshipment and customer 
service costs. Lupin and rape cultivation in the vicinity 
of farms will protect the biogeochemical nitrogen cycle 
and prevent environmental pollution.

Australia and Belorus continue to develop a proportion 
of protein in the feed ration using lupin and rape and do 
not need expensive imported soybean and PVMC, but 
at the same time they demonstrate the highest effective-
ness of animal husbandry, very low prices and costs for 
animal husbandry products. Similarly to Russia, there 
are few territories in these countries, which bioclimatic 
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potential suits the soybean cultivation. Despite of very 
active efforts towards the introduction of soybean in 
these countries,lupin and rape are the main protein and 
fat sources there . 

Agriculture importing about 50% feed ration pro-
tein, rejecting domestic protein components grown in 
our own fi elds, will never be competitive to agriculture, 
which grows a maximum proportion of the feed ration 
components in the vicinity of farms and uses new crops 
and technologies. 

Soybean is a very effective component of mixed fod-
ders because it contains a unique combination of protein, 
fat and free sugars, corresponding to their combination 
in milk of  mammals. 

TESTING OF LUPIN BASED 
CONCENTRATED FEED.

At the Russian Lupin Research Institute we have 
created a model of energy-sugar-and-protein concentrate, 
which is comparable to soybean, but consists of seeds of 
the northern ecotype crops – lupin and rape (Fig.1). 

Soybean may not be grown everywhere, contrary 
to the three above-mentioned crops that may be grown 
everywhere in Russia, up to the open farming border and 
on most problematic soils. Nutritive value of the energy-
sugar-and-protein concentrate (ESPC) prepared by means 
of different technological methods has been verifi ed in a 
number of tests with meat-type chickens.

TEST RESULTS
Tests were conducted in 2009 in a vivarium based 

at the pedigree station Bryanskoe, p/o Michurinsky, the 
Bryansk region according to the method of the poultry 
breeding institute. Crushed and as well as crushed and 
extruded mixtures of three crops were used for feeding. A 
comparison was performed for native lupin seeds with its 
kernels. In the tests ESPC replaced different proportions 
of soybean products, meat-and-bone meal, sunfl ower cake, 
feed yeast used in the standard ration (Table 3). 

The working hypothesis assumes a maximum protein 
component substitution and at the same time inclusion of 
ESPC in variants limited to a standard for fi ber content. 

Energy-sugar-and-protein concentrate produced after 
barothermal treatment in an extruder differs in its high 
nutritive value from the crushed one. This is the result 
of greater quality changes in organic and inorganic com-
ponents. For example, in the extruded ESPC with native 
lupin the fi ber content was lower by 1.94% when compared 
to the non-extruded one. The crude fi ber content was by 
1.5% lower in the case of lupin kernels. Extrusion has a 
positive effect on content of other nutrients in dry matter 
as well. Crude protein in the extruded ESPC with native 
lupin was higher by 0.22% when compared from the cru-
shed one whereas the sugar content increased from 6% to 
9.7% or by 3.7% when compared to the nonextruded ones. 
In the extruded ESPC supplemented with lupin kernels 
the sugar content increased from 8.0% to 16.4% and was 
identical to  the quantity observed in sugar beets.

In spite of the increasing lupin costs after its dehulling 
and the high extrusion costs of obtaining the energy-

sugar-and-protein concentrate 
(ESPC) added to rations, it not 
only decreases chicken meat costs, 
but it also increases meat chicken 
productivity (Table 4). 

The extruded ESPC makes 28% 
in weight of the ration and it may 
totally substitut sunfl ower cake and 
soybean cake and partly substitute 
the meat-and-bone meal. A third of 
feeder yeast was substituted with 
ESPC. Vegetable oil addition was 
decreased by 25%. At the same time 
the average daily body weight gain 
increased by 13.83%, feed costs per 
1 kg of gain decreased by 12.15%, 
while production costs decreased 
by 16.22%. 

Thus an attempt to solve the 
feed protein defi ciency problem 
in Russia using soybean protein 
only is in obvious opposition to 

Figure 1. Energy-sugar-and-protein concentrate made of northern ecotype 
crops – lupin and rape.
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the structure of the Russian agriculture. It leads to a 
decrease of its productivity, stability, resistance and com-
petitiveness. It is necessary to solve a number of tasks to 
neutralize this problem:

1. To organize production for 1 million tons of protein-
energy concentrates made of domestic raw material: 
lupin, broad bean, soybean, rape. To achieve this aim 
it is necessary to design and assemble equipment and 
provide with work 20 legume processing factories. 
Their total output should be 1 million tons per year. 
Three of them are already operational. 

2. To organize the demand for domestic lupin, broad 
bean and provide their yearly cultivation:

– lupin – 400 thousand tons (200 thousand hec-
tares)
– broad bean – 100 thousand tons (30 thousand 
hectares)

It will be necessary to provide cultivation for lupin and 
broad bean seed material and introduction of energy 
saving legume cultivation methods. 

3. Nutritive value of lupin and broad bean could be 
increased by 25-30% thanks to the original hydro-
thermal treatment according to the proposed method. 
It is possible thanks to the patented method developed 
by “ASSOYA”. Nowadays the proposed method for 
inactivation with hydrothermolysis is the most energy 
saving and ecologically friendly among those used in 
Russia and in other countries. 

Established factories for bean processing should be a 
catalyst in the change of crop acreage in favor of legume 
crops (seed testing development, introduction of effective 
protection systems) and for the creation of productive feed 
rations for poultry, pig, cattle breeding or aquaculture.

At a rational saturation of the crop acreage structure 
with legumes other than soybean it is possible to sow 
lupin on 7.2 million hectares in the European part of 
Russia, among them 2.4 million ha with white lupin 
in the Chernozem zone and 4.8 million ha with yellow 
and narrow-leafed lupin in the Central and Northern 
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regions. In the Western part of Siberia it is possible to 
sow narrow-leafed lupin on the acreage of a million ha. 
In Russia no less than 3.0 million ha could be sown with 
broad bean. Since the present average lupin yield is about 
2 t/ha (however in many farms it is more than 3.5 t/ha), 
its total production in Russia could be 16.4 million tones. 
The broad bean production could be 7.5 million tones at 
its present yield of 2.5 t/ha. 

Expediency for the increase in broken lupin and broad 
bean production is determined with good Russian agro-
climatic characteristics for these crops. Lupin gains in 
nutritive value when compared to soybean after hulling 
and thermohydrolysis treatment according to the Russian 
patent.  
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ABSTRACT
The UK now has a well established pattern of lupin 

production with an annual area of around 4000Ha.  
What is perhaps surprising, is that around 80% of 
this area is cut for forage, with the crop being ensiled 
rather than being harvested for the grain.  Most of 
this area is in the form of lupin/cereal mixtures, rather 
than crops of straight 100% lupin.  

Of the remaining 20% of the national crop which 
is dry harvested, nearly all is retained by the farmers 
who grow it, and is used as a livestock feed on the 
same farm. The result is that from 4000Ha, almost the 
entire national production is used in livestock systems 
as a home-grown alternative to soya meal, and the 
UK produces almost no lupins which are traded as a 
commercial cash crop.

The cost of soya meal has increased rapidly over 
recent years, to the point where many livestock units 
fi nd the cost of soya makes their business unsusta-
inable. Using lupins to replace the need for this soya 
allows livestock farmers to avoid these high costs and 
can make a signifi cant difference to the viability of 
their business.

KEY WORDS
Soya UK, Forage Lupin, Soya, Livestock feeding

FORAGE LUPINS
Since 2004, the UK has seen a dramatic swing away 

from cropping lupins as a dry grain, and into their use 
as a forage crop, particularly in mixtures with cereals. 
This swing away from dry harvesting and into forage, 
has happened for a number of reasons;

• The unpredictable nature of the British weather suits 
forage systems better than dry harvesting. Many 
growers found that harvesting dry lupins was often 

late and diffi cult in wet weather, whereas forage is cut 
earlier in the summer, and I sless dependant on good 
weather.

• In 2003 spring triticale was introduced to the mainland 
of the UK (by Soya UK Ltd).  Until then, only winter 
triticale had been available and livestock farmers 
looking at spring-sown wholecrop cereals had been 
restricted to wheat, barley and oats. In spring triticale, 
we found the ideal partner for forage lupins, being of 
similar height, competitiveness, and coming ready for 
harvest at roughly the same time.

• Many growers knew of lupins as an excellent source of 
protein, but had become frustrated by a lack of success 
in late, wet harvesting conditions. As a result, there 
were a large number of farmers who were ready and 
willing to adopt the new system of forage lupins. This 
resulted in rapid uptake of the new approach. 

• Ever-increasing protein costs are forcing European 
livestock farmers to consider alternatives. Even those 
farmers who are resistant to change, are being forced 
to look at growing more protein at home.

• Prior to 2005, the cutting of a crop for forage disqu-
alifi ed the crop from being eligible for EU subsidies. 
Following the EU mid term review, the new single 
farm payment system was introduced in 2005 and 
this system allowed much greater fl exibility in the use 
of crops.  This change meant the cutting of crops for 
forage had no impact on subsidy payments. As a result, 
the UK saw a general rise in the areas of all crops cut 
for forage, especially in lupin/cereal mixes.

MIXTURES GROWN
Soya UK Ltd market a range of different forage mi-

xtures containing lupins.
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We do not usually grow crops for forage which are 
100% lupin. This is because we fi nd that the forage is 
very wet, diffi cult to handle, diffi cult to ensile and does 
not always give a stable fermentation. This can lead to 
spoilage and loss of the crop, so it is much easier to grow 
it as part of a mixture. When grown in mixtures with ce-
reals, we fi nd these problems are resolved and the forage 
is better quality and better suited to the handling systems. 
We also fi nd that farmers can have diffi culty in utilising 
crops which are 100% lupin. This is because they are not 
accustomed to feeding a forage which contains so much 
high quality protein, and we often fi nd they are feeding 
too much protein which is ineffi cient use of the feed.

Spring triticale is by far the most popular choice as 
an accompanying cereal. The most popular mixes are 
the “Avon Mix” (white lupins with spring triticale), and 
the “Clyde Mix” (Yellow lupins with spring triticale). 
These two mixtures account for 80% of sales, with blue 
lupin/triticale mixtures being 5% of sales and all other 
mixes (containing wheat, barley and oats) accounting for 
just 15% of sales.

POTENTIAL PROBLEMS

Choosing suitable partner crops 

It is important to use a cereal which will mature at 
the same time as the lupin. For example, we do not grow 
barley with white lupins as they will not mature at the 
same time. Achieving this synchronisation between the 
components is very important for practical harvesting as 
well as being important for achieving fi nal quality.

Interspecifi c competition

One consequence of growing lupins in conjunction 
with cereals, is that the mixture can throw up unexpected 
effects which are not normally seen in crops of pure lupin. 
Interspecifi c competition can cause serious problems if 

the competitive balance of the mix is affected in some 
way which favours one component over the other. This 
can happen if there is a very dry period, or a very cold 
spell which favours the triticale over the lupin. In this cir-
cumstance the lupins can fi nd themselves at a competitive 
disadvantage and instead of growing normally, they will 
succumb to competition and become progressively we-
aker. The fi nal result will be a sparse crop of triticale with 
little or no lupins in it. This effect is a genuine problem for 
forage lupin mixtures and as a result we normally sow the 
mixtures two weeks later than normal crops of lupin. 

Ensiling and use of additives

Many farmers are accostomed to making silage with 
ryegrasses, which have a high level of soluble sugars, and 
are therefore quite easy to ensile.  The ensiling of legumes 
however, is notoriously diffi cult. This is because most 
legumes are comparatively low in the sugars and soluble 
carbohydrates that the silage-making process relies on. 
These plant sugars are the fuel for the anaerobic fermen-
tation which produces the lactic acid required to preserve 
the forage. The presence of a cereal such as triticale can act 
as a source of soluble sugars which can help with the fer-
mentation, however the comparative lack of plant sugars in 
the lupin means that it is necessary to pay close attention 
to the methods used in the conservation of the crop. We 
emphasise this point heavily to the growers during the 
period prior to harvest, and experience has also shown 
that the use of bacterial forage additive is also helpful in 
ensuring a good preservation of the forage. 

Feeding and analysis

As indicated earlier, we fi nd that farmers can have 
diffi culty in utilising forage crops which contain lupin.  
This is because they are not accustomed to feeding a fo-
rage which contains so much high quality protein, and we 
often fi nd they are feeding too much protein. This problem 
is often compounded by the fact that it is very diffi cult 
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to get a meaningful  analysis done. Most forage analysis 
systems are based on simple crude protein analysis, but 
this method cannot accurately quantify the amount and 
the quality of the protein in these lupin forages. This is 
a signifi cant issue for us, and we rely on farmers having 
the faith to ignore the analysis and feed the forage based 
on their feeling and observations of how the livestock 
perform. Often we also use a rule of thumb whereby you 
add 4% to the analysis fi gure and base the ration formu-
lation on that fi gure.  

Bitter seeds (alkaloids)

Whilst we sell a lot of narrow leaved and yellow lu-
pins, our biggest business is with white (albus) lupins, and 
whilst the alkaloid levels in the narrow leaved and yellow 
lupins are generally stable, we have found that the inci-
dence of bitter seeds will increase with each generation 
of the albus lupin we multiply. Our observations are that 
alkaloid levels will only reduce palatability of the forage 
for cattle once levels of bitter seeds have increased to 
quite high levels (perhaps as high as 5% bitter seeds can 
be tolerated by cattle in forage – which equates to more 
than 1000ppm alkaloid). However, it is much better and 
wiser to control the incidence of bitter seeds at much 
lower levels, since palatability thresholds are much lower 
for fi sh, pigs and poultry. Another consideration, is that 
fact that seed cannot be certifi ed for sale in the EU with 
a bitter incidence of more than 2.5% in commercial seed, 
and 1% for Basic and Pre-Basic seed. In reality we aim to 
keep bitter incidence very low between 0.01% and 0.02% 
(1 bitter seed in 5,000 – 10,000 seeds.) We do this because 
the levels can escalate quickly and if bitter seeds mean 
the seed cannot be certifi ed, it can have dire commercial 
consequences for our seed production programme. Thank-
fully bitter seeds are not a big commercial problem for us, 
but only because we work hard to control it.

Anthracnose

We grow lupin-based forage crops in the wetter, win-
dier areas of the UK and anthracnose can be a serious issue 
if we do not take suitable measures against it. In these 
conditions, the white (albus) lupins can be particularly 
susceptible, and our chief defence against this problem 
is to ensure that our seed production methods are always 
correct. In 2003, we had a terrible experience with anth-
racnose with many hundreds of hectares severely affected 
and some crops were entirely lost.  As a result I have the 
dubious distinction of having a lot of experience in dealing 
with the disease both in the fi eld and in designing seed 
production systems to manage the disease.

In the past, we have heard other seed suppliers claim 
to produce lupin seed which is “free” of anthracnose, 
but we do not believe this is really possible, and the true 

picture is a little more complicated. It is our belief that in 
reality, anthracnose will always be present at some level, 
but the disease will not manifest unless certain conditions 
are met. Our objective is to suppress the disease and 
ensure that the conditions for manifestation are not met. 
Our experience shows that if the level of seed infection 
is at low levels, if the crop is healthy, and if suitable seed 
dressings are used, then we are able to keep the disease in 
what we refer to as a “sub-clinical” phase. This is not the 
same as being anthracnose free – it is our belief that no 
such condition actually exists in albus lupins, and we are 
simply in the business of anthracnose management. Our 
seed production methods all aim to manage “sub-clinical” 
anthracnose, and it is a system which has proven very 
effective over the last eight years across many thousands 
of hectares. Thankfully anthracnose is not a big problem 
for us, but only because we work hard to control it.

THE FUTURE
There are 7 billion people on this planet, and by 2024, 

there will be 8 billion (in 1974, there were 4 billion). 
Whist we may be able to fi nd them enough energy to 
eat, I think we will struggle to fi nd them enough protein. 
Soya prices have been driven relentlessly upwards in the 
last 5 years, by an increasing imbalance between supply 
and demand. Against this background, there is no doubt 
that lupins should have a role which is much greater than 
their current role. They are a much under-valued and 
misunderstood crop, and perhaps the biggest problem 
is the fact that their potential to make a difference is not 
understood in the policy-making circles of governments. 
Lupins can produce a superior quality protein in whole 
regions of the world where other protein crops are not a 
practical option.

In the livestock regions of the UK, where protein 
production has traditionally been very low, the adoption 
of lupins as a component in forage mixes, is making a big 
difference to the protein production of the area, and the 
economic outlook for those who are growing it. We now 
have many growers who have found home-grown lupin 
protein to be more than equal to bought-in soya feeds, 
and are still in business as a result.



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE 177

In: B. Naganowska, P. Kachlicki, B. Wolko (eds.) 2011. ‘Lupin crops – an opportunity for today, a promise for the 
future’ Proceedings of the 13th International Lupin Conference, 6-10 June 2011, Poznań, Poland. International Lupin 
Association, Canterbury, New Zealand. ISBN 978-83-61607-73-1.

DISCRIMINATION OF GENOTYPE/CHEMOTYPE OF 
LUPINUS ALBUS AND LUPINUS ANGUSTIFOLIUS BY THE 
ARTIFICIAL INTELLIGENCE-BASED CHEMOMETRICAL 

CHARACTERIZATION

Anna Arnoldi1*, Jean Daniel Coïsson 2, Marco Arlorio 2, Monica Locatelli 2, 
Cristiano Garino 2, Donatella Resta 1, Elena Sirtori 1, Giovanna Boschin 1

1  Dipartimento di Endocrinologia, Fisiopatologia, Biologia Applicata (DEFIB), Università degli Studi di Milano, 
Via Balzaretti 9, 20133 Milano, Italy. 

2 Dipartimento di Scienze Chimiche Alimentari Farmaceutiche Farmacologiche (DiSCAFF) & Drug and Food 
Biotechnology (DFB) Center, Università degli Studi del Piemonte Orientale “A. Avogadro”, Via Bovio 6, 
28100 Novara, Italy.

* Corresponding author’s e-mail: anna.arnoldi@unimi.it

ABSTRACT
A chemotyping and genotyping comprehensive ap-

proach may be useful for the analytical traceability of 
food ingredients. The interest for lupin (Lupinus spp.) 
is increasing owing to the high protein percentage and 
the positive technological and nutraceutical proper-
ties. The objective was developing innovative models 
for discerning between L. albus and L. angustifolius 
by applying multivariate statistical analysis (Principal 
Component Analysis, PCA) and artifi cial intelligence 
(Self Organizing Maps, SOM’s) onto chemical param-
eters (proximate composition, alkaloids, tocopherols) or 
Random Polymorphic DNA fi ngerprints. The applica-
tion of PCA to either chemical or genetic data permit-
ted discriminating effi ciently the two species, whereas 
the application of the SOM approach to both data-sets 
enabled clustering some cultivars. The possibility of 
discriminating L. albus from L. angustifolius is relevant 
for lupin traceability; the foreseen fi elds of application 
are refi ned fl ours or ingredients, where morphological 
analysis is not applicable. 

KEY WORDS
Artifi cial Neural Networks; chemotyping; genotyping; 
lupin; Lupinus albus; Lupinus angustifolius; multivariate 
analysis; Principal Component Analysis

INTRODUCTION
Among the four domesticated lupin species (Lupinus 

albus, L. angustifolius, L. luteus and L. mutabilis), up to 
now most of the food applications have been based on L. 
albus, or L. angustifolius. Considering that the food ingre-

dients obtained from these two species are not completely 
equivalent (D’Agostina et al., 2006), it appears crucial 
to develop methods for their easy distinction, especially 
when the seeds are milled to fl our and the morphological 
analysis becomes impossible.

Despite the large number of papers dealing with the 
chemical composition of lupin species and varieties, no 
genetic studies have been performed in order to distin-
guish between L. albus and L. angustifolius. To perform 
this task we selected the Random Amplifi ed Polymorphic 
DNA (RAPD) technique. Among Polymerase Chain 
Reaction based techniques, RAPD enables the amplifi ca-
tion of genomic DNA using unspecifi c random primers 
(decamers) (Welsh and McClelland, 1990). A complex 
electrophoretic multi-bands fi ngerprint can be obtained 
from each sample, useful to assess the polymorphisms 
among DNA samples from different organisms. Moreover, 
by means of appropriate post-PCR statistical methods (e.g. 
Principal Component Analysis, PCA), RAPD analysis has 
been effective in detecting population diversity among 
various types of organisms. The use of PCA allows a 
more objective interpretation of the RAPD fi ngerprints, 
reducing the descriptor parameters to only two or three 
(Munck et al., 1998).

Moreover, there is not any comprehensive chemo-
metrical analysis of the complex data set of parameters 
obtained from both chemotyping and genotyping of 
L. albus and L. angustifolius. Among the possible statisti-
cal approaches for resolving the comprehension of com-
plex data-sets as well as clustering different samples on 
the base of their chemical and genetic characteristics, PCA 
is a powerful statistical technique. Previous papers, aimed 
to solve the identifi cation at intra-specifi c level (varietal or 
ecotype studies) confi rmed the effi ciency of this approach 
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(Angioni et al., 2004; Brandolini et al., 2006). In addition, 
the use of the Artifi cial Neural Network (ANN, a compu-
tational model that tries to simulate the structure and/or 
functional aspects of biological neural networks) such as 
unsupervised Kohonen’s Self Organising Maps (SOMs), is 
a strategic tool to improve the solving of pattern recogni-
tion problems related to food authentication.

The main objective of this work was developing in-
novative models for discriminating between L. albus and 
L. angustifolius by mean of PCA and ANN analysis of the 
complex data-sets obtained by chemotyping (nitrogen per-
centage, oil percentage, tocopherols, and quinolizidine al-
kaloids content) and by RAPD genotyping of fi ve cultivars 
belonging to each species: Arès, Amiga, CH1812, Ecotipo 
Molisano, Typ Top for L. albus and Arabella, Boregine, 
Jindalee, Quilinoc, Vitabor for L. angustifolius.

MATERIALS AND METHODS
Chemical analyses

Nitrogen percentages were determined according to 
the Kjeldahl method; oil contents were determined as 
reported in Boschin et al. (2008a); quinolizidine alkaloids 
(QAs) extraction was performed as previously reported 
(Boschin et al., 2008b); the experimental procedure for the 
extraction and determination of tocopherols was reported 
in Boschin and Arnoldi (2011).

Genetic Analysis

Genomic DNA was extracted from lupin fl our using 
the DNeasy Plant Mini Kit (Qiagen). Genomic DNA con-
centrations were quantifi ed using QubitTM Fluorimeter 
(Invitrogen) and the kit Quant-iTTM dsDNA HS Assay 

(Invitrogen) according to the standard procedures. The 
primer sequences from F1 to F16 (RAPD decamers) 
were arbitrarily chosen. The details are in Coïsson et al. 
(2011).

Statistical analysis

PCA and Kohonen neural network (or Self Organiz-
ing Map, SOM) were applied as unsupervised clustering 
techniques. Data computation was performed using the 
free statistical software R 2.8.1 version (R Development 
Core Team, 2008).

RESULTS AND DISCUSSION
The results of chemical analyses of the lupin seeds 

are reported in Table 1. The lipid percentages of the seeds 
of the two species were very different, being 10.5% the 
mean value of L. albus and 6.9% the mean value of L. 
angustifolius. The lipid percentages of the latter species 
fell in a more restricted range. These values are in line 
with literature data (Boschin et al., 2008a).

Differences were also observed in the tocopherols 
patterns: in L. albus there were 3 tocopherols, i.e. al-
pha-T (1%), gamma-T (97%) and delta-T (2%), whereas 
in L. angustifolius there were only alpha-T (4-5%) and 
gamma-T (95-96%) (data from Boschin and Arnoldi, 
2011). A great variability in the total tocopherol contents 
of L. albus was observed, with values spanning from 6.3 
mg/100 g seeds to 13.4 mg/100 g seeds with signifi cant 
differences (p<0.05).

The QAs quantifi ed in our samples were: albine, 
angustifoline, α-isolupanine, lupanine, 13α-hydroxylupa-
nine, 13α-angeloyloxylupanine, and 13α-tigloyloxylupa-
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nine. Great qualitative and quantitative differences in the 
QA contents were evident between species and between 
alkaloid-rich and alkaloid-poor seeds. In the bitter cul-
tivar Ecotipo Molisano of L. albus only lupanine was 
quantifi ed. On the contrary, in the semi-bitter and sweet 
cultivars, although lupanine remained the most abundant, 
it was accompanied by substantial amounts of albine, 
angustifoline, 13α-hydroxylupanine, and 13α-angeloy-
loxylupanine, and in some cases, also by tiny amounts 
of α-isolupanine and 13α-tigloyloxylupanine. In L. an-
gustifolius only four QAs were quantifi ed: angustifoline, 
α-isolupanine, lupanine, and 13α-hydroxylupanine. 

Scores plot reported in Figure 1 are obtained respecti-
vely on A) chemical data set and B) RAPD fi ngerprint. In 
both cases, two isolated clusters are present, each corre-
sponding to one lupin species; moreover L. angustifolius 
shows a lower internal dispersion, having probably a 
higher level of chemical similarity (low polymorphisms) 
than L. albus.

Since no specifi c study provides the genetic characte-
rization of different cultivars and/or ecotypes of L. albus 
and L. angustifolius using simultaneously genetic and 
chemical parameters, we continued the work creating a 
new data set (both chemical and genetic variables). First, 
the data were processed by PCA and also in this case 
an optimal separation of the two species on the fi rst PC 
(55.8% of the total variance) was obtained. The data were 
then analysed by an ANN that consists of an interconnec-
ted group of artifi cial neurons and it processes information 
using a connectionist approach to computation. Among 
different ANN, Kohonen’s Self-Organizing Maps (SOM), 

which are a type of unsupervised learning technique (wi-
thout any supervision or extra information given), were 
chosen (Kohonen, 1990).

When SOMs were applied to the complex data set, i.e. 
the chemical data and the genetic fi ngerprints, very good 
results were obtained. The two lupin species were easily 
distinguished by processing the data with an outcome 
either at 2×2 or at 3×3 grids (Figure 2, panel A and B). 
On the basis of the 3×3 grid output, some considerations 
on the taxonomic-chemotype similitude among different 
samples may also be suggested, since some cultivars are 
“topologically” localized in the same defi ned spaces (Arès 
and CH1812; Typ Top and Amiga; Boregine and Arabella; 
Jindalee and Vitabor), in all cases confi rming the species 
identifi cation (Figure 2B). 

CONCLUSION
The use of ingredients from lupin seed in food formu-

lation is increasing on the base of its useful technologi-
cal properties and health benefi ts. As already indicated, 
although four lupin species have been domesticated, in 
Europe the commercialised ingredients derived, as a mat-
ter of fact, only from L. albus and L. angustifolius. Since 
these two species are not technologically equivalent, ef-
fi cient methods for their identifi cation are required. Using 
both chemotyping and genotyping, we developed novel 
comprehensive approaches for the authentication of these 
two lupin species, with some indication that, through a 
more extensive experimental phase, even cultivars might 
be discriminated. 
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We developed two models based on PCA, including 
either the chemical characteristics or the genetic RAPD 
fi ngerprints, which were both effective in discriminating 
between the two species. Additionally, we applied, for the 
fi rst time on lupin, a Kohonen’s Artifi cial Neural Network, 
including both the chemical and the genetic data, which 
appeared to be a powerful approach for clustering not only 
species, but also cultivars, and added some new informa-
tion about their genetic similarity. These methodologies 
may fi nd useful applications on lupin ingredients, whose 
morphological differences cannot be used for discrimina-
tion (Coïsson et al., 2011).
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ABSTRACT
With the aim of exploring the nutritional charac-

teristics of lupin seed, a fi rst screening on three sweet 
cultivars, of Lupinus luteus Dukat, Mister and Taper 
cultivated in Poland and in Italy was performed. 
Protein content, oil content, fatty acid composition 
and nutritional indices were largely affected by the 
growing environmental conditions. Protein content 
was remarkable higher in seeds coming from Poland 
(379-419 g·kg-1) than those from Italy (322-362 g·kg-1); 
on the contrary oil quantity was higher in seeds coming 
from Italy (51.4-59.2 g·kg-1) than those from Poland 
(43.9-48.3 g·kg-1). The three varieties showed signifi -
cant higher values of UFA/SFA and PUFA/SFA ratios 
and signifi cant better values of Atherogenic Index 
(AI) and Thrombogenic Index (TI) when cultivated in 
Italy and, among these, Taper emerged for the highest 
UFS/SFA (5.62) and PUFA/SFA (3.99) ratios and for 
the best AI (0.06) and TI (0.09). This study indicates a 
strong effect of the growing conditions on nutritional 
traits: Continental environment seems more suited 
for high protein seed production, while Mediterra-
nean environment for high oil and quality indices of 
fatty acid production, suggesting a diversifi cation of 
the levels of inclusion of lupin, in ruminant and non 
ruminant feed formulation.

KEY WORDS
Lupinus luteus; growing environment; protein content, 
oil; fatty acids; nutritional indices

INTRODUCTION
Among grain legumes, lupin represents an interesting 

resource for agriculture and human and animal nutrition. 
This species has in fact some traits that make of it a valu-
able alternatives crop: it has a winter cycle, a high grain 
productivity, a limited requirements compared to other 
crops (Bolland et al., 2008), a high content of protein (Sujak 
et al., 2006) and is an excellent rotation crop (McNeill et 
al., 2008). However, this species is cultivated in country 
with very different latitude and climate (from Lithuania to 
Morocco). As well known, climate characteristics have a 
great infl uence on both quantitative and qualitative traits 
of agricultural products. Many authors have demonstrated 
the infl uence of temperature and water availability on yield, 
protein and oil quality of many grain crops. Namely, An-
astasi et al. (2010) shows that in sunfl ower, warm climatic 
conditions, provided an oil with a higher unsaturated fatty 
acid (FA) content, mainly consisting of acid oleic (C18:1) 
and linoleic acid (C18:2n6). On the whole, lupin oil content 
is rather low (between 5 and 10%) (Suchy et al., 2008) com-
pared to other crops (soybean, sunfl ower, etc.), but, due to 
its fatty acid profi le, particularly the polyunsaturated fatty 
acids (PUFAs) and n-3/n-6 PUFA ratio, it is considered very 
important with respect to human (Boschin et al., 2007) and 
animal nutrition (Singh et al., 1995; Vicenti et al., 2008). 
From these point of view, there is a lack of information 
on the infl uence of environmental conditions on protein 
content and fatty acid composition of lupin (Boschin et 
al., 2007). End users need to know whether the quality 
of different grain lots of the some variety can be consider 
homogeneous or, on the contrary, may vary depending 
on the growing environment. If the environment exerts a 



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE182

marked infl uence, preference could be given to grain lots 
that are produced under environmental conditions capable 
of maximizing the requested quality trait.

With the aim of exploring the nutritional characteri-
stics of lupin seed, we perform a fi rst screening on protein 
content and fatty acid composition of three sweet cultivars 
of Lupinus luteus coming from Poland and in Italy.

MATERIALS AND METHODS
Seeds of three sweet, recently released cultivars of L. 

luteus (Dukat, Mister e Taper) coming from two different 
environments Poland (obtained from PHR, Poland) and 
Italy (cultivated in Sicily in 2007/08) were subjected to 
protein and oil determination. In Poland lupin was grown in 
Wągrowiec (50 km from Poznan) on a sandy soil, pH 6.5 in 
summer cycle. Temperature during the crop growth ranged 
between 4.5 and 19.7°C. Total rainfall was 450 mm.

In Italy, lupin was cultivated in Acireale, Catania 
(Souther Italy) on a sandy, volcanic soil with pH 8.5 in 
winter cycle. The weather conditions were rather dry, with 
an average minimum temperature of 12.4°C, maximum of 
19.5°C and total rainfall of 150 mm. 

Analysis of Crude Protein – Crude protein content 
was determined using the AOAC official methods of 
analysis (2005). 

Extraction of crude oil. The extraction of the crude 
oil from the lupin seeds was carried out according to the 
Boschin et al. (2007) method. The oil content was gravi-
metrically determined and expressed as g·kg-1 of lupin fl our. 
The crude oil analysis of each sample was replicated three 
times.

Preparation of fatty acid methyl esters (FAMEs). 
The fatty acids methyl esters of the lupin seeds were 
prepared by direct transesterifi cation. The FAMEs were 
transferred into the vial for the GC injection.

GC-FID analysis. The FAMEs were analyzed by GC-
FID (Agilent Technologies 6890N, Palo Alto, CA, U.S.A.) 
with a split/splitless injector, a fl ame ionization detector and 
fused silica capillary column OMEGAWAX 250 (Supelco, 
Bellefonte, PA, U.S.A.). The column temperature was pro-
grammed: an initial temperature of 100°C, with increments 
of 4°C/min up to 200°C and increments of 1.5°C/min up 
to the fi nal temperature of 220°C. Identifi cation of fatty 
acids was made by comparing the relative retention times 
of FAME peaks from samples with standards from Supelco 
(Bellefonte, PA, U.S.A.). Chromatogram peak areas were 
acquired and calculated by Chemstation software (Agilent, 

Palo Alto, CA, U.S.A.). The concentration of each fatty 
acid was calculated as a percentage of the sum of all the 
fatty acid methyl esters identifi ed. For each sample the 
chromatographic analysis was replicated three times.

On the basis of the identifi ed fatty acids, the Athero-
genic Index (AI) and the Thrombogenic Index (TI) were 
calculated using the following equations proposed by 
Ulbricht and Southgate (1991): 

Statistical analysis. A one-way analysis of the va-
riance of protein content, oil content and fatty acids data 
was performed to test for differences between varieties. 
T-test was adopted to separate means. Percentage values 
were previously arcsin √% transformed. 

RESULTS AND DICUSSION
Protein content, oil content, fatty acid composition and 

nutritional indices were largely affected by the growing 
environmental conditions, according to what reported 
by Boschin et al. (2007). The mean value of the crude 
protein content was remarkable higher in seeds coming 
from Poland (405 g·kg-1) than those from Italy (342 g·kg-1);
on the contrary the mean value of the oil quantity was 
higher in seeds coming from Italy (55.4 g·kg-1) than those 
from Poland (46.5 g·kg-1) (Table 1). 

In Table 1 are reported the fatty acid classes (SFAs, 
MUFAs, n-3 and n-6 PUFAs) which were signifi cantly in-
fl uenced by the environmental conditions. All the cultivars 
of L. luteus cultivated in Italy showed signifi cantly lower 
levels of the mean values of SFAs (16.06%) and MUFAs 
(26.98%) and signifi cantly higher mean levels of total 
PUFAs (56.96%) and n-6 (48.90%) PUFA series, compared 
to the mean values of the cultivars grown in Poland (SFAs: 
22.80%; MUFAs: 29.22%; PUFAs: 47.98%; n-6: 40.70%); 
whereas no signifi cant differences were observed between 
the mean values of the n-3 PUFA series cultivated in Italy 
(8.06%) and in Poland (7.28%). Among the PUFAs, those 
of the n-6 and of the n-3 series were higher in the L. luteus 
cv. Taper (Table 1). Among the MUFAs, particular interest 
was focused on the erucic acid (C22:1n9) which showed 
no signifi cant differences in relation to the environmental 
growing conditions. The highest average relative content 
of erucic acid was observed in the cultivar Mister (2.22%) 
and the lowest in the cultivar Taper (1.46%) cultivated in 
Italy and, among those grown in Poland, in the cultivar 
Taper (1.61%) and in Dukat (1.33%). On the whole, the 
erucic acid content found in our samples is under the 
maximum level of 3% and therefore is not considered 
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detrimental for human health (Codex Alimentarius-Joint 
FAO/WHO, 2001). 

As regards the ratios (Table 2), the three varieties 
of L. luteus showed signifi cantly higher mean values of 
UFA/SFA (5.24) and PUFA/SFA (3.56) ratios and signifi -
cant better values of Atherogenic Index (AI: 0.06) and 

Thrombogenic Index (TI: 0.10) when cultivated in Italy 
compared to the mean values of the same cultivars grown 
in Poland (UFA/SFA: 3.39; PUFA/SFA: 2.11; AI: 0.09; TI: 
0.17), whereas the mean value of the n-3/n-6 PUFA ratio 
of the three varieties showed no signifi cant differences 
between the L. luteus cultivated in Poland (0.18) in Italy 
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(0.16). The cv. Taper emerged for the highest UFA/SFA 
and PUFA/SFA ratios and for the best AI and TI (Table 2). 
On the whole, the higher values of PUFA/SFA, UFA/SFA 
and n-6 PUFA, and the lower values of SFA, MUFA, TI 
and AI confi rming, the higher nutritive value of the lipid 
fraction on the cultivars grown in Italy than those grown 
in Poland, strengthening the reliability of the Quality 
Indices proposed by Ulbricht and Southgate (1991) in 
order to evaluate the different nutritional aspects of the 
various fatty acids.

This study indicates a strong effect of the growing 
conditions on nutritional traits: Continental environment 
seems more suited for high protein seed production, while 
Mediterranean environment for high oil and quality indi-
ces of fatty acid production, suggesting a diversifi cation 
of the levels of inclusion of lupin in ruminant and non 
ruminant feed formulation.
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ABSTRACT
Lupinus seeds are characterized by elevated con-

tents of high quality protein, so they fi nd uses in both 
human and animal nutrition. However, little is known 
about possible bioactive compounds that could be 
benefi cial to health. Lunasin is a 43 amino acid resi-
due peptide isolated by the group of Prof. de Lumen 
(University of California, Berkeley) from the albumin 
protein fraction of soybean. Its cancer chemopreven-
tive properties have been demonstrated by in vitro 
and in vivo assays; currently other plants are being 
investigated as possible sources of this peptide. This 
study aimed to detect lunasin in two cultivated and 
two wild species of Lupinus. Lunasin detection using 
lunasin monoclonal antibodies was carried out on total 
protein extracts as well as soluble fractions of defatted 
fl our from seeds with and without testa. Soy (Glycine 
max) seed extracts served as positive control. Results 
showed the presence of lunasin in G. max protein 
fractions of albumin, globulin, and glutelin. Lunasin 
was found in prolamins fraction of L. albus seeds with 
testa; whereas it was found in albumin and glutelin 
fractions of seeds without testa of L. montanus and L. 
campestris, respectively. Lunasin was not detected in 
protein extracts of seeds without testa of L. albus and 
seed with and without testa of L. mutabilis. Peptide 
bands of molecular weights greater than 25 kDa were 
detected in the fractions of albumin, globulin and 
glutelin of all evaluated Lupinus species, suggesting 
presence of lunasin-related peptides.

KEY WORDS
lupin proteins, monoclonal antibodies

INTRODUCTION
Lunasin is a 43 amino acid residue peptide initially 

identifi ed in the soybean cotyledon when a cDNA enco-
ding a posttranslationally processed 2S albumin (Gm2S-1) 
was cloned (Galvez et al. 1997). Gm2S-1 codes for a signal 
peptide, a large subunit methionine-rich protein, a small 
subunit (called lunasin), and a linker peptide. Its cancer 
chemopreventive properties have been demonstrated by in 
vitro and in vivo assays (De Lumen, 2005). Lunasin exerts 
cancer preventive properties in mammalian cells induced 
by chemical carcinogens and viral oncogenes. Moreover, 
lunasin is effective preventing skin cancer in a mouse 
model induced by a chemical carcinogen (Galvez et al., 
2001). Recently, this peptide has been reported to reduce 
mammary tumour incidence, generation and weight in a 
xenograft breast cancer mouse model (Hsieh et al., 2010a). 
Lunasin also prevents breast cancer induced by chemical 
carcinogens (Hsieh et al., 2010b). 

The presence of lunasin has been reported in grains 
of barley (Jeong et al., 2002), wheat (Jeong et al., 2007a), 
rye (Jeong et al., 2009) and amaranth (Silva-Sánchez et 
al., 2008), as well as in plants of the Solanaceae family 
(Jeong et al., 2007b). With these results, presence of lu-
nasin or lunasin-like peptides in other grains and plants 
has been suggested.

Lupinus belong to the Fabaceae family and have a 
worldwide distribution. There are between 200 and 300 
species reported, 12 of them from the Mediterranean 
region, and the rest in the American continent. Some 
of the Lupinus species have been used since antiquity 
as protein source for humans and animals. Currently, 
some species are cultivated for food and feed in several 
countries: L. angustifolius in Australia and Europe, L. 
albus and L. luteus in Europe, and L. mutabilis in the 
Andean Region. Several studies have been performed to 
characterize storage proteins of these species (Blagrove 
and Gillespie, 1975; Cerletti et al., 1978, Duranti et al., 
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1981; Oomah and Bushuk, 1983; Melo et al., 1994, Santos 
et al., 1997). However, few data are available about the re-
lease of bioactive peptides from lupins proteins (Duranti, 
2006; Duranti, 2008, Arnoldi, 2008; Lquari et al., 2002), 
and no data have been reported about the presence of the 
chemopreventive peptide lunasin or lunasin-like peptides 
in Lupinus species.

The aim of present work was to identify by immuno-
detection the presence of lunasin or lunasin-like peptides 
in protein extracts from two cultivated (L. albus, and L. 
mutabilis) and two Mexican wild species of Lupinus (L. 
montanus and L. campestris) 

MATERIAL AND METHODS
Seeds of the cultivated species L. albus and L. mu-

tabilis were donated by Dra. Martínez Ayala of Centro 
de Investigación en Biotecnología Aplicada (CIBA-IPN, 
Tlaxcala, Mexico). G. max seeds were bought in the cen-
tral market of Yautepec, Morelos. Seeds of wild Mexican 
species (L. montanus and L. campestris), were collected in 
La Joya, Popocatepetl-Iztaccihuatl National Park (Estado 
de Mexico, Mexico) at altitude of 3800 m above sea level 
(masl) and 2600 masl, respectively.

Protein extraction and fractionation

Seeds were dehulled handing and milled in a seed 
grinder (Tekmar A-10, Tekmar Ohio, USA). Flour was 
sieved thought of a screen (100-mesh) and defatted by 
exhaustive extraction with petroleum ether.

Defatted fl our (5 g) was mixed with water, (1:10 w/v) 
stirred for 2 h at 4°C, and centrifuged at 17000 g for 30 
min at 4°C. The supernatant with the albumins fraction 
was collected and kept at 4°C until use. The pellet was 
used for the extraction of globulins. It was suspended in 
NaCl 10% (w/v), pH 7.0, stirred for 1 h, and centrifuged 
as above. The supernatant was fractioned as described by 

Gillespie and Blagrove (1975). Briefl y, supernatant was 
precipitated with 85% saturated (NH4)2SO4, stirred during 
2 h and centrifuged at 17000 g for 30 min at 4°C. The pellet 
was suspended in 0.15 M phosphate buffer (pH 7.0), stirred 
for 2 h and dialyzed against 0.02 M acetate buffer (pH 4.8) 
for 18 h. Dialyzed solution was centrifuged under above 
conditions. α-Conglutin (11S) was obtained in the pellet, 
while the β- conglutin fraction was separated from the 
supernatant. Supernatant was dialyzed against water for 
24 h and centrifuged. β -Conglutin (7S) was obtained in 
the pellet. This fraction was suspended 0.15 M phosphate 
buffer (pH 7.0) and concentrated by precipitation with 
70 and 90% saturated ammonium sulphate. All fractions 
were obtained by triplicate, and after addition of 0.02% 
(w/v) sodium azide were kept at 4°C until use. Protein was 
determined according to the method of Bradford (1976) 
using bovine serum albumin as standard.

Detection of lunasin by Western-blotting

Lunasin was detected by the method described by 
Silva-Sánchez et al. (2008) with some modifi cations. 
Samples of total protein extracts and protein fractions 
of lupins were prepared at a concentration of 2 mg/mL, 
diluted 1:1 with Tricine sample buffer, and boiled for 5 
min. Aliquots of 20 μL of each sample were loaded onto 
16.5% Tris-Tricine polypeptide gels (Bio-Rad Labora-
tories, Hercules Inc., CA, USA). Standard lunasin was 
synthesized by Chengdu KaiJie Bio-Pharmaceutical Co. 
(Chengdu, PR China). An amount of 208 ng of synthetic 
lunasin was loaded onto the same gels. The gels were run 
in a Mini Protean-3 Cells (Bio-Rad) with Tris–Tricine–
SDS buffer, at 100 V constant for 100 min. Immun-Blot 
PVDF membranes (Bio-Rad) were prepared for transfer 
with a soak of 100% methanol and rinsing with distilled 
water. The proteins on SDS–PAGE gel were transblot-
ted to the membrane for 60 min at 100 V and 4°C. Upon 
completion of transfer, the nonspecifi c binding sites were 
blocked by immersing the membrane for 1 h in Odyssey 
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Blocking Buffer (Li-Cor Biosciences, Lincoln, NE, USA). 
The membranes were washed three times and incubated 
with monoclonal primary antibody of lunasin (diluted 
1:5000 in Odyssey Blocking Buffer-0.2% Tween 20) for 
1 h at room temperature. After washing four times with 
PBS-0.1% Tween 20, the membranes were incubated for 
1 h with an anti-mouse fl uorescence-labeled secondary 
antibody (Li-Cor Biosciences) at 1:15,000 dilution in 
Odyssey Blocking Buffer-0.2% Tween 20-0.02% SDS. 
The membranes were washed four times with PBS-0.1% 
Tween 20 and once with PBS. Finally, each membrane 
was scanned and analyzed using an Odyssey Infrared 
Imaging System (Li-Cor Biosciences). Lunasin content in 
samples was determined comparing their band intensities 
with that corresponding to standard lunasin run under the 

same conditions. Results were expressed as the mean of 
the three values ± standard deviation. 

RESULTS AND DISCUSSION
In all the Lupinus species, protein bands with mo-

lecular weight equal and greater than 25 kDa were rec-
ognized by lunasin monoclonal antibody in the fractions 
of albumin, globulin, and glutelin (table 1). Silva et al. 
(2008) reported lunasin-like peptides with molecular 
weight larger than that of lunasin for Amaranthus hypo-
chondriacus, these peptides showed the typical lunasin 
biological activity as chemopreventive peptide. Lupinus 
peptides with affi nity to lunasin could represent lunasin 
like-peptides; however, a further work has to be done to 

Figure 1. A Western-Blot of protein fractions  of L. albus of dehulled (A) and non dehulled (B) seeds. M: molecular 
marker, L: synthetic lunasin, Alb: albumin, Glo: total globulin, 7S: globulin 7S, 11S: globulin 11S, Pro: prolamin 
and Glu: glutelin. 

      A                                                                                B

Figure 2. A Western-Blot of protein fractions of L. mutabilis of dehulled (A) and none dehulled (B) seeds. M: mo-
lecular marker, L: synthetic lunasin, Alb: albumin, Glo: total globulin, 7S: globulin 7S, 11S: globulin 11S, Pro: 
prolamin and Glu: glutelin. 

      A                                                                            B



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE188

understand characteristics of bands identifi ed as lunasin-
like peptides.

In the protein fractions (PFs) of dehulled and non 
dehulled seeds from L. albus bands greater than 25 kDa 
were detected by the monoclonal lunasin antibody (fi g. 1). 
In PFs of dehulled seeds, antibody had specially affi nity 
for the albumin and globulin fractions; while in PFs of non 
dehulled seeds, affi nity to lunasin antibody was found in 
the albumin, globulin, prolamin, and glutelin fractions. 

For the south-American species (L. mutabilis), the 
lunasin antibody had affi nity for the PFs of albumin, 
globulin and glutelin in dehulled seeds. For non dehulled 
seeds, affi nity by lunasin antibody was found in albumin 
and globulin fractions (fi gure 2).

Western blot of PFs of non dehulled seeds from 
L. montanus showed that all PFs present affi nity for lunasin 
monoclonal antibody. Specially, a protein band of 5 kDa 
was observed in the glutelin fraction. This molecular size is 
similar to that reported to lunasin, suggesting the presence 
of lunasin in the glutelin fraction of L. montanus.

Affi nity for the lunasin antibody was found also in 
the fractions of albumin and globulin of non dehulled 
L. campestris seeds. In the albumin fraction a protein 
band of approximately 7 kDa was detected. 

In total globulin and subfractions of all evaluated 
species, bands with affi nity to the lunasin antibody were 
observed at same molecular weight: 28, 31, 33 and 60 kDa. 
While, for the albumin fraction were observed differences 
between cultivated and wild species. For the cultivated 
species, L. albus and L. mutabilis, results show an affi nity 
for lunasin of proteins with molecular weights of 25, 31, 
58 and 60 kDa; while, for the proteins of the two wild spe-
cies there were affi nity differences: L. montanus showed 
bands of 5, 31, 40 and 57 kDa; whereas, L. campestris 7, 
31, and 100 kDa (table 1).

This diversity of proteins with affi nity to lunasin an-
tibody found in the lupin species shows that there is an 
expression of the polymorphism of the storage proteins 
in seeds. This polymorphism was reported for several 
cultivated and wild varieties of various crops, such as bean 
(Phaseolus vulgaris), wheat (Triticum aestivum), barley 
(Hordeum vulgare), pea (Pisum sativum) and corn (Zea 
mays) (Becerra and Paredes, 2000), and used for identi-
fi cation between cultivated and wild species. Our results 
show that wild species present higher polymorphism as 
cultivated species, these differences could be the result 
of the domestication process, which allows the selection 
not only of varieties with higher grain yield and quality, 
but also of biochemical phenotypes. 

Lunasin play a role in the development of seeds, as 
it is working directly on the suppression of mitosis dur-
ing endoreplication, and presence of this peptide can be 
expected in the second stage of maturity, before drying, 
so that we can think that this peptide is common to all 
angiosperms. This might explain the absence of lunasin 
in evaluated Lupinus seeds, we don’t know in which 
maturity stage they were. 

On the other side, there are several studies showing 
that lunasin is not present in all studied seeds. Several rea-
sons could explain this fact: 1) lunasin may be lost during 
processing of samples; 2) monoclonal antibodies are soy 
lunasin specifi c; 3) lunasin is present in seeds at a specifi c 
maturity state; 4) lunasin-like peptides represent a form of 
lunasin, and after processing they have the same activity; 5) 
other peptides/substances play similar role as lunasin.

The presence of lunasin-like peptides in fl our of de-
hulled and non dehulled seeds of four Lupinus species 
was demonstrated in this work. However, is necessary 
to perform research to characterize these bands, such as 
sequencing and determination of biological activities. 

Figure 4. Western-Blot of protein fractions of L. camp-
estris none dehulled seeds. M: molecular marker, L: 
synthetic lunasin, Alb: albumin, Glo: total globulin, 
7S: globulin 7S, 11S: globulin 11S, Pro: prolamin and 
Glu: glutelin. 

Figure 3. Western-Blot of protein fractions of L. mon-
tanus none dehulled seeds. M: molecular marker, L: 
synthetic lunasin, Alb: albumin, Glo: total globulin, 
7S: globulin 7S, 11S: globulin 11S, Pro: prolamin and 
Glu: glutelin. 
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Furthermore, this work demonstrates that lunasin-like 
peptides are not associated only with globulin fraction 
of soy. We found affi nity of lunasin antibody also for the 
soy fractions of albumin, glutelin and prolamin.
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ABSTRACT
Domesticated lupins are considered an emerging 

high protein alternative crop particularly in Australia, 
Canada and Eastern Europe, while the vast majority 
of wild lupin species are not used as protein source 
because their high content of toxic alkaloids.  Lupins 
have gained attention as well due to their potential to 
clean up water and restore soils contaminated with 
heavy metals and pesticides. However, the mechani-
sms of tolerance to these pollutants are still poorly 
understood. Vitamin C (ascorbate, AsA) is the most 
abundant water soluble antioxidant and is essential for 
numerous metabolic processes in animals and plants.  
Ascorbate is critical to mitigate the destructive actions 
of reactive oxygen species that are generated during 
normal metabolism and when plants are subjected to 
stresses. Our goal is to gain a deeper understanding of 
the metabolism of vitamin C in selected domesticated 
and wild lupins and study its infl uence in plant growth, 
protein accumulation, and remediation capacity. Our 
preliminary results show that lupins maintain relative-
ly high steady state AsA foliar content during their life 
cycle (>5 μmol/g fresh weight). Of the species analyzed 
Lupinus angustifolius shows the highest levels peaking 
at the beginning of the reproductive stage. 

KEY WORDS
vitamin C, ascorbic acid, lupins

INTRODUCTION
Legume seeds are protein-valuable foods which have 

been present in the Mediterranean diet since ancient times. 
Among them lupins are especially attractive due to their 
high protein and fi ber content combined with low content 

of starch and oil. Lupin breeding programs that started 
in the 1920s have successfully yield very low-alkaloid 
types that are edible. Domesticated lupin crops are well 
established in Australia, Europe and Canada. 

During the last decade lupins have gained attention 
as well due to their abilities to clean up soil and water 
contaminated with heavy metals, herbicides, and insecti-
cides. Lupinus species can be grown and easily cultivated 
in acidic soils with low available phosphorus, and their 
root systems are well developed with numerous secondary 
roots. Recent studies indicate that although lupins are 
promising tools for phytoremediation common environ-
mental pollutants such as arsenic and cadmium induce 
oxidative stress and concomitant growth reduction in 
Lupinus sp. (Vázquez et al., 2008; Zornoza et al., 2010). 
Therefore gaining a better understanding of the various 
antioxidant mechanisms used by lupins to counteract these 
toxic effects is necessary.

Vitamin C (ascorbic acid, AsA) is a major antioxidant 
molecule in plants, an essential cofactor for several im-
portant metal-containing enzymes, and is implicated in 
the control of cell division and plant growth. As a major 
antioxidant, AsA protects plants from oxidative stress by 
decomposing reactive oxygen species generated through 
normal oxygenic metabolism and adverse environmental 
insults. In addition, AsA modulates senescence and fl o-
wering and is involved in regenerating vitamin E, a major 
lipid soluble antioxidant (reviewed in Lorence and Nessler, 
2007). Engineering plants with elevated levels of AsA has 
lead to plants with higher growth rate that accumulate 
more biomass of both aerial and root tissues. These high-
AsA plants become tolerant to multiple stresses compared 
to wild type controls (Nessler et al., 2007).

There are only a handful of reports in the literature 
where the vitamin C content of lupins has been analyzed. 
AsA accumulates in Lupinus luteus during the seed fi lling 
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stage, but during maturation those levels drastically de-
crease to very low levels (Garnczarska et al., 2009). AsA 
content has been reported to increase after germination 
in L. albus and L. angustifolius (Frias et al., 2005; Fer-
nandez-Orozco et al., 2006). Growth of L. albus seedlings 
has been reported to be stimulated by AsA and inhibited 
by low AsA levels (Arrigoni et al., 1997).  The aim of this 
work is therefore to establish the baseline foliar ascorbate 
levels of selected domesticated and wild lupins throughout 
the life cycle of these plants.

MATERIALS AND METHODS
Plant materials and growth conditions

Seeds of selected domesticated and wild Lupinus spe-
cies were obtained from various sources as indicated in 
Table 1. Seeds of L. albus, L. angustifolius, L. hartwegii 
nanus, L. hybridus, L. perennis and L. polyphyllus were 
surface-sterilized in 70% (v/v) ethanol for 10 min follo-
wed by 15 min in 10% (v/v) sodium hypochlorite. Next, 
seeds were rinsed thoroughly with deionized water and 
germinated on petri dishes containing Murashige and 
Skoog media.  Seeds of L. elegans and L. mexicanus 
required scarifi cation (30 min incubation in pure sulfu-
ric acid) prior to planting. Plates were maintained in an 
environmental controlled chamber under the following 
conditions: 25 oC, 55% relative humidity, 16:8 h photo-
period and photon fl ux density of 200 μmol/m2/s. After 
germination, one seedling was transferred to each  4x4 in 
pot containing 2 parts of Pro-Mix BX (Premier Horticul-
ture) and 1 part of Pro-Mix PGX (Premier Horticulture) 
supplemented with 1 teaspoon of Osmocote 14-14-14 
(Scotts) per gallon of soil mix. Plants were grown in an 
environmental controlled chamber until maturity. Leaves 
of similar age were collected for ascorbate measurements 
at three distinct developmental stages: vegetative (T1), 
bolting (T2) and reproductive (T3). Samples were taken 
between 9 and 11 am, this is 1-3 h after lights in the growth 
chamber went on. 

Ascorbic acid measurements

Ascorbic acid content was measured by the ascorbate 
oxidase protocol, an enzyme-based spectrophotometric 
method as described (Lorence et al., 2004). This is a very 
well established analytical assay used by multiple research 
teams in the vitamin C arena. Examples of papers using 
this method from high profi le research teams are: Queval 
and Noctor, 2007; Chen and Gallie, 2008; Maruta et al., 
2010. Briefl y, plant extracts were made from tissue frozen 
in liquid nitrogen, ground in 6% (w/v) meta-phosphoric 
acid, and centrifuged at 15,000xg for 15 min. Reduced 
AsA was determined by measuring the decrease in A265 
(extinction coeffi cient of 14.3/cm/mM) after the addition 
of 1 unit of ascorbate oxidase (Sigma) to 1 mL of the 

reaction mixture containing the plant extract in 100 mM 
potassium buffer pH 6.9. Oxidized ascorbate (dehydro-
ascorbate, DHA) was measured by the increase in A265 
after addition of 1 μL of 200 mM dithiotrietol to 1 mL of 
reaction mix and incubating at room temperature for 20 
min. Total AsA was calculated as the sum of the reduced 
and oxidized forms of ascorbate.

Statistical analysis

Each data point is the mean of three biological re-
plicates analyzed in duplicate. Experimental data were 
analyzed by an analysis of variance using the Minitab 15 
Statistical Software (Minitab). Signifi cant differences 
were considered at P≤ 0.05 level.

RESULTS AND DISCUSSION
With the goal of establishing the baseline steady state 

foliar AsA content of selected lupins during the entire life 
cycle of the plant we selected various domesticated and 
wild species (Table 1). Plants were grown under controlled 
conditions and leaf samples were taken at three distinct 
developmental stages: T1 (early vegetative), T2 (bolting) 
and T3 (reproductive, fl owering). In the case of L. albus, 
L. angustifolius, L. elegans and L. mexicanus T1 and T2 
samples were collected 28 and 50 days after soaking, while 
in the case of L. hartwegii nanus, L. hybridus, L. perennis 
and L. polyphyllus samples were taken at days 43 and 86. 
In our experiments domesticated species grew signifi cantly 
faster compared to the wild ones. L. albus and L. angustifo-
lius plants were fl owering when T3 samples were taken (74 
days after soaking), while only L. hartweggi nanus plants 
were fl owering at day 86 of the experiment.

Figures 1 and 2 show the total AsA content we measu-
red in domesticate and wild Lupinus species, respectively. 
As observed in the fi gures the variation of AsA foliar 
content within biological replicates in these species is 
relatively high despite the fact that plants were grown 
under tightly controlled conditions.   In Arabidopsis 
thaliana, the model plant for which we known the most 
about vitamin C metabolism, foliar AsA content has been 
reported to decline as plant age (Zhang et al., 2009). The 
Lorence Laboratory has observed a similar trend in other 
mustards, tomato, and in species of the morning glory 
family (unpublished). Interestingly in Lupinus sp. foliar 
AsA content follows a very different pattern: AsA reaches 
a maximum at the bolting stage (T2) while later declining 
to levels detected at the early vegetative state. 

The foliar AsA levels we measured are in agreement 
with data previously reported for L. angustifolius var. 
Zapaton were AsA has been reported to increase from 
4.6 to 10.1 μmol/g FW at days 2 and 5 after germination, 
respectively (Fernandez-Orozco et al., 2006). A study 
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performed in L. albus var. Multolupa reported that AsA 
increases from 11.9 to 31.0 μmol/g FW in days 2 and 9 
after germination (Frias et al., 2005). The levels detected 
at day 9 are signifi cantly higher than those we measured 
for the two L. albus accessions we analyzed. The diffe-
rences may be explained by differences in genotypes, 
growth conditions, or methodological differences between 
the techniques used (micellar electrokinetic capillary 
electrophoresis in their case vs. ascorbate-oxidase spec-
trophotometric method in our case). There are no reports 
in the literature about the foliar AsA content of the wild 
Lupinus species here studied, and therefore we have no 
points of reference to compare our results with. 

Table 2 summarizes the AsA measurements reported 
in Figures 1 and 2. Of the domesticated species L. angu-
stifolius shows the highest AsA level, while L. hartwegii 
nanus and L. perennis are the wild lupins that display the 
highest AsA content. These species are the leads we are 
pursuing in further studies. 

Experiments to determine the AsA content in different 
tissues of the lupin plant as well as studies to determine 
which of the various pathways leading to AsA formation 
are operational in these species are ongoing. It would be 
for example interesting to follow the daily variation of 
AsA/DHA under fi eld conditions and to compare such 
values among the cultivars and between well irrigated and 
water-stressed plants. We suspect that in those cases, the 
differences in foliar AsA content encountered could well 
be much larger, and therefore more interesting and perti-
nent to analyze differences in operational biosynthetic pa-
thways and gene regulation under those circumstances.
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ABSTRACT 
Lupanine was extracted, chemically purifi ed 

from L. exaltatus, and orally administered to Wistar 
rats at doses of: 40, 80 and 160 mg/Kg body weight in 
comparison to 30 mg/kg of carbamazepine (CBZ) and 
0.5 ml of dimethylsulfoxide (DMSO) during 15 days. 
On day 15th the inhibitory effects of MES and scPTZ 
induced seizures, Morris test, cardiac perfusion for 
tissue fi xation and further morphological studies and 
measurement of biochemical markers of toxicity were 
performed. Lupanine did not inhibit MES induced 
seizures; however, 100% of the 40mg/kg and 80mg/kg, 
and 25% 160 mg/kg group lupanine treated became 
protected against scPTZ in comparison to 31.57% 
found for CBZ. Partial protection was observed 
through a prolonged latency duration together with 
a shortening of refl ex duration. The DMSO group 
always developed seizures. Blood serum general 
biochemical tissue functioning markers were found 
within normal range in all groups. Learning and 
memory did not become affected in any studied 
group. Behavior was better in lupanine treated 
animals than CBZ group. Morphological alterations 
in liver and kidney were observed at 160 mg/kg of 
body weight. Thus, lupanine protect against scPTZ 
induced seizures (non-convulsive seizures in human), 
it is a non-toxic alkaloid and it does not affect memory 
in our assay conditions. 

KEY WORDS
lupanine, epilepsy, anticonvulsants, toxicity, antiepileptic 
drugs

INTRODUCTION
The wild Lupinus genus is widely distributed in 

México. Approximately 80 species are found throughout 
the country (Dunn, 1979; Mc Vaugh, 1987). Although 
more than 150 alkaloids, of the quinolizidine group 
have been identifi ed in different Lupinus species (Wink, 
1988), sparteine and lupanine are the major quinolizidinic 
alkaloids present in almost all wild American Lupinus 
species. The aqueous lupine extracts containing mainly 
lupanine and sparteine, enhance insulin release from 
isolated rat pancreatic islets (Paolisso et al., 1985; Pereira 
et al., 2001). Also, isolated lupanine and sparteine has 
been shown to increase insulin secretion in vitro through 
blockage of h-cell plasma membrane KATP-sensitive 
channels among several tested quinolizidinic alkaloids 
(García-López et al, 2004). Sparteine possess Na+ and K+ 
channel blocking properties which may account for their 
antiarrhythmic actions against electrical and ischemic 
arrhythmias (Honerjager et al. 1986; Pugsley et al., 1992). 
This mechanism might also be involved to explain the 
anticonvulsive property demonstrated in Wistar rats in 
our Laboratory (Garzón-de la Mora et al., 2008). Because, 
the chemical difference between sparteine and lupanine 
is minimal, and lupanine predominates up to 90% in 
L. exaltatus seeds (Wink et al., 1995) we decided to 
evaluate the inhibitory capacity of lupanine against ex-
perimentally induced epileptiform seizures in Wistar rats 
as well as lupanine potential harmful effects on tissues, 
organs and the learning and memory processes.

MATERIALS AND METHODS
Animals. 
All experiments conducted in our laboratory were 

performed according to guidelines established by the 
Animal Care Committee of the University of Guadalajara 
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Male Wistar rats (CUCS Animal Care Centre) between 
200-300 g were used for all animal studies. Adult Wistar 
rats (200 to 350 g) were obtained from the Bioterium of the 
Centro Universitario de Ciencias de la Salud, University of 
Guadalajara. All rats were freely fed with standard animal 
food, and had free access to tap water. Temperature within 
cages was about 22°C and air humidity 50%. All experi-
ments were conducted at the Laboratory of Biochemistry 
at 22°C. Rats were housed in a temperature controlled 
room and maintained on a 12 h. light/dark cycles. 

Solutions and drugs. Carbamazepine (CBZ) and 
dimethylsulfoxide (DMSO) were purchased from Sigma 
Co., St. Louis, USA. Lupanine was purifi ed at the Faculty 
of Chemistry, Adam Mickiewicz University, Poznań, 
Poland. All reagents used to prepare buffer solutions, 
fi xatives, staining solutions were locally purchased.

Alkaloid Extraction.
The fat was fi rst removed from 500 g of L. exaltatus 

fl our with petroleum ether for 8 hours using a Soxhlet 
apparatus. Subsequently, the crude alkaloid extract was 
prepared (Wink et al, 1998) and the yellow light oil mass 
obtained (0.46 % by weight of the dry fl our) was kept at 
-20 °C until use.  

Alkaloid analysis.
The crude alkaloid extract  and lupanine isolated 

fraction were submitted to high resolution gas chroma-
tography under the following conditions: DB1 (J & W) 
fused silica capillary column (15 m × 0.25 mm), helium as 
carrier gas and a FID detector set at 300°C. The injection 
temperature was 250°C with a 1:5 split-splitless ratio; the 
oven temperature program was: initial temperature 150°C 
2 min isothermal, 150-250° at 15°C min-1, 250-300°C at 
25°C min-1, 300°C 15 min isothermal. Capillary GC-MS 
was performed on an Ohio Valley OV-1 column (15 m × 
0.25 mm) coupled directly to a quadruple Finningan Mat 
4500 mass spectrometer. EIMS were recorded at 70 eV. 
The following conditions were used: Helium as carrier 
gas, splitless, injection temperature 250°C, oven 120°C / 
2 min isothermal, 120-250°C at 10° min-1, 250-300°C at 
15° min-1. The RI’s were calculated using a co-injected 
hydrocarbon standard.  

Maximal electroshock seizure (MES) inducing test. 
A 60 Hz alternating current of 120 V and 150 mA shock 
was applied to the animals through both ears electrodes for 
0.2 s. Electroconductivity was enhanced with humidifi ed 
gauze covered electrodes in 0.9% NaCl on both ears The 
main measurable component of this experimental model 
is the hind-limb tonic extensor refl ex The effi ciency of a 
substance to inhibit this reactions suggest an anticonvul-
sant activity. On the other hand, in order to assure whether 
a partial protection occur or not, the elapsed time from 
stimulus application until refl ex appearance (latency), 
length of refl ex (Refl ex) and the elapsed time from refl ex 

ending until the recovery of a normal orthostatic posi-
tion (uprising) and the spontaneous walking (recovery) 
is measured. After drugs pre-treatment those animals 
that show no hind-limb refl ex are considered protected 
against MES. Such protection is plotted from 0 to 100% 
of non-convulsing animals. Those convulsing ones might 
be either unprotected or partly protected whether they 
are 0%, non-convulsing or fall between the range of 10 
and 90% hind-refl ex inhibition. On the other hand, when 
we plot the hourly means of each hind-limb refl ex stage 
duration (latency, refl ex duration, uprising and  recovery) 
of their entire 8 h period of the partly protected animals, 
the all or none electrical pulse triggering from central 
nervous system is evaluated (Swinyard, 1972).

Pentamethylenetetrazole seizure inducing test 
(scPTZ). The equivalence to 99% convulsive dose (70 
mg/kg) of pentamethylenetetrazole (PTZ) was dissolved 
in 0.9% NaCl (3.5 mg/ml) and then 0.1 ml of the PTZ 
solution was injected into a loose fold of the dorsal skin. 
Animals were placed in individual cages and their phar-
macological response was analyzed throughout 60 min for 
presence or absence of an episode of clonic spasm persist-
ing for at least 5 seconds (Garzón-De la Mora, 1986). The 
lack of this crisis after the administration any substance 
submitted to study reveals its anticonvulsant properties. 
Time of latency, which is the elapsed time from injection 
until spasm occurrence was measured in those animals 
that developed clonic convulsions. Animals displaying 
the convulsions within an observational period of 30 
min were classifi ed as scPTZ (+) and the ones that did 
not develop a crisis as scPTZ (-). Drug protection against 
scPTZ is measured in % of non-convulsing animals that 
were previously classifi ed as scPTZ (+).

EXPERIMENTAL ASSAYS
MES and scPTZ seizure inducing tests were per-

formed in all rats previously to any drug treatment in order 
to assess individual seizure susceptibility and to defi ne 
the control parameter values. Thereafter, these animals 
were allowed to recover for 7 days from MES or scPTZ in 
order to return to basal central nervous system responses 
as well as for PTZ clearance. Only seizure-susceptible rats 
(+) were included in the experimental groups and were 
divided into 10 groups to perform MES and 10 scPTZ 
seizure inducing tests after 7 and 15 days of treatment, 
correspondingly.

Procedures. The Morris Water Maze (MWM) test 
was performed at the end of each drug treatment period. 
All rats received their drug treatment during the fi ve days 
recording period of the Morris test, and one more day 
before performing MES and scPTZ tests, correspond-
ingly. Perfusion with tissue fi xatives was performed 
after blood withdrawal from retro orbitary plexus. Acute 
convulsive assays were performed in 5 groups of 100 for 
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MES and 5 groups of 100 scPTZ(+) rats using MES and 
scPTZ devices. Ten subgroups orally received: 40, 80 and 
160 mg/ kg of lupanine; 30 mg/kg carbamazepine (CBZ) 
and 0.5 ml of DMSO during 7 and 15 days. By the end of 
these periods the Morris water maze test was performed. 
Percent of protection and duration of hind-limb stages 
in the MES test and that induced by the scPTZ test was 
measured in seconds in each partly protected rat of every 
tested dose and drug ś group. Finally, blood samples were 
taken from retro orbitary plexus to measure blood glucose, 
urea, creatinine, ALT, ASP, cholesterol, triglycerides. 
Three animals from each group was hearth perfused 
with 4% formaldehyde containing buffered solutions to 
fi x tissues in situ.

Morris water maze. This test was performed daily 
during 5 days period in a sound-proofed room with dif-
fuse light and a neutral visual environment. The testing 
room used (6 m × 4 m) was devoid of windows, and lit 
with diffuse and attenuated white fluorescent light. A 
black plastic circular tank (170 cm diameter, 37 cm deep), 
was filled with warm water (23 ± 3°C) to a depth of 25 
cm. The tank was divided imaginarily into North, South, 
East and West quadrants. At the center of a randomly 
selected quadrant, a fixed cylindrical black platform (24 
cm× 10 cm) remained hidden throughout the study. The 
upper limit of the platform remained 1 cm below water 
surface and was therefore invisible to the rat. A beige 
curtain around the pool allowed a neutral visual environ-
ment. The extra maze spatial cues used to help rats to 
locate the platform consisted of four distinct geometrical 
figures (25 cm × 40 cm) placed within each quadrant, 
1.50 m above the water surface. The experiments were 
recorded with a VCR Panasonic video camera connected 
to a TV. Experimenters were kept out the visual field of 
the rats while they were swimming as well as while they 
remained on the platform. Experimental results were 
manually extracted from videocassette images without 
researchers’ knowledge of the regime under which the 
rats had been maintained. On the first day of the MWM 
test, a habituation session was performed without record-
ing it. In this session, the rats were deposited into the 
water in the circular tank facing the wall of the pool, and 
allowed to swim for a maximum of 60 s in the absence 
of the escape platform. The session consisted of four 
consecutive 60 s swimming periods with a 10-12 min 
interval from the end of one period to the beginning of 
another. Each of the four intervals was initiated after 
placing each rat within the pool at a different quadrant, 
the order of which was randomly determined (no quadrant 
being repeated). Once starting from the chosen quadrant 
each rat was clockwise deposited in the remaining three 
quadrants. After the initial habituation session, the same 
protocol was followed in the trials that were carried out 
over the following seven days, in which the rats were 
required to locate a hidden platform. Once the rat found 
the platform, it was allowed to remain there for 10 s 

before being returned to the holding cage where it was 
kept warm with an incandescent lamp. If the rat failed 
to find the platform within the given time period, it was 
manually guided toward the platform and allowed to re-
main there for 10 s. Rats’ performance in reaching their 
goal was measured in terms of the elapsed time to find 
the hidden plat form (latency time), the distance swum, 
the time spent in the quadrant with the platform, and the 
navigation speed. After finishing the trial, animals were 
returned to their home cages (Morris, 1986). 

TISSUE PREPARATION
After memory and anticonvulsive assessment, all 

animals were anesthetized with an intramuscular injec-
tion of Triletamine-Zolazepam, blood was withdrawn to 
measure biochemical markers of organ functioning and 
immediately sacrifi ced by intracardiac perfusion. Rats 
were perfused with a solution contain ing 10 units/ml of 
heparin and 0.01% procaine/ml in 180 ml of 0.9% NaCl for 
approximately 2 min, at body temperature. Afterwards, 
280 ml of 4% formaldehyde in 0.1 M phosphate buffer 
(pH 7.4) were perfused for 10 min. Each brain of the 
perfused rats were removed by craneotomy, postfi xed by 
immersion for 12 h at 4°C in the same fi xative solution, 
then immersed over 48 h at 4°C within a cryoprotectant 
containing 30% sucrose, 1% arabic gum in 0.9% NaCl, 
until they sank. Coronal 40 μm brain slices were obtained 
with a freezing microtome and washed in 0.1 M phosphate 
buffered saline (PBS, 0.9% NaCl in 0.1 M phosphate). Sec-
tions were immersed in a preservative solution composed 
of 30% dextrose, 60% ethyleneglycol and 10% polyvinyl-
pyrrolidone until the beginning of immunocytochemical 
procedures. All tissues were also processed into paraffi n 
bocks and cut for hematoxylin and eosin staining.

Data analysis. Our experimental design was set up 
to seek the events which occur at a confi dence level of 
p< 0.05 in order to analyze whether a uniform response of 
each stage of the hind-limb refl ex in partly protected rats 
occur or not. The anticonvulsant effect of rats with drugs 
and vehicle against MES or scPTZ convulsing devices 
was expressed as percentage of non-convulsed animals 
(abolition of seizures). Hind-limb refl ex duration, latency, 
recovery and uprising times as well as scPTZ latency were 
reported as the mean and standard error of the mean (in 
seconds) and ANOVA treated. All results were Student 
t-test validated at P<0.05 (Downie, 1973).

RESULTS
At it is shown on Table 1 lupanine did not inhibit the 

MES induced seizures. Carbamazepine protected 90% of 
the MES tested rats. Those partly protected animals di-
splayed a shortened refl ex duration and delayed latency.
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Lupanine treated animals inhibited 100% scPTZ 
induced seizures in the 40 mg/kg and 80 mg/kg treated 
groups (Table 2). The 160 mg/kg lupanine group display-
ed only 25% protection against induced seizures; however 
refl ex appearance was found increased and the recovery 
time shortened. CBZ protected 31.57% against scPTZ 
induced seizures. All rats receiving DMSO developed 
convulsions. 

Liver and kidney functioning appear to be normal 
because alanine amine transferase and aspartate amine 
transferase activities were found within normal values. 
Blood urea and creatinine levels corresponded to normal 
values. Glycemia and lipids represented by triglycerides 
and cholesterol also were found within normal levels. 

Latency mean values and SM were measured during 
fi ve consecutive days of MWM assays of control (DMSO) 
and experimental (Lupanine and CBZ) groups. Figure 1
shows that during the fi rst three days of the Morris water 
maze tests, rats treated with 40 mg/kg, 80 mg/kg and 
160 mg/kg lupanine and those receiving CBZ treated 
required more time to fi nd the hidden platform than rats 
fed receiving DMSO (P <0.05). However, no signifi cant 

differences in latency times among all lupanine and CBZ 
treated rats was observed on the fourth and fi fth days

Total swam distances were measured in control and 
experimental rats until finding the hidden platform. The 
Figure 2 shows the total distance covered by rats before 
fi nding the hidden platform. Longer distances were 
swam by CBZ group when compared with DMSO and 
untreated control during the fi rst three days (P ≤ 0.05). 
All lupanine groups displayed values close to those of 
DMSO and the untreated group, except for the160mg/kg 
who swan less rapidly than control and the remaining 
lupanine treated groups, particularly during the last three 
days (p<0.05). 

Swimming velocity and the necessary time to reach 
the hidden platform was measured. DMSO treated rats 
swam slower than untreated and 40 mg/kg, 80 mg/kg 
and 160 mg/kg and 30 mg/kg CBZ treated groups of rats 
(P ≤ 0.05) (Figure 3). Although DMSO and 80 mg/kg 
required less time to locate the hidden platform, lupa-
nine and those receiving CBZ were signifi cantly slower 
during the second and third days of the WMM test. 
However, on the fi fth day the speed of the experimental 

groups was similar to that of 
control rats.

Figure 4 shows the per-
centage of time spent by the 
rats in the quadrant where the 
hidden platform was located. 
We considered the total test 
time of 90 sec to be 100%. 
As the trials progressed, the 
untreated and DMSO control 
and CBZ treated animals 
spent more time in the cor-
rect quadrant. All lupanine 
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treated groups spent less time in the quadrant during 
the fi rst four days of the WMM test until the fourth and 
fi fth days, an indication of the progressive improvement 
in their spatial orientation of all rats. No signifi cant dif-
ferences were observed between groups during the last 
two days. 

Figure 1. Latency: Time to reach platform.

Figure 3. Swimming speed.

Figure 4. Time od stay at the platform quadrant.

Figure 2. Length of swimming path

DISCUSSION
There is still a strong demand for new drugs to treat 

epilepsy even though it is one of the most common brain 
disorders. Conventional antiepileptic drugs fail to control 
the onset of seizures in about 30% of patients (Brodie and 
Dichter, 1996) and their administration is often associated 
with adverse side-effects (such as behavioral problems 
and cognitive impairment) or interactions with other 
drugs, especially in children (Mattson, 1992; Kalviainen 
et al., 1996). Although lupin alkaloids are responsible for 
predator intoxication following ingestion of wild lupin, 
lupanine and sparteine the alkaloids most commonly 
found in L. exaltatus were found to be largely non-toxic 
when assayed in vitro (Wink, 1993) and in vivo, both in 
diabetic animals and in experimental models of epilep-
tiform seizures. However, kidney degeneration has ob-
served seen in animals treated with 160 mg/kg lupanine, 
despite normal urea and creatinine values, as also noted 
in earlier experiments using the same dose of sparteine 
(Garzón-de la Mora, 2008).

At doses of 40 and 80 mg/kg, lupanine administration 
had no toxic effects in liver, heart or kidneys during the 
testing periods. Similarly, no toxic effects were observed 
after CBZ administration. Urea, creatinine, triglycerides, 
TGO and TGP blood serum levels were all normal in ani-
mals treated with 40 and 80 mg/kg lupanine or 30 mg/kg 
CBZ. Moreover the morphology of the liver, kidney, heart, 
brain and muscle did not appear to be affected by admin-
istering 40 and 80 mg/kg lupanine or 30 mg/kg CBZ.

Sparteine produced a dose-dependent reduction in 
blood pressure and heart rate in anaesthetized rats, sug-
gesting that it acts as a myocardial suppressant like class 
I antiarrhythmic drugs. In vivo, sparteine blocks cardiac 
Na+ and K+ channels with similar effi cacy. However, there 
is no data regarding the electroencephalographic activity 
of sparteine or lupanine, or their capacity to block brain 
Na+ or K+ channels, which could explain the inhibition 
of central nervous system post-discharges such as those 
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seen during scPTZ stimulation. As such, the mechanism 
underlying the activity of both sparteine and lupanine may 
be similar to that involved in Na+ channel inhibition by 
phenytoin in the heart and central nervous system when 
impairs arrhythmia and convulsive seizures.

The memory and spatial learning studies demonstrat-
ed permanent effects of lupanine and CBZ on the latency, 
distance swam, time spent within the platform quadrant 
and swimming speed. By the fifth day of the MWM test, 
lupanine and CBZ-treated rats displayed a similar capacity 
to DMSO-treated and untreated animals, an effect we at-
tributed to training. Despite initial difficulties in locating 
the hidden platform during the first 3 days of training in 
the MWM test, this challenge may have been overcome by 
virtue of repetition. Once rats memorized the position of 
the hidden platform they were able to remember it, without 
difficulty, for up to14 days after the last spatial memory 
test. Accordingly, it seems likely that no permanent dam-
age has occurred in the hippocampus. These fi ndings 
indicate that oral administration of lupanine has no effect 
on short-term memory or spatial learning.

Taken together, the above fi ndings demonstrate the 
suitability of lupanine in the treatment of non-convulsive 
seizures.

CONCLUSIONS 
Lupanine administration at the doses used here is not 

the toxic  anticonvulsant and it does not alter memory and 
spatial learning in the MWM test.
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ABSTRACT
The objective of this study was to evaluate the ef-

fect of including white lupin hulls in a rabbit diet on 
the digestibility of nutrients and growth perform-
ance. Cellulose was the major constituent of hull 
structural polysaccharides. Two experimental di-
ets were formulated: C (control) and WLH diet (50 
g white lupin hulls/kg). The C diet had more wheat 
bran and less barley than the WLH diet. Thus, the 
WLH diet contained slightly less hemicelluloses and 
more starch than the C diet. A total of 24 Hyplus rab-
bits (PS 19 x PS 39) were individually housed, ran-
domly allocated to two groups and were fed one of 
the two experimental diets from 31 to 73 days of age. 
Diets were offered to rabbits for ad libitum consump-
tion. Rabbits were weighed every 7 days and feed in-
take was measured every day. The coeffi cient of total 
tract apparent digestibility (CTTAD) of dry matter, 
gross energy, crude protein and neutral detergent fi -
bre (NDF) of the experimental diets was determined 
in rabbits between 45 and 49 days of age. Diets used 
in this study had a similar digestible crude protein/
digestible energy ratio (11.2 and 10.7 g/MJ for the C 
and WLH diet, respectively). Thus, no signifi cant dif-
ferences were observed between treatments regard-
ing weight gain (on average 52.4 g/d), feed intake (on 
average 155.1 g/d) or feed conversion ratio (on aver-
age 2.97). Similarly, there were no signifi cant differ-
ences between treatments with respect to the CTTAD 
of dry matter, gross energy, crude protein or NDF. It 
can be concluded that white lupin hulls can serve as 
a suitable by-product for rabbit feed, without signifi -
cant reduction in the nutritive value of the diet.

KEY WORDS
rabbit, white lupin hulls, diet, nutritive value

INTRODUCTION
There is evidence in the literature that whole white 

lupin seeds (Lupinus albus, Amiga) are a suitable dietary 
protein source for growing-fattening rabbits that can fully 
replace traditionally used protein sources (soybean meal 
and sunfl ower meal) without adverse effects on the dige-
stibility of nutrients, caecal traits, performance or carcass 
parameters (Volek and Marounek, 2009). Furthermore, 
Volek and Marounek (2011) reported that feeding rabbits 
the diet based on whole white lupin seeds (Lupinus albus, 
Amiga) signifi cantly decreased saturated fatty acids con-
tent, as well as the PUFA n-6/PUFA n-3 ratio and satura-
tion, atherogenic and thrombogenic indexes in hind leg 
meat compared to rabbits fed the diet based on sunfl ower 
meal. Thus, dehulling of lupin seeds is not important for 
the growing-fattening rabbits with respect to the nutritive 
value of the diet. However, in other species such as broiler 
chickens, dehulling of lupin seeds is an effective means 
of reducing the level of some antinutritional factors (high 
level of non-starch polysaccharides) and improving the 
feeding value of lupin seeds (Mieczkowska et al., 2005; 
Nalle et al., 2010). Since the favourable effect of a high 
fi bre intake on rabbit digestive health is known (Gidenne 
et al., 2010), removed hulls might be used as an agro-in-
dustrial by-product for the rabbit feed. To our knowledge, 
however, there is no information in the available literature 
regarding the nutritive value of the diet containing lupin 
hulls. Therefore, the objective of this study was to evaluate 
the effect of including lupin hulls in a rabbit diet on the 
digestibility of nutrients and growth performance.

MATERIALS AND METHODS

Experimental diets

Two experimental diets were formulated: C (con-
trol) and WLH diet. The C diet contained common feed 
components, whereas the VLH diet contained 50 g of 
white lupin hulls/kg (Table 1). The hulls were obtained 
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by hand dehulling of seeds. The diets were designed to 
have similar levels of crude protein, neutral detergent 
fi bre, acid detergent fi bre and ether extract (Table 2). 
The C diet had more wheat bran and less barley than the 
WLH diet. Thus, the WLH diet contained only slightly 

less hemicelluloses and more starch than the C diet (Table 
2). Diets were offered as 3 mm pellets with a length of 
5-10 mm. Apart from salinomycin, an ionophore used to 
control coccidiosis, no other medication was included in 
the feed or in the drinking water. 
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Rabbit husbandry and experimental design

A total of 24 Hyplus rabbits (PS 19 × PS 39), 31 days 
old at the beginning of the trial, were randomly allocated 
to two groups and fed one of the experimental diets for 42 
days, at which time the rabbits were 73 days old. Animals 
were kept under controlled environmental conditions 
(at room temperature between 16 and 1oC, a relative 
humidity of ca 60% and 12 h of light per day) and were 
individually housed in digestibility cages (50 cm × 
40 cm × 42.5 cm). Diets were offered for ad libitum con-
sumption. Rabbits were weighed every 7 days and feed 
intake was measured every day. The coeffi cient of total 
tract apparent digestibility (CTTAD) of dry matter, crude 
protein, gross energy and neutral detergent fi bre (NDF) of 
the experimental diets was determined when the rabbits 
were between 45 and 49 days old, in accordance with the 
European reference method (Perez et al., 1995). 

Analytical methods and statistical analyses
Dry matter was determined by drying samples of feed 

and faeces at 105oC to a constant weight. Crude protein 
and fat content were determined by means of Kjeltec Auto 
1030 Analyser and Soxtec 1043, respectively, from Tecator 
AB (Sweden). Neutral detergent fi bre, acid detergent fi bre 
(ADF) and acid detergent lignin (ADL) were determined 

according to the procedure of Van Soest et al. (1991), 
using a Fibertec 2010 from the same company. Starch was 
measured polarimetrically. Gross energy was measured 
using an adiabatic calorimeter (C5000 control, IKA-We-
rke, Germany). Data on the performance and CTTAD of 
the diets were examined by one-way analysis of variance 
using the GLM procedure of the SAS (2001). The indivi-
dual rabbit was used as the experimental unit.

RESULTS AND DISCUSSION

Cellulose was the predominant constituent (57.4%) of 
hulls structural polysaccharides which is in accord with 
the reports of Brillouet and Riochet (1983) and Gdala 
(1998) (Table 2). There were no signifi cant differences 
between treatments with respect to the CTTAD of dry 
matter, gross energy or crude protein (Table 3). Although 
no signifi cant differences were detected, the CTTAD of 
NDF was lower in rabbits fed the diet containing white 
lupin hulls compared to control rabbits (0.428 and 0.451 
for the WLH and C diet, respectively), probably associated 
with the slightly higher lignin content of the WLH diet 
(Gidenne et al., 2010). Since digestible crude protein:
digestible energy ratio (11.2 and 10.7 g/MJ for the C and 
WLH diet, respectively) of the experimental diet was 
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similar, no signifi cant differences between treatments 
regarding weight gain (on average 52.4 g/d), feed intake 
(on average 155.1 g/d) or feed conversion ratio (on average 
2.97) occurred (Table 4) (de Blas and Mateos, 2010).

CONCLUSION

It can be concluded that white lupin hulls can serve 
as a suitable by-product for rabbit feed, without signifi -
cant reduction in the nutritive value of the diet. Further 
research should focus on the fi nding of maximal dietary 
level of lupin hulls. 
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ABSTRACT
Grain legumes included in Finnish agricultural 

systems are usually faba bean and pea, and they are 
used on less than 1% of the country’s arable land. 
Finnish agriculture could benefi t from the inclusion 
of other grain legumes. Selected cultivars of blue 
lupin (Lupinus angustifolius L.) can reach maturity 
in a timely fashion under Finnish environmental 
conditions. Here, we assess the nutritional quality of 
Finnish grown blue lupin. Field trials comprising four 
cultivars (Haags Blaue, Boruta, Sanabor, Boregine) 
were grown in 2009 in Helsinki, and of three cultivars 
(Haags Blaue, Boruta, Sonet) in 2010 in both Helsinki 
and Mikkeli. Seeds from both years were analyzed 
for protein and oil content, and in addition, folate 
content was measured in the 2010 harvest.

In both years there were signifi cant differences 
between cultivars in oil content at each location, and 
in 2010 the main effects and interaction of cultivar 
and site were signifi cant for protein content. The 
protein content ranged from 31.0 to 36.7% while 
the oil content ranged from 5.1 to 6.3%. For folate 
content, only the site effect was signifi cant, the value 
in the Helsinki-grown material being 3985 ng/g while 
that in the Mikkeli-grown material was 3422 ng/g 
(DW basis). The protein and oil content of Finnish 
grown lupin makes it suitable to be used in the feed 
industry, and could replace some imported soybean 
meal. Its remarkably high folate content is a unique 
attribute that adds value and interest to the use of 
lupin as an additive in food products.

KEY WORDS
blue lupin, narrow-leaf lupin, folate, nutritional quality

INTRODUCTION
Grain legumes included in Finnish agricultural sys-

tems are usually faba bean and pea, which are used on less 

than 1% of the country’s arable land. Finnish agriculture 
could benefi t from the inclusion of other grain legumes 
suited to short growing seasons, and with good nutritional 
characteristics (Stoddard et al. 2009).

Considering the need of expanding and including new 
legumes in Finnish agriculture and food systems, blue lu-
pin cultivars were screened to evaluate their suitability for 
Finnish Agriculture, and we were able to show that selected 
cultivars of blue lupin have acceptable maturity dates and 
some are advantageously earlier than faba beans, the earli-
est cultivar being Haags Blaue (Lizarazo et al. 2010).

The nutritional value of blue lupin seeds is character-
ized by its high protein content (28-38%), extremely low 
starch content (less than 1%), presence of carotenoids and 
high content of soluble sugars and beta galactan (Pate et 
al. 1985, Moss et al. 2001, Sujak et al. 2006). Due to their 
particular nutritional composition, blue lupin seeds have 
been attributed to have several health benefi ts such as low 
glycemic index (GI) and to improve hypertension among 
others; furthermore they have many potential uses as 
functional ingredients or additives in food products and 
in feed mixtures (Pollard et al., 2002, Sipsas 2008).

Both environment and climate infl uence plant physi-
ological processes and thus can affect seed composition. 
Thus, although we have shown that blue lupin can thrive 
in northern latitudes, we need to evaluate its nutritive 
quality under Finnish conditions. The aim of this study 
was to determine the nutritional quality of different blue 
lupin cultivars grown in southern Finland.

MATERIALS AND METHODS
Five cultivars of narrow-leafed lupin (Lupinus angu-

stifolius L.) were grown during 2009 and 2010 in Finland. 
Cvs Haags Blaue, Boruta, Boregine and Sanabor were 
obtained from Saatzucht Steinach, Germany and were 
sown at Viikki (Helsinki) in 2009. The following year, cvs 
Haags Blaue, Boruta and Sonet were sown at Viikki and 
Mikkeli. The Polish cv. Sonet was obtained from Purolan 
Kartano, Tuusula, Finland.
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Each experiment was laid out as a randomized com-
plete block trial with four replicates and was sown in 
early May. A subplot of 1 m2 was collected from each plot 
for quality analysis. Whole seeds were milled to pass a 
0.5 mm sieve using a Centrifugal Mill ZM200 Retsch. The 
resulting fl our was used for the quality analysis and was 
stored at -20°C until use. Moisture and ash content were 
determined following standard methods. Starch content 
was determined using the Megazyme total starch kit (K-
STSA 04/2009). Soluble sugar content was determined by 
the anthrone method (Sánchez et al. 1998). Oil content was 
analysed with a Soxtec™ 2055 system (AOAC 2003.06). 
Total carbon and nitrogen levels were analyzed by the 
Dumas combustion method in a Vario Max CN analyser. 
Total folate content was determined microbiologically as 
described by Kariluoto et al. (2010).

RESULTS AND DISCUSSION
The 2009 growing season was wetter and cooler than 

the 2010 growing season, which was unusually hot. Ne-
vertheless, there were few signifi cant differences between 
years in nutritive quality parameters, the only ones being 
for starch and ash content (P < 0.01).

The average starch content for 2009 was 0.66%, whi-
le for 2010 it was 0.73%, and there were no signifi cant 
differences between cultivars in 2009 neither in 2010. 

These results agree with the values reported by Moss et 
al. (2001). The average ash content in 2009 was 3.67% 
and in 2010 it was 3.98% (Table 1). Cultivars also differed 
signifi cantly for ash content (P < 0.05), with Boruta being 
consistently lowest (Table 1).

There were signifi cant differences in protein between 
cultivars (P < 0.001) and locations (P < 0.001), and the 
cultivar x location interaction for protein was signifi cant 
(P < 0.01). The protein content for most cultivars was 
above 30% except for Boregine and Sonet (at Viikki), 
which had 29.4% and 27.7% respectively; this result is 
in line with those reported for other cultivars grown in 
Europe (Sujak et al. 2006). The earliest cv. Haags Blaue 
had high protein content through years and locations, 
enhancing its attractiveness to farmers. In the future 
locally grown blue lupin may help to reduce the amount 
of soybean meal imported by Finland, which during the 
past 10 years has been more than 200 000 tonnes annually 
(Stoddard, 2009).

In 2010, Viikki-grown seeds had signifi cantly higher 
ash and oil content and lower protein and sugar content 
than Mikkeli-grown seeds, probably due to the difference 
in maximum and average temperatures in each location. 
Although there were signifi cant differences between loca-
tions (P < 0.001), the oil content of both locations is within 
the 5-8% range reported for blue lupin (Sujak et al. 2006). 
The average soluble sugar content in Viikki was 5.6% 
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while that in Mikkeli was 6.5% (Table 1), these values 
being much lower than the 9.5-13.1% reported by Cerning-
Beroard and Filiatre (1976 and 1980) on different cultivars 
in the different growing environment of France.

Blue lupin has remarkable nutritional attributes such 
as its high folate content. The average folate content in 
the Helsinki-grown material was 3990 ng/g while in the 
Mikkeli-grown material it was 3420 ng/g (DW basis); In 
contrast, whole-grain wheat fl our has only 500 ng/g folate 
(Kariluoto et al. 2010) and broccoli has 1140 ng/g, FW 
basis. Blue lupin has strong potential for making food 
products richer in folate. 

In conclusion, blue lupin grown in Finland has good 
nutritional quality and thus has good chances in the future 
for competing not only with traditional crops, but also 
with imported soybean. In 2011, germplasm screening 
will continue at Viikki, Mikkeli and also at Jokioinen 
and further aspects of nutritional quality for humans and 
animals will be investigated.
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ABSTRACT
The aim of this study was to compare chemical 

composition of several lupin cultivars of three 
species (Lupinus albus, Lupinus angustifolius and 
Lupinus luteus). The content of crude protein (CP) 
in dry matter of whole seeds in each cultivar was 
determined. As a part of this study, we also determined 
the content of sixteen basic amino acids (AA). The 
results corresponded with those in literature. Highly 
signifi cant difference (P≤0.01) in the content of CP 
between L. luteus and L. angustifolius; L. luteus was 
shown. The content of AA in nitrogen substances (CP) 
of each cultivar was evaluated. Highly signifi cant 
difference (P≤0.01) was observed only in the content 
of AA tyrosine between L. albus and L. luteus; L. 
angustifolius. According to the results of total AA 
composition, the percentage content of each AA in 
seeds of all lupin species was compared. L. luteus had 
the highest content of AA expressed as g/kg DM. The 
lowest content of AA was observed in L. angustifolius 
(P≤0.05). However, when expressed as percentage of 
AA in CP, L. albus contained the highest proportion 
of AA.

KEY WORDS
Amino acid, Lupinus albus, Lupinus angustifolius, Lu-
pinus luteus

INTRODUCTION
In terms of animal nutrition, lupin is a very rich source 

of protein. Lupin as a feed ingredient is used especially for 
its nutritional properties. It is appreciated for its very high 
amount of protein as well as high quality of AA content. 
More intensive production in the Czech Republic started 
in 2004, when the cultivar Amiga was registered. For 
feeding purpose, three species are used – Lupinus albus 
L., L. luteus L. and L. angustifolius L. 

The aim of this study was to compare chemical 
composition of lupin seeds in selected cultivars. We 
especially focused on crude protein (CP) and amino acid 
(AA) composition.

The content of CP on a dry matter basis in seed of 
L. albus, L. angustifolius and  L. luteus is 381 g/kg, 
324 g/kg and 361 g/kg, respectively (Jezierny et al., 2010). 
The content of CP in L. luteus seed can be higher – 467.9 g/kg
(Olkowski, 2011). On the contrary, the content of CP in 
L. albus seed can be lower by 32.2 ± 1.10 % (Erbas et al., 
2005), 297 g/kg (Volek and Marounek, 2009). In L. angu-
stifolius, the content of CP in lupin kernel is very variable 
and it ranges from 452 g/kg to 538 g/kg depending on 
cultivar. The content of AA (g/kg) in kernel is higher than 
in whole seed (Glencross et al., 2008).  In Mexican wild 
lupin seed, the content of CP ranges from 334 to 467 g/kg 
(García-López et al., 2001). Some studies show that the 
highest CP content is found in L. luteus seeds. All species 
are defi cient in methionine, lysine, tryptophan and valine, 
whereas the level of leucine was satisfactory in most of the 
species. Yellow lupin was defi cient in isoleucine. White 
lupin was found to be a nutritionally more valuable crop 
than other species considering standards of nutrition for 
adult humans and animals. Apart from the highest level 
of AA within the CP (AA – 97.7 g/16 g N, P≤0.01), it was 
found to contain better and nutritionally more benefi cial 
AA composition and the highest essential AA content 
(Sujak et al., 2006). Some studies present results of the AA 
content in lupin seeds (Roth-Maier et al., 2004; Steenfeldt 
et al., 2003; Olkowski, 2011; Jezierny et al., 2010). 

MATERIAL AND METHODS
We determined the content of CP and AA in whole 

seeds on a dry matter basis (DM).  The material to be 
analyzed consisted of whole seeds of seventeen cultivars 
of three species given below were used. L. albus cv.: 
Amiga, Butan, Dieta, LAL 1, Oležka, Prima and Watt; L. 
angustifolius cv.: APR 82, Boregine, Boruta, Karo, Pro-
bor, Rose and Sonet; and L. luteus cv.: Bornal, Juno and 
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Wodjil. From the cultivars listed above, only the following 
cultivars have been registered in the Czech Republic or 
other EU member countries: Amiga, Butan, Dieta, Prima 
and Watt (L. albus), Boregine, Boruta, Karo, Probor, Rose 
and Sonet (L. angustifolius) and Bornal, Juno, Wodjil (L. 
luteus) (Hýbl et al., 2011). The rest of them come from 
private collections. The whole lupin seeds were grounded 
and homogenized. The material prepared in this way was 
used for the analysis. Determination of dry matter, crude 
protein (g/kg DM) and 16 AA content was performed. We 
used the method mentioned in Commission Regulation 
(EC) No 152/2009 of 27 January 2009. The dry matter 
content was evaluated by determination of moisture. 
Determination of CP was done by Kjeldahl method using 
the apparatus Büchi Kjeldahl (Centec automatika). The 
value of total N in a sample was multiplied by factor 5.7 
to obtain the value of total CP in DM of the sample (g/
kg). In the next part of the study, the content of sixteen 
basic AA (aspartic acid, threonine, serine, glutamic acid, 
proline, glycine, alanine, valine, methionine, isoleucine, 
leucine, tyrosine, phenylalanine, histidine, lysine and 
arginine) was determined. The content of individual AA 
was evaluated by an analyzer INGOS AAA 400. Before 
analyzing, an acid hydrolysis of the sample had to been 
performed.  The sample was hydrolysed with diluted HCl 
for 24 hours at 110°C. The content of AA (g/kg) in nitro-
gen substances (CP) of each cultivar was evaluated. The 
data were statistically analysed using UNISTAT program, 
version for Excel 5.6. Signifi cant differences were found 
at the P<0.01 level and P<0.05 level.

RESULTS AND DISCUSSION
The results of CP and AA content for each cultivar 

were expressed as results for each species. Thus we ob-
tained 3 groups of results for L. albus, L. luteus and L. 
angustifolius. In these groups, we compared the results 
of CP content and AA content (g/kg) in whole lupin se-
eds for each species, respectively. Data are reported on 
a DM basis. Next, we compared individual AA and their 
percentage composition in CP and a lump sum of AA as 
a sign of protein quality. Results are shown in Table 1. CP 
concentrations in the lupin seeds ranged from 302.5 (L. 
angustifolius), followed by 328.4 (L. albus), to 401.8 g/kg 

DM (L. luteus). There was a signifi cant difference (P≤0.01) 
between CP content (g/kg) of L. luteus and L. albus. The 
same difference was found between L. luteus and L. an-
gustifolius. Higher values of CP in L. angustifolius (324 
g/kg) and L. albus (381 g/kg) were reported, whereas CP 
content in L. luteus was higher than that reported (361 
g/kg) (Jezierny, 2010). Number of CP in g/kg is dependent 
on factor used for conversion from nitrogen to CP. Gene-
rally, the L. luteus has been reported to contain the highest 
amount of CP (g/kg DM), confi rmed by values from 
Sujak et al. (2006) 465 ± 11 g/kg and Olkowski (2011) 
467.9 g/kg, whereas different cultivars of L. luteus were 
used. L. luteus had the highest content of AA (345.66) 
expressed as g/kg DM, followed by L. albus (310.76 g/kg 
DM). The lowest content of AA (275.65 g/kg DM) was 
observed in L. angustifolius (P≤0.05). AA composition 
of L. luteus agrees with the previously reported results 
(Olkowski, 2011), as well as with results of AA content 
(Roth-Maier et al., 2004) and results of AA content for 
L. angustifolius (Steenfeldt et al., 2003). Content of AA 
(g/kg) in L. angustifolius in our study was lower than 
reported for kernel meal (Glencross et al., 2008).

Differences (P≤0.01) in the content (g/kg DM) of 
named AA was shown: in tyrosine between L. albus 
and L. luteus; L. angustifolius. In histidine between L. 
luteus and L. albus; L. angustifolius. In lysine between 
L. luteus and L. angustifolius; L. albus (P≤0.05). In 
glutamic acid between L. luteus and L. angustifolius; L. 
albus (P≤0.05). In arginine (P≤0.05) between L. luteus 
and L. angustifolius. In aspartic acid (P≤0.01) between 
L. luteus and L. angustifolius and between L. albus and 
L. angustifolius (P≤0.05). In leucine (P≤0.01) between 
L. luteus and L. angustifolius. The content of AA in CP 
(%) of each cultivar was evaluated. L. albus contained the 
highest proportion of AA (94.6% AA of CP), followed by 
L. angustifolius (91.1% AA of CP) and L. luteus (86.0% 
AA of CP). Highly signifi cant difference (P≤0.01) was ob-
served in the percentage content of AA tyrosine between 
L. albus and L. luteus. The same difference was observed 
between L. albus and L. angustifolius, while between L. 
angustifolius and L. luteus, the difference (P≤0.05) was 
shown. The same was shown in the percentage content of 
isoleucine between L. albus and L. luteus and histidine 
between L. angustifolius and L. albus. According to the 
percentage share of each AA from the sum of AA, there 
is a signifi cant difference only in Ile, Tyr and His among 
the species. This fact is probably a matter of genetics.

CONCLUSION
This study acknowledges that differences between 

different lupin species in the content of CP and differences 
in protein quality can be signifi cant. The high variability 
can be observed between species as well as cultivars. This 
fact has been confi rmed by authors who analysed different 
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cultivars of the same species. This fact should be taken 
into consideration in formulating feed rations in animal 
nutrition. Lupin as a feed component must be evaluated 
depending on cultivar, not only species. The selection 
depends on other factors too. Climate conditions in the 
particular region are very important as they infl uence 
vegetation period and consequently the lupin growth. Very 
important is our perspective of qualifying the chemical 
composition. As noted above, CP content does not tell us 
much about the protein quality. It is important to compare 
the AA composition of CP too. L. luteus contains the hi-
ghest amount of CP and AA (g/kg DM), through that has 
the lowest percentage content of basic AA in CP. However, 
there is not a signifi cant difference among species.
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ABSTRACT
We applied the same proteomic procedures used 

in the study of domesticated Lupin globulins and 
pure conglutin-γ to demonstrate their presence in 
L. exaltatus. Albumins and globulins were extracted 
from defatted L. exaltatus seed fl our. Thereafter, 
85% (NH4)2SO4 saturation of 10% NaCl solubilized 
globulins allowed conglutin-α separation after 
dialysis against 0.2 M acetate buffer, pH 4.8, and 
proper sedimentation. Following centrifugation, the 
supernatant was dialyzed against water during 18 hours 
at 4°C to obtain conglutin-β in the precipitate, and the 
crude conglutin-γ that was purifi ed at 50% (NH4)2SO4 
saturation. All freeze dried protein fractions were 
submitted to amino acid analysis.  SDS-PAGE was 
performed to separate globulins (GLOB), conglutins α, 
β, and γ. Size exclusion (GEHPLC) and reverse phase 
HPLC (RPHPLC) allowed us to display each protein 
fraction profi le and ascertain the conglutin-γ presence. 
RPHPLC collected fractions were analyzed using 
a protein calibrated mass spectrometer (MALDITOF-
MS). Glutamine, proline and isoleucine reached 49% 
in conglutins-β. SDS-PAGE revealed the presence of 
a 45 KDa conglutin-γ band in globulins and conglutins-
α. MALDITOF-MS proved the conglutin-γ existence in 
L. exaltatus. The herein described proteomic analysis 
of L. exaltatus seed proteins revealed the existence of 
conglutin-γ.

KEY WORDS
Wild Lupins, L. exaltatus, conglutins, nutraceutics, 
proteomics

INTRODUCTION
The recognition of the nutraceutic properties of con-

glutin-γ from domesticated lupins has recently increased 

the interest in lupins crop. Domesticated and alkaloid-free 
wild lupins are richer crops than soybean in terms of pro-
tein content, and although the consumption of the former 
is still limited, the interest in domesticated lupins protein 
production is growing due to the expected developments 
related to nutraceutic use of this valuable protein source 
(Huyghe, 1997; Knight, 2000). Lupin proteins are gaining 
attention to replace animal proteins and other plants 
ingredients in several foods such as bakery products, 
imitation dairy and meat products, and beverages (Resta 
et al., 2008). An increasing demand of Lupinus proteins 
for feeding functionally through products for human con-
sumption as a replacement for soybean proteins (Sirtori 
et al., 2009) as well as the need of isolating large quantities 
of pure conglutin-γ for nutraceutical purposes, requires 
(Garzón-de la Mora, 2008b) of more and better inbred 
Lupinus varieties so as to increase the size of seeds as 
well as to reduce the time of growing the cultivar as occur 
with wild lupins in México, that usually last an average 
of three months and, require no raining at all during the 
spring time. Although, we have been working to set out 
a rapid and reliable method to isolate the very insoluble 
conglutin-γ (6%) from L. albus and L. angustifolius; we 
have also interested in defi ning what type of storage 
proteins are kept within wild lupin seeds and the possible 
existence of conglutin-γ, because a former assay using L. 
exaltatus whole globulins induced a glycemia decrease in 
Wistar rats (unreported). Therefore, the aim of this work 
was to isolate globulins and conglutins, and to analyze 
the conglutins α, β and γ purity of L. exaltatus globulin 
fractions using proteomic methods. 

MATERIALS AND METHODS
Plant material. Lupinus exaltatus seeds were col-

lected in Atemajac de Brizuela last may 2010 by Dr 
Pedro García-López . After dehulling, L. exaltatus seeds 
were ground into a fi ne fl our using a homemade grinder 
(JNF_2006*) and defatted in hexane (Garzón-de la Mora, 
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2008). Fat was removed from L. exaltatus fl our for 9 h 
in hexane using a Sohxlet distillation equipment at 40˚C 
until less than 5% of oil remained. This fl our was then 
stored within a drying chamber at 4°C until use after 
measuring protein content.

Globulins Recovery. Following albumin extraction 
in double distilled water from defatted L exaltatus fl our 
and its freeze drying, globulins were recovered from the 
sediment after centrifugation using three times 10% NaCl 
solution, centrifugation at 4°C, 5,000 rpm during 10 min. 
Pooled 10% NaCl solution supernatants  were made an 
85% (NH4)2SO4. saturated solution. The slurry was cen-
trifuged for 10 min at 10,000 rpm. The supernatant was 
decanted and the precipitate, containing the globulin frac-
tion, recovered. Pellets were dissolved in 0.02% sodium 
Azide, 0.15 M Na2HPO4/0.15 M NaH2PO4 buffer, pH 6.8 
and dialyzed three times against 0.2 M acetate buffer, 
pH 4.8 for conglutin-α recovery. After centrifugation, 
pooled supernatants were mixed and dialyzed against 
water for 48 hours, and centrifuged to obtain conglutin-β, 
and the crude conglutins-γ in the supernatant. The lat-
ter was suspended in 0.5 M Na2HPO4/NaH2PO4 buffer, 
pH 7, and (NH4)2SO4 was added to 50% saturation to 
obtain γ-conglutin in the precipitate. Each precipitate was 
freeze-dried at –50°C and 13 × 10-3 mbar, weighed and 
stored for further amino acid analysis (Schuster R., 1988) 
and other proteins studies (Joubert, 1956; Blagrove et al; 
1980; Garzón-de la Mora et al 2008).

Gel-fi ltration Chromatography (GEHPLC). Size 
exclusion chromatography of globulins, conglutins, eno-
lase and BSA was performed using a Biosep-SEC S 2000, 
300 × 7.8 mm column containing Superose 12 resin in 
0.25 mM PO4 buffer (pH 7.5) and using a programmable 
detector module set at 280 nm. Samples were eluted in 
a 0.25 mM PO4 buffer (pH 7.5) mobile phase at a fl ow 
rate of 1 ml/min. Selected peaks were collected for mass 
spectrometry  analysis (Barth et al., 1992).

Reverse Phase HPLC (RPHPLC). Ten mg of L. albus 
globulins, albumins, conglutins α, β and γ samples were 
solubilized in 0.25 M Na2HPO4 / NaH2PO4 buffer at pH 
8.5, sonicated for 5 min. Turbid samples were centrifuged 
at 3,000 rpm to remove the sediment and the supernatant 
was collected for protein measurement (Bradford) and 
HPLC separation of the proteins. The latter was carried 
out using a 9.4 mm × 25 cm Zorbax analytical column, 
equipped with a 0.5 mL extension loop attached to a 
Beckman System Gold with a 126 programmable solvent 
module and a 166 programmable detector module, as well 
as a uv detector set at 280 nm. The column was eluted 
with 10 mM TFA in HPLC water (A) and 10 mM TFA 
in acetonitrile (B) gradients at a fl ow rate of 3.5 mL/min 
starting with a gradient from 10 to 60 or 70 % acetonitrile 
in water (with 10 mM TFA in both solvents) over about 
30 minutes followed by ramping to 95% to remove more 

hydrophobic components from the column. After fi nding 
where the proteins of interest eluted, the gradient was 
modifi ed so that the acetonitrile  concentration increased 
at a rate of about 1% per minute, and the concentration 
at the start and at the end of the gradient was adjusted to 
optimize separation of the proteins of interest. Protein 
fractions were solubilized in a solvent mixture containing 
300 μl of HPLC water, 100 μl acetonitrile, 5 μl trifl uoro-
acetic acid and 30% acetonitrile in 10 mM trifl uoroacetic 
acid (TFA). Once the protein profi les were recorded and 
the fractions collected, an aliquot was prepared for mass 
spectrometry analysis (Szepesi, 1992).

SDS-PAGE. SDS-PAGE was used to determine the 
molecular weight and to separate proteins present in the 
total protein, globulins, and  conglutin (α, β, and γ) frac-
tions and proteins with molecular weights ranging from 
17 kDa to 250 kDa). Enough lyophilized protein sample 
to achieve a protein concentration of 0.9 to 1.2 μg/μl, was 
re-suspended in 5 ml 1× PBS, pH 7.7 buffer and vortexed 
vigorously until fully dissolved. Solubilization of conglu-
tin-γ sample required the addition of 1.0 mM NaOH and 
extensive vortexing and sonication in order to achieve 
fully soluble stock of 1 μg/μl. After the samples were 
solubilized, they were loaded in the gel as follows: 5 μl 
of a commercial Molecular Weight Standard was loaded 
in lane 1. Three purifi ed protein standards, ovoalbumin 
45 kDa, Carbonic anhydrase 30 kDa, Myoglobin 17 kDa, 
were also prepared with native sample buffer and run 
parallel to the L. exaltatus proteins (Costa et al., 2005; 
Barth et al., 1992).

Mass Spectrometry. Positive ion mass spectra were 
obtained by matrix-assisted laser desorption/ionization 
delayed extraction time-of-fl ight (MALDI-TOF) mass 
spectrometry using a Voyager DE STR Biospectrometry 
Work Station (Foster City, CA). The spectrometer was 
operating in refl ector mode using the manufacturer’s 
default settings. The nitrogen laser excitation frequency 
was set at 3 Hz and the laser power was optimized to ob-
tain a good signal-to-noise ratio after averaging 200–400 
single-shot spectra. Mass calibrations were performed 
over several m/z ranges, using a ProteoMass TMPeptide 
Protein MALDIMS Calibration Kit (Sigma–Aldrich, 
USA). Each sample obtained from each peak from L. exal-
tatus total globulins were separated in the reverse phase 
HPLC or size exclusion HPLC after mixing with 100 μL 
of a solvent mixture of 30% acetonitrile containing 0.1% 
trifl uoroacetic acid (TFA). The sample solution (1 μL) was 
mixed with 1 μL of a 10 μg/μL solution of 2,5-dihydroxy 
benzoic acid (DHB) in TFA, and this preparation (1.4 μL) 
was placed onto a MALDI-sample plate. The enolase 
migrating peak of each fraction was dried under N2 and 
layered to record the molecular weight of each fraction by 
Matrix-assisted laser-desorption ionization (MALDITOF-
MS) analysis of the recovered 46 kDa migrating enolase 
fraction (Lin et al., 2003).



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE 213

RESULTS
As shown in Table 1, the essential amino acid composi-

tion decreased as follows: conglutin-α, β, globulins, γ and 
albumins, correspondingly. Concentration of all amino-
acids was found lower in conglutin-γ than the remaining 
globulin fractions and was lowest in albumins. Glutamine 
predominated in all conglutin fractions and globulins 
except conglutin-α that was the lowest. Glutamine con-
centration corresponded to 27.6, 26.5, 24.8, 20.9 and 12.6 
Mole% for globulins, conglutin-β, albumins, conglutin-γ 
and conglutin-α, respectively. Conglutins β and γ contain 
almost the double concentration of glutamine than conglu-
tin-α. Glutamine, isoleucine and proline displayed 48.4%, 
36%, 32.6%, 32.5% and 22.2% in conglutin-β, globulins, 
albumins, conglutins-γ and α, respectively. Non-essential 
amino acids were predominant in albumins, and sulfur 
containing amino acids were low in these proteins in 
comparison to animal proteins.

Total L. exaltatus globulins as well as fractions 
containing conglutins α, β and γ were submitted to the 
SDS-PAGE (Figure 1). An about 45 kDa band has been 
observed in the purifi ed conglutin-γ but it was present 
also in the conglutin-α rich fraction. Bands expected for 
conglutins at the level of the 46, 30 and 17 kDa ranges 
are also visible. Gel exclusion HPLC of the 45 kDa L. ex-
altatus and L. albus conglutins-γ reveals similar migra-
tion of these proteins through the chromatographic col-
umn (Figure 2). Enolase, a 45 kDa control, migrates with 
the same elution time, and the BSA which is a protein 
heavier than enolase displays a longer retention time.

L. exaltatus globulins, conglutins-α, β, and γ, as well 
as the 46 kDa standard – enolase were submitted to the 
reversed phase HPLC along with the thoroughly con-
fi rmed L. albus conglutin-γ (Figure 3). Although there 
are concentration differences among the analyzed sam-
ples, the existence of L exaltatus conglutin-γ is evident, 
because it migrates within the same conglutin-γ reten-
tion time peak as the purifi ed L. albus conglutin-γ. The 
RPHPLC analysis has been also used for the comparison 
of the L. albus, L. exaltatus and C. edulis conglutin-γ re-
tention times (Figure 4). It should be noted that enolase, 
used as the 46 kDa standard is a highly hydrophobic pro-
tein and it is eluted at a longer retention time. A non le-
guminuos protein fractionation using RPHPLC reveals 

no peaks migrating with the 
same RT as that identifi ed for 
the L. albus and L exaltatus 
conglutin-γ.

The reverse phase high 
pressure liquid chromatog-
raphy (RPHPLC) purifi ed 46 
kDa L. exaltatus conglutin-
γ has been submitted to the 
MALDI-TOF mass spectro-
metric analysis. This analysis 
(Figure 5.) reveals a signal at 
m/z 46058 corresponding 
to the expected molecular 
weight of this protein.

Figure 1. SDS-PAGE of L. exaltatus conglutins.
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the amino acid content of each conglutin ś frac-
tion. Conglutins β and γ contain almost twice the 
glutamine concentration of conglutin-α, whereas 
the combined glutamine, isoleucine and proline 
concentrations corresponded to the main bulk of 
the amino acids in conglutin-β (48.4%), globulins 
(36 %), albumins (32.6%),conglutin-γ (32.5%) and 
conglutin α (22.2%). Our results also confi rm the 
low methionine content of the major lupin seed 
proteins and the favorable imbalance of conglutin-γ, 
as described previously for L. albus (Garzón-de la 
Mora et al., 2008). The glutamine in globulins and 
L. exaltatus conglutins exceeds the levels previously 
reported for these seed proteins in L. albus and L. 
angustifolius. Indeed, the combined glutamine, 
isoleucine and proline concentrations reached a 
maximum of 48.4% in L. exaltatus seeds, almost 
double that reported for these amino acids in L. albus 
globulins and conglutins. The distinct contribution 
of these three amino acids to the different conglutins 
may explain their distinct solubilities in 10% NaCl 
and phosphate buffer (pH 7.5) and indeed, conglu-
tin-α was less soluble than the globulins and other 
conglutins. Proteins very rich in glutamine residues 
may engage in polar protein-protein interactions 
(Stott et al., 1995, Anium et al., 2007). 

While glutamine is considered a non-essential 
amino acid, it performs many functions that may 
increase demand for this amino acid (Micheli et al., 
2011; Dos Santos et al., 2010).

Conglutin-γ migrates within the 46 kDa enolase 
control in SDS-PAGE and these subfractions could 
only be well separated by RPHPLC. The L. exaltatus 
conglutin-γ peak migrated within the same region as 
previously reported for L. albus conglutin-γ (Garzón-
de la Mora, 2008b). RPHPLC separates proteins 
based on their hydrophobicity and the ability to 
bind to the column supporting media. Matrix-assi-
sted laser-desorption ionization (MALDITOF-MS) 
analysis of the globulin fraction with an RT of 16.1 
min obtained by RPHPLC fractionation revealed 
the expected molecular weight of 45.6 kDa for con-
glutin-γ. The time of fl ight of these fractions and the 
hydrophobic globulin affi nity for the hydrocarbon 
column packing in RPHPLC varied considerably. 
Conglutin-γ is less hydrophobic than the 46 kDa 
enolase and it elutes when the mobile phase becomes 
suffi ciently non-polar, while enolase separates at time 
of damping to 90% acetonitrile during RPHPLC. As 
8-65 kDa polypeptides and proteins are identifi ed by 
RPHPLC and MALDITOF-MS in apparently well 
purifi ed conglutin-γ suggests that RPHPLC, rather 
than GEHPLC alone, should be used to determine 
the purity of conglutin γ. In conclusion, L. exaltatus 
revealed to contain the same conglutins reported 
for domesticated lupins, and might the conglutin-γ 

Figure 2. L. exaltatus conglutin-γ  GEHPLC.

Figure 3. RPHPLC of L. exaltatus proteins.

Figure 4. RPHPLC L. albus, L. exaltatus, C. edulis gamma
      conglutins.

DISCUSSION
Conglutins α and β fractions are a less pure mixture of 

proteins than conglutin- γ fraction when using the traditional 
procedures to isolate these conglutins (Joubert, 1956; Blagrove 
et al; 1980). Also, an specifi c protein from the above fractions 
still has not been related to specifi c biological function as has 
happened with conglutin- γ. Therefore, the aminograms reveal 
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also display a similar effect on glycemia levels than same 
conglutin from domesticated lupins.
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ABSTRACT
When administered orally, globulins and conglu-

tin-γ from L. albus seeds diminish glycemia during 
an oral glucose tolerance test (OGTT) in normal, and 
in diabetic Wistar rats. Despite the fact that conglu-
tin-γ from L. angustifolius also decreases glycemia 
during an OGTT, it still has not been assayed in dia-
betic rats. Therefore, we isolated total globulins and 
conglutins α, β and γ from L. angustifolius. Following 
proteomic procedures, RPHPLC and mass spectrom-
etry revealed conglutin-γ of 46 KDa. Thereafter, we 
tested the conglutin-γ effect on the response of normal 
adult Wistar rats to an OGTT. Similarly, conglutin-γ 
was tested in alloxan induced diabetic animals once 
glycemia reached values ranging between 200 to 600 
mg/dl. Conglutin-γ and glybenclamide produced a 
decrease in glycemia that could last for up to 90 min-
utes, although this effect was more pronounced fol-
lowing glybenclamide administration. In conclusion, 
pure conglutin-γ was assessed through proteomic 
procedures allowing us to ascertain its hypoglycemic 
effects in diabetic rats.

KEY WORDS
Lupinus angustifolius, diabetes, conglutin-γ, proteomics

INTRODUCTION
Along with soybean, the higher protein content in 

relation to Glycine max makes domesticated lupins one 
of the richest crops in terms of nutraceutic properties. In 
addition, lupin proteins are increasingly being used in 
bakery, confectionery, snacks and pastry products due to 
their multiple benefi cial properties in humans (Gross and 
von Baer, 1977). Indeed, lupins represent a particularly 

good source of pure conglutin-γ that could be used as 
a hypoglycemic agent (Arnoldi et al., 2007, Garzón-de 
la Mora et al., 2008a). The properties of lupin storage 
seed proteins vary and proper handling is required to 
isolate high yields of conglutin-γ (Garzón-de la Mora et 
al., 2008b). The narrow leaf lupin (L. angustifolius) seed 
protein content corresponds to about 40% on a dry weight 
basis that is very resistant to endo and exonucleases ac-
tivity. These seeds contain a 45.6 KDa glycoprotein that 
exerts a biological effect, either alone or in combination 
with other proteins or polypeptides, and that accounts 
for almost 6% of the total globulins capable of reducing 
glycemia in an oral glucose tolerance test (OGTT) in 
animals (Magni et al., 2004). 

Given the expanding pharmacological, medical, co-
smetic and food applications for lupin seeds, it is timely 
to reconsider the potential to fully exploit their biological 
properties (Yañez-Ruiz et al., 2009; Nottle et al., 1997; 
Guillamon et al., 2010). Although, there are still no direct 
demonstrations of the capacity of legume seed protein to 
control metabolic disorders in humans, some studies in 
diabetic patients are currently ongoing (so far unreported). 
Here, we show that conglutins α, β and γ can be frac-
tionated from L. angustifolius using reverse phase high 
pressure liquid chromatography (RPHPLC) among other 
proteomic procedures, recovering proteins of the correct 
molecular weight as confi rmed by mass spectrometry. 
After identifying conglutin-γ, we performed studies in rats 
to demonstrate its effect on blood glycemia levels during 
an OGTT, in normal and in diabetic animals.

MATERIALS AND METHODS
Plant material. Lupinus angustifolius seeds were 

obtained from a cultivar set up in an experimental fi eld 
of the Universidad de Guadalajara located at Ixcatán (Km 

γ
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26), Zapopan, Jalisco, México. After dehulling, L. angus-
tifolius seeds were ground into a fi ne fl our grain using 
a homemade grinder (JNF_2006*), defatted in hexane, 
freeze-dried and stored until use.

Reagents and Chemicals. Dextrose, alloxan, glyben-
clamide, n-hexane, sodium acetate, potassium acetate and 
other chemicals of analytical grade were obtained from 
Sigma-Aldrich (St Louis MI, USA). Acetonitrile (HPLC 
grade) and THF (silynation grade) were obtained from 
Pierce (Rodgau, F.R.G.). 

Proximal Chemical Analysis. Deoiled L. angustifo-
lius fl our was analyzed to determine the crude protein, 
moisture, ash, oil, titratable acidity, pH and crude fi ber 
content (AOAC, 1975; AOAC, 1984).

Protein Measurement. A standard curve was gener-
ated using a known concentration of the protein bovine 
serum albumin (BSA). After binding Coomassie brilliant 
blue G-250 to each protein sample in an acidic solution, 
their O.D. was recorded at 595 nm and their protein con-
tent was determined (Bradford, 1976).

Globulin Recovery. The globulin fraction was re-
covered in a 10% NaCl solution following albumin water 
extraction. Globulins were precipitated with different con-
centrations of (NH4)2SO4. Total globulins were extracted 
three times with a 10% NaCl solution and centrifuged 
for 10 min at 5.000 rpm/4°C. After each extraction, the 
supernatant was decanted and stored. 

Conglutin-α Recovery. The conglutin-α fraction 
was recovered from total globulins using 85% saturated 
(NH4)2SO4 solution. After centrifugation during 10 min-
utes at 10,000 rpm, the pellets were dissolved in 0.15 M 
Na2HPO4/0.15 M NaH2PO4 buffer (pH 6.8) with 0.02% 
sodium azide, and they were then dialyzed against 0.2 M 
acetate buffer (pH 4.8). After centrifugation, supernatant 
was used to isolate the remaining conglutins.

Recovery of β and γ Conglutin. The supernatant 
recovered after purifi cation of the conglutin-α fraction 
was dialyzed against water for 48 hours and centrifuged, 
obtaining conglutin-β and a supernatant containing crude 
conglutin-γ. While the conglutin-β was solubilized in 
0.5 M Na2HPO4/NaH2PO4 buffer (pH 7), (NH4)2SO4 was 
added to 50% saturation in order to precipitate conglu-
tin-γ. All conglutin fractions were freeze-dried at –50°C 
and 13 × 10-3 mbar, weighed and stored for further in vivo 
experiments (Joubert, 1956; Blagrove et al., 1980; Garzón 
de la Mora et al., 2008c).

Reverse Phase High Pressure Liquid Chromatog-
raphy (RPHPLC). Aliquots of total globulins and each 
conglutin fractions (10 mg) were solubilized in 0.25 M 
Na2HPO4/NaH2PO4 buffer (pH 8.5) and the samples were 
divided to measure their protein concentration. RPHPLC 
separation was performed on a 9.4 mm × 25 cm Zorbax 
analytical column attached to a solvent-programmed 

module and a 166 detector of a Beckman Gold System at 
280 nm. The column was eluted with solvent gradients 
of 10 mM TFA in HPLC water (A) and 10 mM TFA in 
acetonitrile (B) at a fl ow rate of 3.5 mL/min. The initial 
gradient was from 10 to 60 or 70 % acetonitrile in water 
(with 10 mM TFA in both solvents) over about 30 min-
utes, which was followed by ramping to 95% to remove 
the more hydrophobic components from the column 
(Szepesi, 1992).

Gel-fi ltration Chromatography (GFHPLC). Size 
exclusion chromatography was performed using a Biosep-
SEC-S 2000, 300 × 7.8 mm column packed with Superose 
12 resin in 0.25 mM phosphate buffer (pH 7.5). Samples 
were eluted in a 0.25 mM PO4 buffer (pH 7.5) mobile phase 
at a fl ow rate of 1 mL/min. Enolase (46 kDa ) was used as 
a molecular weight (MW) indicator (Barth et al., 1994).

Sodium Dodecyl Sulfate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE). SDS-PAGE was used 
to determine the MW of proteins of the total globulins 
and conglutin (α, β, and γ) fractions, using MW protein 
standards ranging from 17 kDa to 250 kDa in addition to 
purifi ed ovoalbumin 45 kDa, Carbonic anhydrase 30 kDa 
and Myoglobin 17 kDa (Magni et al., 2005).

Mass Spectrometry. Positive ion mass spectra were 
obtained by matrix-assisted laser desorption/ionization 
delayed extraction time-of-fl ight (MALDI-TOF) mass 
spectrometry, using a Voyager DE STR Bio spectrom-
etry Work Station (Foster City, CA). The spectrometer 
was mass calibrated, operating in refl ector mode using 
a nitrogen laser excitation frequency of 3 Hz and it was 
optimized to obtain a good signal-to-noise ratio after 
averaging 200–400 single-shot spectra. The sample solu-
tions obtained by HPLC (1 μL) were mixed with 1 μL of a 
10 μg/μL solution of 2,5-dihydroxy benzoic acid (DHB) 
in TFA, and this preparation (1.4 μL) was placed onto a 
MALDI-sample plate. The 46 kDa enolase migrating peak 
of each fraction was dried under N2 and layered to record 
its molecular weight fraction (Lin et al., 2003).

Oral Glucose Tolerance Test (OGTT). The hypo-
glycemic effect of the conglutin-γ and glybenclamide 
was measured in adult fasted female Wistar rats. After 
18 hours of food deprivation and 30 min before an oral 
glucose tolerance test (OGTT), each animal was orally fed 
through a metal cannula: 100 mg/kg conglutin-γ (group I),
10 mg/kg glybenclamide in 0.9% NaCl (group II), or 
0.5 mL of 0.9% NaCl as a control (group III). At time 
zero of the experiment, each rat received orally a glucose 
solution (2 g/kg) through a metal cannula and it was im-
mediately anesthetized with Tiletamine-Zolazepam. Once 
anesthetized, 0.5 mL of blood was collected at 30, 60, 90 
and 120 minutes after a glucose overload to perform the 
OGTT. Blood was withdrawn from the retro-orbital plexus 
into 1.5 mL eppendorf tubes through heparinized capil-
lary tubes. Blood samples were centrifuged for 10 min at 
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2000 × g and 4°C, and the serum were collected 
into eppendorf tubes to measure the glucose.

Alloxan Treatment (Experimental induction 
of diabetes). Another set of animals received 
a single intraperitoneal injection of 120 mg/kg 
of monohydrated alloxan after 18 hrs of food 
deprivation. An hour later the rats were given an 
oral glucose overload to antagonize the effect of 
the insulin released. Once glucose blood levels in 
alloxan treated animals reached values ranging 
from 200 to 600 mg/dL, and after 18 hrs fasting, 
diabetic rats received 100 mg/kg conglutin-γ 
(group IV), 10 mg/kg glybenclamide (group V) or 
0.5 mL of 0.9% NaCl (control group VI). Again, 
glycemia was measured at time zero, 30, 60, 90 
and 120 minutes after treatment. 

Blood Glucose levels measurement. A com-
mercial kit was used to measure glucose, which 
contained Glucose oxidase (Biosystems).

Statistical Analyses. Differences in the effects 
of L. angustifolius conglutin-γ and glybenclamide 
on glycemia were assessed with the Student’s t test. 
All values were expressed as the means ± SEM and 
a P value < 0.05 was considered signifi cant. 

RESULTS
Results of gel exclusion chromatography (GE-

HPLC) of whole L. angustifolius globulins, and 
α, β and γ conglutins in comparison to enolase of 
46 kDa molecular weight are shown on Figure 1. 
Conglutins α and β display several overlapping 
peaks, one of which migrates at the same rete-
ntion time (RT) as conglutin-γ and enolase, and 
another running parallel to the 66.78 KDa BSA. 
The existence of several different subfractions in 
each conglutin fraction has been confi rm-
ed using the RPHPLC analysis (Figure 2). 
Unlike in GEHPLC analysis, the 46 kDa 
enolase is not a suitable marker for the co-
nglutin-γ in RPHPLC, as its RT is comp-
arable with the main peak of conglutin-γ. 
Additionally, the main conglutin-α peak 
overlaps with the main peak of conglutin-γ, 
while the main conglutin-β fraction is less 
hydrophobic, giving a maximum RT value 
of 23 min. Note that conglutin-α also shar-
es a very hydrophilic peak with conglutin-
γ. L. angustifolius conglutin-γ rich fraction 
from the RPHPLC has been submitted to 
the MALDI-TOF mass spectrometry (Fig-
ure 3). This analysis revealed the presence 
of other smaller MW oligo and polypep-
tides along with the 46 kDa conglutin-γ. In 

Figure 1. Gel exclusion HPLC of L. angustifolius globulins and 
standard protein (enolase).

Figure 2. Reversed phase HPLC of L. angustifolius globulins 
and standard protein (enolase).

Figure 3. MALDI-TOF mass spectrum of L. angustifolius conglutin-γ.
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fact molecular weight of these additional polypeptides 
corresponds to that of the thoroughly studied L albus 
conglutin-γ and the recently reported L. exaltatus pro-
tein. 

As it is shown on Figure 4, conglutin-γ and glyben-
clamide decrease glycemia during the OGTT. This fi g-
ure displays three curves obtained from OGT test during 
120 min each. The control curve corresponded to those 
animals orally receiving 0.9% NaCl pretreatment before 
the oral glucose administaration because glybenclamide 
was dissolved in the isotonic saline solution. The maxi-
mal glucose value of 200 mg/dL has been achieved after 
60 min and then its contents in blood decreased to a min-
imum of 120 mg/dL at 120 min. The second curve ly-
ing below the control values displays values found in the 
conglutin-γ pre-treated group. Notice that signifi cantly 
(p<0.05) lower glycemia was induced at 30, 60 and 90 
min following the glucose overload, and was close to 
that of the control at 120 min. The lowest values were 
achieved in the glybenclamide treated group in which 
they also were at the control level after 120 min.

The L. angustifolius conglutin-γ induces the hypogly-
cemia in diabetic rats (Figure 5). Differences between the 
glycemia blood levels established after different time of 
pretreatment are signifi cant (p<0.001) except at 120 min. 
Although glycemia decreased from 700 mg/dL, these 
animals already manifested symptoms of insulin require-

ments because the osmotic dieresis was already manifest-
ed. Nevertheless, the response to conglutin-γ was effi cient 
for time too short to control glycemia. On the other hand, 
glybenclamide effi ciently decreased the glycemia level by 
more than 150 mg/dL from the basal values in diabetic 
rats (Figure 6.). Also in this case the hypoglycemic effect 
was not prolonged for more than 120 min (p<0.001).

DISCUSSION
In this work, the fractionation of L. angustifolius seed 

proteins into albumins, total globulins and conglutins 
α, β and γ is described using methods that now include 
RPHPLC to characterize these proteins from L. angusti-
folius seeds defatted fl our. The molecular weight of the 
three above mentioned conglutins was confi rmed using 
mass spectrometry (MALDITOF-MS), after which only 
conglutin-γ was selected to test its effects on glycemia in 
normal animals, in comparison to the glycemia decrease 
observed in glybenclamide treated and untreated diabetic 
Wistar rats (Luzi and Pozza, 1997). The production of 
hypoglycemia by conglutin-γ has already been reported 
in an OGTT using L. albus total globulins and conglutin-γ 
fractions, both in normal and diabetic animals (Magni et 
al., 2004; Garzón-de la Mora et al., 2008a). The results 
herein obtained by RPHPLC suggest that the fractions of 
the conglutins α and β separated using traditional methods 
(Joubert, 1956; Blagrove et al., 1980) also contain the 46 
KDa conglutin-γ protein, although this was separated 
alone after RPHPLC by ourselves (Garzón-de la Mora et 
al., 2008c). Thus, it is crucial not to limit the isolation of 
the generally named conglutin-γ fraction using traditio-
nal procedures without performing sub-fractionation by 
RPHPLC.  Also the OGTT must not be used as the sole 
assay to assess whether conglutin-γ decreases glycemia 
in rats as previously reported (Magni et al., 2004). In our 
experiments, the conglutin-γ reported hypoglycemia ac-
tually corresponds to the effect of a completely purifi ed 
conglutin-γ. Therefore, we consider it is still necessary to 
develop a better procedure capable of isolating purer con-
glutins. It would seem that the amino acid composition of Figure 5. Infl uence of conglutin-γ on blood glycemia.

Figure 4. Effect of glybenclamide and conglutin-γ on 
glucose level in blood.

Figure 6. Infl uence of glybenclamide on blood glycemia.
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conglutins, as well as their sequence, might be responsible 
for the differences in solubility observed, although the al-
ready reported differences in the glutamine concentration 
of globulins at different pH values may also infl uence this 
behavior (Garzón-de la Mora et al., 2008c). Ammonium 
sulphate fractionation requires the purity of conglutins 
to be monitored by RPHPLC in combination with mass 
spectrometry. This is necessary to certify the purity of the 
conglutins. Indeed, we recently found that a conglutin-β 
fraction isolated from L. angustifolius reduced glycemia 
(unpublished data). In addition, the use of RPHPLC could 
help to obtain purifi ed proteins for both mass spectrometry 
and gene tracing as well. The difference among conglu-
tin-γ and other seeds storage legume proteins lie on the 
amino acid sequence. Although structural homologies 
have been described for Phaseolus vulgaris and Glycine 
max; however no homologies exist for lupin conglutin-γ 
(Doyle et al., 1986). On the other hand, conglutin-γ binds 
Zn2+ and Ni2+ through the role of the numerous histidine 
residues (Duranti et al., 2001). In addition, we need to 
clarify whether protein-protein interactions involving the 
polar groups of glutamine might close the chains of this 
protein, as occur in gliadin (Wieser, 2007), prions and 
with other proteins. In conclusion it is recommendable 
to include RPHPLC and mass spectrometry to assess 
the conglutin ś purity before performing the biological 
assays. If such conditions are covered you will be able to 
demonstrate the hypoglycemia in diabetic rats as occurred 
in our experiments.
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ABSTRACT
This short review summarizes the results of more 

than 30 years research in lupins and lupin alkaloids. 
Research topics include: molecular phylogeny, phy-
tochemistry, alkaloid profi ling, alkaloid biosynthesis 
and sequestration, physiology of alkaloids and the 
ecological functions, alkaloid pharmacology and al-
kaloid production in cell and tissue cultures.
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INTRODUCTION
Lupins are not only interesting in terms of agronomy 

but also from the point of view of phylogeny, phytoche-
mistry, biochemistry, chemical ecology, and pharmaco-
logy. Lupins are rich in proteins but they also produce a 
diversity of secondary metabolites, such as quinolizidine 
alkaloids, saponins, fl avonoids, isofl avone, lectins and 
protease inhibitors. 

This review is a short account on lupin research that 
we carried out over a time period of more than 30 years. I 
became attracted to lupins as a young PhD student at the 
Technical University of Braunschweig (Germany) in 1977 
when my PhD supervisor, Prof. Dr. Thomas Hartmann 
decided that I should work on the biosynthesis of lupin 
alkaloids and use lupin cell suspension cultures as a tool 
for the isolation of the enzymes involved in alkaloid for-
mation. Little did I know at that time that lupin research 
is addictive.  Up to this day we are still working on lupins 
and still fi nd new and unexpected results.

PHYLOGENY
The genus Lupinus is part of the tribe Genisteae wi-

thin the subfamily Papilionoideae of the family Fabaceae. 
More than 300 lupin species have been described. We 
have used DNA sequences of chloroplast genes (rbcL) and 
nuclear genes (ITSI, ITSII) to reconstruct the molecular 
phylogeny of lupins (Käss and Wink, 1997). About 13 
species occur in southern Europe, northern and eastern 
Africa, where this genus probably evolved. From the Old 
World two emigrations took place less than 15 million 
years ago to the New World. About 35 species now colo-
nize the eastern lowlands of South America whereas more 
than 250 species evolved after several radiations in the 
Rocky Mountains and the Andes (Käss and Wink, 1997; 
Eastwood et al., 2008).

CHEMICAL ANALYSIS AND 
ALKALOID PROFILING

A requirement for any research project on lupin alka-
loids is a method to selectively isolate the quinolizidine 
alkaloids (QA) from the complex plant matrix, to separate 
and to identify them unambiguously. We developed a 
solid-liquid extraction procedure using Extrelut columns 
and dichloromethane as a solvent to obtain alkaloid 
extracts which contain dozens of individual alkaloids 
(Wink 1993). The complex mixtures can be separated by 
high resolution gas-liquid chromatography (GLC) using 
capillary columns. For the identifi cation of the individual 
alkaloids the combination of GLC with mass spectrometry 
(GLC-MS) is the method of choice. Kovats retention inde-
xes and mass spectral data allow the identifi cation of most 
QAs (details in Wink 1993; Wink et al., 1985). Besides 
GLC-MS also NACE and HPLC can be employed.

We have used GLC-MS to profi le the alkaloid com-
position of more than 70 species from Europe, North 
America, Mexico and South America so far (Wink et. al., 
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1995; for a complete list see http://www.uni-heidelberg.
de/institute/fak14/ipmb/phazb/pubwindex.html).

It has been argued that the chemical profi les could help 
to reconstruct phylogenetic relationships in plant, a disci-
pline called “chemotaxonomy”.  Knowing the molecular 
phylogeny of lupins, we could show that similar chemical 
pattern are a poor indicator of a common descent, because 
the genes of QA formation appear to be present in all 
legumes and it seems to be a matter of gene regulation 
which genes are switched on or off (Wink, 2003). Fur-
thermore, QA profi les often differ more between organs 
than between species which would make the profi les an 
ambiguous taxonomic marker.

BIOSYNTHESIS 
AND ACCUMULATION 
OF LUPIN ALKALOIDS

The amino acid lysine is a precursor for QA biosynthe-
sis. The fi rst step from lysine to the diamine cadaverine is 
catalysed by lysine decarboxylase. The next step involves 
a desamination of cadaverine by a transaminase into 5-
aminopentanal. In a complex reaction in which the amino 
group of 5-aminopentanal condenses with the aldehyde 
function of a second and third molecule of 5-aminopen-
tanal a tetracyclic quinolizidine alkaloid is generated 
which can be converted into sparteine or lupanine (Wink 
and Hartmann, 1985). After hydroxylation of lupanine to 
13-hydroxylupanine ester alkaloids can be generated by 
a tigloyl-CoA: 13-hydroxylupanine O-tigloyl transferase. 
An S-adenosyl-L-methionine: N-methyltransferase can 
transfer methyl groups to free nitrogen atoms in some QA, 
such as cytisine (Wink and Hartmann, 1985).

We could show that the biosynthesis of QA takes place 
in the chloroplast, which is also the site of lysine forma-
tion (Wink and Hartmann, 1982). Alkaloid formation is 
regulated by light and follows a diurnal rhythm. Alkaloids 
are exported from the chloroplast into the cytoplasm and 
are actively accumulated in the vacuole. The transport 
across the tonoplast is catalysed by an ATP-dependent 
proton antiporter (Mende and Wink, 1987). When we 
made the experiments ABC transporters were not known 
from plants. Since plants apparently have several hun-
dred of ABC transporter genes it needs to be analysed 
if our QA transporter is a true H+ antiporter or an ABC 
transporter.

PHYSIOLOGY 
OF LUPIN ALKALOIDS

QA are exported from the leaves to other organs, such 
as stems, fl owers and fruits. In stems and leaves alkaloids 
are predominantly sequestered in epidermal cells. The 

transport from the source is via the phloem and not the 
xylem (review in Wink 1992, 1993). We postulate that 
the transfer from the phloem into the growing seeds also 
requires an alkaloid transporter. If such a transporter 
could be knocked out, we should be able to create lupins 
with high alkaloid levels in the green parts but low levels 
in the seeds (see below). Such lupins would maintain 
their resistance against herbivores (see below) but would 
produce sweet seeds which could be used in animal and 
human nutrition. 

Transport and accumulation follow a diurnal cycle. 
Alkaloid profi les differ between source and sink tissues. 
Often seeds are rich in hydroxylated QA whereas the 
hydroxyalkaloids are converted into ester alkaloids often 
with tiglic and angelic acid in the seedling and in other 
green tissues (Wink 1992, 1993).

Alkaloid levels are highest during fl owering and fruit 
formation. In annual species most of the alkaloids are 
transported into the seeds whereas the senescent aerial 
parts have very low levels. In wild lupins alkaloid contents 
of seeds can be between 2 and 8% of dry weight (Wink 
1992). Alkaloid levels of seeds decrease after germination 
because the alkaloids are metabolized and their nitrogen 
is used to build up amino acids. Therefore, one function 
of QA is that of a nitrogen storage compound.

Alkaloid levels are not static but can be regulated by 
environmental infl uences. If a lupin plant is wounded, its 
alkaloid content can be increased by a factor of 4 within 
a couple of hours (Wink 1992, 1993). In lupins growing 
along altitudinal gradients, lupins from high altitudes 
usually show lower alkaloid contents than those of lower 
elevations (Wink et al., 1995). 

ECOLOGICAL FUNCTIONS 
OF ALKALOIDS

Plants cannot run away when they are attacked by an 
herbivore nor do they have an immune system against 
invading microbes. During more than 400 million years 
of evolution plants evolved complex bioactive defence and 
signal molecules to coexist with a multitude of enemies 
and competitors (Wink, 2003). Lupins employ alkaloids, 
saponins, isofl avones and protease inhibitors against 
herbivores and saponins, phenolics and terpenoids against 
microbial infections.

Lupin alkaloids have been shaped during evolution as 
neurotoxins which interfere with acetylcholine receptors 
and Na+/K+ ion channels. Lupin alkaloids are thus im-
portant for lupins as defence against animals; in nature, 
alkaloid-rich lupins are usually left untouched by general 
herbivores. However, a few specialists have evolved, such 
as the lupin aphid, Macrosiphon albifrons, which loves 
alkaloid-rich lupins (Wink, 1992). It apparent is able to 
tolerate lupin alkaloids- how, is a topic for future research. 
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On the other hand, non-specialised aphids, which such on 
phloem, avoid alkaloid-rich lupin but select alkaloid-poor 
sweet lupin cultivars. Also other animals discriminate 
between bitter and sweet lupins and prefer the latter 
(Wink, 1992).

Lupin alkaloids are toxic against a number of insects, 
slugs and vertebrates and furthermore against fungi 
(mildew), bacteria and even viruses and could be used as 
a natural pesticide.

PHARMACOLOGY
We have isolated a series of alkaloids which occur in 

lupins and evaluated them in a number of pharmacological 
assays. QA can bind to either the nicotinic acetylcholine 
receptor or the muscarinic acetylcholine receptor, pro-
bably as agonists (Wink, 2000; for a complete list see 
http://www.uni-heidelberg.de/institute/fak14/ipmb/phazb/
pubwindex.html). Some individual QA interfere with 
dopamine, GABA, NMDA and alpha-2  neuroreceptors. 
Sparteine and lupanine are inhibitors of sodium and potas-
sium channels. Both interactions with neuroreceptors and 
ion channels qualify these alkaloids as potent neurotoxins. 
QA are hardly cytotoxic and do not induce apoptosis in 
tumour cells or in trypanosomes.

The isofl avones of lupins, such as genistein, bind to 
oestrogen receptor and can be regarded as phytoestrogens, 
a property that might be interesting as a nutraceutical.

QA can induce the effl ux of insulin from insulin pro-
ducing beta cells in the pancreas by inhibiting an ATP-K+ 
channel. This property might be useful in the future for 
treatment of diabetes II patients. Sparteine has been used 
already in medicine as an antiarrhythmic drug, because 
it inhibits the Na+ channel and to induce labour during 
birth (acetylcholine agonist).

ALKALOID PRODUCTION 
IN CELL CULTURES

One of our expectations was to establish cell suspen-
sion cultures of lupins and to use them to produce alkalo-
ids and other secondary metabolites. We were successful 
to establish callus, suspension and root cultures of several 
lupin species. But all of them failed to produce reasonable 
amounts of alkaloids. Best yield was with suspension 
cultures kept in the light which were green and contained 
chloroplast. But the production level was 100 to 1000 
times lower than in intact plants. We have suggested the 
cell cultures were non-productive because lupins express 
the genes for alkaloid synthesis, transport and storage 
in a tissue-specifi c way. In the non-differentiated cell 
cultures these genes were clearly down-regulated. Fur-
thermore, the cultured cells produce high amount of lytic 
and oxidising enzymes which are excreted to the culture 

medium and which are able to degrade alkaloids (Wink, 
1987, Wink et al., 1992).

It was no problem however to produce phenolics, such 
as isofl avones in suspension and root cultures.

CONCLUSIONS
Although I started to work with lupins 34 years ago, 

this plant still fascinates me. It is normal in science that 
once you have answered one question you are faced with 
many new ones. This is luckily the case with lupin rese-
arch. Albeit substantial progress I am aware of several 
open questions: 

1. The alpha taxonomy of American lupins is problematic 
and it is likely that the number of described species is 
an overestimate. Thorough analyses of type specimen 
and a revision of the genus Lupinus is urgently requ-
ired.

2. The search for the genes of QA biosynthesis and 
transport was elusive so far, but with the new tools 
of Next Generation Sequencing it should be possible 
to identify them. If found they would help to produce 
specifi c know-off mutations. Such mutants are impor-
tant tools to investigate the physiology and ecology of 
lupins. They would also help to produce lupin varieties 
which are tailored to the needs of the agronomist.

3. Lupins produce a complex mixture of natural products 
of different chemical classes. It is very likely that indi-
vidual compounds might interact in a synergistic way. 
A challenge is to identify such synergistic combination 
partners.

4. Select bitter/sweet lupin varieties in which the trans-
port from the phloem into the seeds is interrupted. 
Such plants would maintain their chemical defence 
against herbivores and microbes in their aerial parts 
but would produce alkaloid-poor sweet seeds.
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ABSTRACT 
Effects of lupin alkaloids (lupanin, lupinin, 

spartein, 13-oxylupanin) on germination and growth 
of different onion cultivars were studied. A potential 
reparative effect was shown for lupin alkaloids at 
minimal studied concentrations for protection of 
the chromosome set from deviation in cell division. 
Results of the experiment may be used to produce a 
preparation protecting plants against negative effects 
of environmental stress.

KEY WORDS
quinolizidine alkaloids, Lupinus, mitotic index, frequency 
of aberration

INTRODUCTION
Bactericidal, antiviral, herbicidal, toxic and other 

effects have been revealed as a result of studies on qu-
inolizidine alkaloid in plants. At the same time alkaloids 
enhance seed germination and their germination energy 
and crop yield owing to plant metabolism stimulation 
(Xiao, 1999) and reduced nitrate accumulation (Yoshida, 
1996). Moreover, alkaloids also have antimutagenic ef-
fects (Risdall-Smith, 2004). It was shown that they may 
be used as protective agents against plant diseases.

A number of reports have been published showing that 
lupine alkaloids, particularly sparteine, are not degraded 
by peroxidases in vitro (de Pinto, 1997). A potential pro-
tective antimutagenic action of alkaloids on plant cells 
is suggested. Alkaloids at a concentration of 1.36 g/l 
decrease mutagenic activity of Salmonella typhimurium 
by 75% (Martinez, 2003).

In view of the present ecological crisis, new appro-
aches are required to search for agents protecting plants 
against diseases. Therefore, it is urgent to identify natural 
protective agents against diseases which would not disturb 
ecological balance. 

MATERIALS AND METHODS
The studies of alkaloid action on cell chromosomes 

were carried out at the Laboratory of Cytogenetics, the 
Belarusian State University using onion seeds of different 
varieties. The effect on cell division and chromosomal 
aberrations was studied for different quinolizidine alkalo-
id concentrations (0.1, 1.0, 10.0 g/l), extracted from lupine 
plants. The media without alkaloids were used as the 
control. Toxic and mutagenic action of lupine alkaloids on 
seed germination in onion cv. Diamant was investigated. 
The numbers of dividing cells and the interphase cells 
were determined. The mitotic index was calculated. 

RESULTS AND DISCUSSION 
The results of the study are presented in the table 1. As 

table 1 shows, lupanine was the most toxic for the seeds 
on the stage of germination. The concentration 0.1 g/l 
induced a signifi cant decrease in seed germination rates. 
Lupanine was less toxic for onion seeds. The concen-
tration 0.1 g/l did not induce a reliable decrease in seed 
germination rates. In our opinion, the stimulation of seed 
germination by the action of sparteine action is  a more 
interesting fi nding. The 1.0 g/l concentration induced an 
increase in seed germination rates. 13-oxylupanine at a 
concentration of 10.0 g/l is less toxic for seed germina-
tion. The alkaloid action on the growing process of onion 
plantlets was studied. 

The effect of alkaloids on mitotic cells was conside-
rable (table 2). The alkaloids under study considerably 
reduced the intensity of cell divisions in onion roots. 
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A comparison of the frequency of successive mitotic pha-
ses in control plants and in those submitted to the alkaloid 
treatment at different concentrations was used to evaluate 
the effect of alkaloids on the mitotic process. The results 
are presented on Figure 1. It was shown that the largest 
lupanine concentration (10.0 g/l) signifi cantly decreased 
telophase and increased prophase cell percentage. Thus, 
the results showed an inhibitory effect on mitotic proces-
ses, occurring in plantlets. Chromosome aberrations and 
other abnormalities of cell division were used to evaluate 
mutagenic effect of the alkaloids (Figure 2).

The research results of alkaloid action on the chromo-
some set of cells are presented in table 3.

The aberrant cell frequency in the different control 
variants (pure water and water with NaOH pH 9.5) 
amounted to 3.98 and 3.29, correspondingly. Sparteine 
(concentration 1.0 g/l) signifi cantly reduced the aberra-
tion frequency. With further increase of its concentration 
the aberration frequencies were also increased, but the 
differences were not signifi cant.

Lupanine action with its concentration 0.1 g/l and 
1.0 g/l decreased mutation quantity with comparison 
to control. Reparative action of alkaloids with minimal 
concentrations (0.1 g/l – lupanine, 13-oxylupanine and 
lupanine and also 1.0 g/l  lupanine, 13-oxylupanine and 
spartein) has a protective effect on the cell degradation 
that occurred in the mitotic process.
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The following conclusions may be inferred from the 
carried out experiments:

All studied lupine alkaloids with maximal concentra-
tions decreased mitotic index size of onion root cells.

The studied alkaloids may be placed on the toxic 
level the following way: lupanine, lupanine, sparteine 
and 13-oxylupanine. 

The possible reparative action of the lupine alkaloids 
at minimal concentrations was revealed. These compo-
unds protected the sets of chromosomes from degradation 
during mitosis. 
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ABSTRACT 
Exudates were collected from the major vascular 

bundles associated with the sutures of developing 
fruits of L. albus and proteins separated using 2D 
PAGE. Proteomic analysis identifi ed 83 proteins 
with the largest group comprising those involved 
in metabolism (24%), followed by redox regulation 
(8%), protein synthesis, turnover and sorting (9%), 
cell wall synthesis (6%). More prominent proteins 
were cyclophilin, ubiquitin, a glycine-rich RNA-
binding protein, a group of proteins that comprise a 
glutathione/ascorbate-based mechanism to scavenge 
O2 radicals, glycolytic enzymes and other metabolism 
including methionine and ethylene synthesis. 
Included was the fl origenic signal, fl owering locus T-
protein (FT).  One third of the proteins sequenced 
remained unknown with some of these probably 
unique to lupin phloem. Both subunits of Rubisco and 
a chlorophyll a/b binding protein were also identifi ed 
in exudate indicating some contamination with the 
contents of chloroplast-containing cells damaged by 
incision.  cDNA libraries from lupin phloem exudate 
yielded transcripts for a wide range of proteins, 
including ubiquitin, S-adenosine methionine (SAM) 
synthase, aquaporin, sucrose synthase, FT, actin, 
Rubisco and chlorophyll a/b binding protein as well 
as polyproteins of BYMV. A number of microRNAs 
(miRNA) were enriched in exudate and differed in 
exudate collected from different sites on the plant. 
Up-regulation of miR399 in response to Pi defi ciency 
was demonstrated in this study.

KEY WORDS
translocation, systemic signals, proteomic, transcripto-
mic, microRNA

MATERIALS AND METHODS 
The methods for isolation of macromolecules from 

phloem exudate of fruiting Lupinus albus (L. cv. Kiev 
mutant), their analysis using proteomic and transcripto-
mic techniques together with details for their annotation 
from genomic database information are described fully 
in Rodriguez-Medina et al. (2011).

RESULTS AND DISCUSSION 
Translocation of low molecular weight solutes in 

phloem achieves distribution of the products of photo-
synthesis (sucrose and other sugars) the products of N 
reduction, formed either as a result of nitrate or ammonia 
assimilation or of nitrogen fi xation, as well as those of 
sulphate together and other inorganic nutrients to the 
many sites of growth and development.  The linking of 
tissues and organs producing these nutrients with those 
that consume them through the vasculature constitutes the 
‘source/sink’ relations of the growing plant.  The phloem 
connections of the plant are also thought to be responsible 
for the movement of systemic ‘signals’ that refl ect both the 
external and endogenous environment and which result in 
changes in gene expression and metabolism both in ‘so-
urces’ and ‘sinks’.  For many years physiological research 
has inferred the translocation of signals in phloem as an 
explanation for a range of responses, but in most cases 
the unequivocal demonstration of ‘the active factors’ in 
phloem, their translocation and mode of action dependant 
on translocation have yet to be established. 

While a number of tools have been used to demonstra-
te the apparent need for systemic signaling links, direct 
demonstration of the signal molecules in phloem and their 
identity has relied largely on analysis of exudates collected 
by accessing the contents of sieve elements (SE).  In all 
cases this involves damage to the vasculature whether by 
feeding aphids or other sap sucking insects, where it is 
minimal, or as a result of direct incision where not only 
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the SE but also other cells in proximity to the wound are 
damaged.  Few plants ‘bleed’ spontaneously from wounds 
in the vasculature, most occlude the wound rapidly so 
the contents of the severed SE are not exuded. However, 
a few species, including a number of cucurbits, some 
Brassicas, castor bean and, importantly, species of the 
genus Lupinus release signifi cant amounts of ‘phloem sap’ 
before occlusion of the wound (Atkins and Smith, 2007).  
Where plants do not exude spontaneously exudation can 
be induced by applying chelating agent (such as EDTA) 
or by cryopuncture (Pate et al., 1984). Nevertheless, to a 
greater or lesser extent the contents of SE are likely to be 
contaminated by the contents of adjacent cells damaged 
at the wound site and this needs to be considered when 
analysis of putative systemic ‘signals’ is sought (Atkins 
and Smith, 2007; Rodriguez-Medina et al., 2011). The 
‘gold standard’ in this respect is exudate collected by 
stylectomy (i.e. from the severed in situ stylet of a feeding 
aphid or other sap sucking insect) and the composition of 
exudate from an incision compared with this stylet exuda-
te. However, stylet exudate collection has been limited to 
a small number of monocotyledon species (wheat, barley 
and rice) so that comparisons with the spontaneous ‘ble-
eders’ listed above has not been possible. Recently small 
volumes of stylet exudate have been collected from apple 
revealing for the fi rst time small RNA molecules in this 
form of exudate (Varkonyi-Gasic et al., 2010). 

The value of lupins in this respect lies in the fact 
that exudates can be collected over the lifetime of plants 
from many sites (leafl ets midribs, petioles stems at the 
apex and base of the plant, fruit sutures and stylar fruit 
tips, developing fl owers and pedicels) in relatively large 
volumes (50-200 μl at a single incision). These features 
have been exploited to develop empirical models for the 
C, N and H2O fl ows during development, for the trans-
location of individual molecules such as sugars, amino 
acids, inorganic ions and quinolizidine alkaloids (Pate 
et al., 1998). The models have proved useful to identify 
processes that fashion phloem composition and which 
exercise molecular specifi city both in the loading and 
unloading of the translocation streams. 

The literature abounds with evidence for the likely 
regulatory roles of the common plant growth regulators 
(cytokinins, auxin, giberellic acids, abscisic acid, jasmonic 
acid together with ethylene and its precursors) and each of 
these has been documented in plant saps including phloem 
exudates (reviewed in Atkins and Smith, 2007). Indeed, 
there is considerable data to support their translocation 
from sites of synthesis to sinks. However, the precise me-
chanisms involved in their loading and unloading to/from 
phloem remain to be defi ned. When studies of exudate are 
extended beyond the known plant growth regulators, to bio-
active peptides and proteins together with a number of RNA 
species the possibilities of discovering other likely systemic 
signal molecules and their signifi cance is enhanced. 

A proteomic analysis of phloem exudates in white 
lupin (Lupinus albus L.) using 2D gel electrophoresis 
recorded 130 resolved proteins and analysis identifi ed 83 
by partial amino acid sequence determination using MS/
MS (Rodriguez-Medina et al., 2011). The most signifi cant 
groups of proteins were involved in metabolism (24%), 
protein modifi cation/turnover (9%), redox regulation 
(8%), structural aspects of cell components (6%) and stress 
and defense response (6%). More prominent proteins 
were cyclophilin, ubiquitin, a glycine-rich RNA-binding 
protein, a group of proteins that comprise a glutathione/
ascorbate-based mechanism to scavenge oxygen radicals, 
enzymes of glycolysis and other metabolism including 
methionine and ethylene synthesis. Not surprisingly 
many of the proteins in the ‘phloem exudate proteome’ 
derived by comparison among species (Lin et al., 2009) are 
conserved in the phloem proteome of lupin. A prominent 
protein was identifi ed as that of fl owering locus T (FT) 
thought to be one component of ‘fl origen’, postulated to be 
the systemic signal that conditions a fl owering response 
in plants as a result of changes in day length.  

Analysis of a cDNA library constructed from lupin 
phloem exudate sequenced 1063 clones and identifi ed 
609 unique transcripts that were also classifi ed into 
functional groups. Transcripts coding for proteins with 
unknown functions formed the largest category (280 
sequences, 39% of all ESTs) while among those coding 
for proteins of known function were metabolism (15% of 
all ESTs; 11% general and 4% energy metabolism), pro-
tein modifi cation/turnover (11%), and redox regulation, 
signalling and stress response and defense-related with 
around 5% of all ESTs in each of these groups. Potential 
signaling macromolecules included transcripts encoding 
proteins mediating Ca ion level and that for FT. For 31 of 
the transcripts that were identifi ed their corresponding 
protein was also detected in phloem exudate. 

Small RNA was isolated from phloem exudate ran-
ging in size from 8 to 35 nt with the majority 19 to 23 
nt.  Those in the 18 to 26 nt size class were purifi ed and 
used to construct a small RNA library yielding sequences 
for 330. Seventeen sequences from the phloem library 
showed strong similarity to known miRNAs from seven 
different families with 12 identifi ed as probable miRNAs 
by homology with those from other species.  Among the 
11 miRNAs analyzed by northern blot in lupin tissues 
some were prominent in phloem exudate while others 
were either absent or much lower than in the other tis-
sues studied suggesting that there is a specifi c spectrum 
of miRNAs in lupin phloem. Furthermore, the miRNA 
composition in phloem exudates collected from the fruits 
or close to apical meristems at the top of the lupin plant 
differed markedly from the composition in exudate col-
lected from the base of the stem close to the root system 
(Rodriguez-Medina et al., 2011). Thus, the fact that the 
pattern for fi ve miRNAs in exudate collected at three 
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different sites was not the same suggests either their diffe-
rential expression in the adjacent phloem companion cell 
(CC) at different sites and/or specifi city in phloem loading. 
The most reasonable explanation for the presence of small 
RNAs in phloem is that they are transported from the CC.  
Interestingly, another study made parallel analyses of 
miRNAs in stylet exudate and phloem tissue extracts of 
apple and found that, while seven miRNAs were common 
four that were amplifi ed from the tissue (including CC) 
were not detected in exudate, lending further support to 
the idea that transfer to the SE is specifi c. If miRNAs 
serve as translocated signals it is not too surprising that 
the downward-moving (collected at the base of stem) and 
upward-moving phloem streams (collected from pods and 
axillary branches) showed distinct differences in their 
miRNA composition. As noted above, lupins offer the 
possibility of sampling exudate from phloem transloca-
ting from ‘source’ organs of the shoot, including leafl et 
midribs and petioles, to ‘sinks’ such as fruits and apices 
as well as to those of the root system separately (Pate et 
al., 1998). It would be interesting to further exploit this 
ability by extending the range of miRNAs assayed to 
include the many more that have now been identifi ed in 
exudates (reviewed, Atkins et al., 2011).  

The signifi cance of miRNAs in phloem relates to their 
functions as regulators of gene expression and, while, the 
targets of many have yet to be defi ned there is a growing 
list of signifi cant processes that are controlled at least in 
part by these small RNAs. The best documented case 
is that of miR399 that has been shown to be a systemic 
signal altering gene expression and, as a consequence, 
the activity of Pi transporters in the root (Pant et al., 
2008). This appears also to be the case in lupin where 
miR399 levels in phloem and leaf tissue extracts increase 
sharply in response to Pi starvation (Rodriguez-Medina 
et al., 2011).  Furthermore, the downward-moving phlo-
em stream showed the most marked increase compared 
to exudate collected from upper stem organs. There is 
growing evidence that a greater number of miRNAs are 
involved in regulating Pi uptake as well as the acquisition 
of other essential nutrients, including Cu, S and N. The 
importance of small RNAs as systemic signals regulating 
gene expression is just beginning to be recognized and 
it seems likely that it is this class of macromolecule that 
will provide a new paradigm for phloem function.  

A recent compilation identifi ed 13 miRNAs involved 
in plant responses to drought/salt stress (Covarrubias 
and Reyes, 2010). Eight of these were identifi ed in lupin 
phloem exudate (Rodriguez-Medina et al., 2011) and, 
importantly, six were also recovered from PCR amplifi ca-
tion of apple stylet exudate (Varkonyi-Gasic et al., 2010). 
There is thus a possibility that the responses in lupin to 
both drought and salinity are mediated through miRNAs 
translocated from sites where the stress is sensed to sites 
where a response is initiated. 

An important feature of legumes is their ability to 
fi x atmospheric N at high rates in root nodules and a 
number of miRNAs have been linked to early stages of 
nodulation and the subsequent development of mature 
functional nodules (Simon et al., 2009).  These include 
miRNAs associated with hormone responses and include 
miR156, miR159, miR168, miR169 and miR399, all of 
which have been found in lupin phloem exudate collected 
from the downward moving translocation stream (Ro-
driguez-Medina et al., 2011).  Nodules are a dominant 
‘sink’ for phloem-borne nutrients, especially sugars, and 
it is not unreasonable to expect that this may also apply 
to some of the macromolecules in phloem. While there 
is as yet no evidence that the miRNAs that accumulate 
differentially in nodules as they develop regulate the 
expression of important genes these relationships remain 
to be determined. 

The functional signifi cance of each of the proteins, 
transcripts and small RNAs in phloem provides new 
and exciting prospects to identify the many hypothetical 
‘signals’ postulated by the wealth of physiological rese-
arch that has described many of the processes involved 
in plant growth and development. However, the presence 
of this bewildering array of macromolecules in phloem 
also poses new questions about the biochemical features 
and maintenance of the SE itself. Not only does there 
appear to be specifi c metabolic components that might 
support the SE there is also a wide range of proteins and 
transcripts that are, in theory at least, involved in defen-
ding the tissue against pathogens and predators (either for 
the plant generally or the phloem in particular). One of 
the prominent groups of mRNAs found in lupin phloem 
exudate were 10 transcripts (3% of defi ned ESTs) for the 
polyprotein of the bean yellow mosaic virus (BYMV) 
(Rodriguez-Medina et al., 2011). These were most likely 
due to the presence of feeding aphids but their presence 
and abundance in exudate indicates that the phloem 
stream is also a pathway for pathogen attack. How the 
‘protective’ macromolecules/metabolism in phloem in-
teract with a pathogen at the molecular level remains as 
anpther interesting question.  
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ABSTRACT
Dynamic processes of yield formation have been 

studied in terms of photosynthetic canopy character-
istics. The investigated parameters included leaf area 
index (LAI), photosynthetic potential (Ph.p.), total wet 
and dry matter accumulation (TWM, TDM), crop 
growth rate (CGR), net assimilation rate (NAR) and 
harvest index (HI). Lupin canopy as a photosynthetic 
system functions from emergence till maturity and 
may be divided into four biologically distinct periods: 
I – emergence – beginning of fl owering, II – fl owering 
and pod formation, III – pod growth, and IV – seed 
fi lling. Period 2 “Flowering and pod formation” (20-
25 days) are critical for yield formation. Intensive veg-
etative growth coincides with pod formation. Lupin 
canopy as a photosynthesizing system functions best 
during periods II (fl owering and pod formation) and 
III (pod growth).

KEY WORDS
Lupinus albus, early maturing cultivars, development 
pattern, photosynthetic parameters, seed yield

INTRODUCTION
The Central-Chernozem zone is a large territory in the 

European part of Russia. White lupin is a relatively new 
crop in this region. Chernozem soils (pH 5.8-6.3) with 
4-5% organic matter content are the main soil type here. 
The climate of the region is moderate. The accumulated 
temperature during the vegetation period (>5oC) is 2000-
2200oC. Average temperature in September ranges from 
13.2oC (the fi rst decade) to 8.5oC (the third decade). Pre-
cipitation during the vegetation period (April-September) 
is 280-300 mm (50-60 mm per month). Periods with low 
water supply occur often. It is important to point out that 
the period of vegetation to full maturity must not exceed 
130 days. Cool weather conditions in September are often 
favorable for vegetation growth; however, it has a negative 

impact on seed maturity. Thus, the fi rst objective was to 
breed new forms of Lupinus albus with stable maturity 
under the given climate conditions and obtain productive 
and Fusarium resistant cultivars (Gataulina et al., 2008). 
Then these cultivars with different plant architecture 
have been studied to determine their development pattern 
(Gataulina and Medvedeva, 2010). It is important to study 
and understand dynamic processes of yield formation as 
affected by photosynthetic canopy characteristics. The 
effect of genotype and meteorological factors on plant de-
velopment, photosynthetic characteristics and seed yield 
of Lupinus albus has been studied in the UK and France 
(Milford et al., 1996; Julier and Huyghe, 1993).

This study investigated dynamic photosynthetic para-
meters in connection with yield formation in L. albus early 
maturing cultivars. They include leaf area index (LAI), 
photosynthetic potential (Ph.p.), total wet and dry matter 
accumulation (TWM, TDM), crop growth rate (CGR), net 
assimilation rate (NAR) and harvest index (HI).

MATERIAL AND METHODS
 A comparative study of cultivars obtained within the 

breeding program has been conducted at the Experimental 
Field of the Moscow Timiryazev Agricultural Academy 
in the Tambov region in the years 2007-2009. Some para-
meters had also been determined in previous years. Plot 
size was 25 m2. The fi eld experiment was carried out in 
4 replications. The soil was leached chernozem (pH 6.2). 
Early maturing cultivars of white lupin were studied. They 
included cv. Start, Gamma, Manovitskiy, Delta, Dega, and 
Deter1 and Desnianskiy of the Tymiryazev Academy and 
Bryansk selection. Sowing was performed by the end of 
April. The density before harvesting was 35-40 plants/m2. 
Leaf area index, wet and dry matter accumulation were 
determined by sampling 15 plants from every plot at 
15-day interval. Then photosynthetic potential (Ph.p.), 
crop growth rate (CGR) and net assimilation rate (NAR) 
were calculated. Yield components were determined by 
studying 25 plants from every plot.
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RESULTS AND DISCUSSION 
We succeeded in obtaining early maturing cultivars 

of white lupin registered in Russia: Start, Gamma, Ma-
novitsky, Delta, Dega and Deter 1. These cultivars have 
different plant architecture (Table 1). Type 1 is presented 
by cv. Deter 1, which plants are without any branches 
and pods set only on the main stem. Parameters of types 
2 (Start, Gamma), 3 (Delta, Dega) and 4 (Manovitsky, 
Desniansky) are presented in Table 1.

Genotypes differed in growth and seed yield. The 
weather conditions strongly affect growth and develop-
ment of the cultivars, when seed yield, number of pods 
and seeds per plant may differ 2x. Even under drought 

conditions the seed yield was not less than 2 t ha-1 and it 
was more than 4 t ha-1 when the weather was about normal 
in that region (Tables 2, 3).

A crop as the photosynthesizing system changes its 
parameters in time and functions from emergence prior 
to the beginning of maturing. At each stage certain ele-
ments of effi ciency are created and developed. A mas-
sive body of data obtained in the course of 10-15 years 
makes it possible for us to look at the plant canopy as a 
dynamic photosynthesizing system and some of periods 
as subsystems. Such a structural construction of the sys-
tem facilitates the establishment of dynamic functional 
communications, and then their numerical expression by 
means of correlation analysis and a system of equations 
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with the help of regression analysis. Cause and effect 
relationships of changes in the development process are 
revealed in this case. Their understanding constitutes a 
foundation for decision-making for the purpose of mana-
gement of crop formation. 

Photosynthesis lasts for four periods between emer-
gence and maturing: I – from emergence till the beginning 
of fl owering, II – fl owering and pod formation, III – pod 
growth and IV – seed fi lling. Boundaries between the pe-
riods are defi ned and coincide with development stages.

The results of the study indicate that characteristics of 
the previous period defi nitely infl uence plant development 
and yield formation in the next period.

PERIODS OF PLANT DEVELOP-
MENT AND YIELD FORMATION

Seeding – emergence (8-12 days) –plant density is 
forming.
1. Emergence – beginning of fl owering (30-35 days) 

– shoots grow; leaves and buds form.
2. Flowering and pod formation (14-25 days) – at the 

end of the period plant elongation ends, while leaf area 
index, number of pods per plant and number of pods 
per unit of land area are at their maximum.

3. Growing of pods (12-25 days) – at the end of the period 
the size of pods, wet and dry matter of their walls and 
weight of wet matter are at their maximum.

4. Seed fi lling (12-20 days) – at the end of the period total 
dry matter, dry weight and seed protein yield are at 
their maximum. Seed fi lling is completed when the 
moisture seed content is rather high – about 60%. 

Maturation (7-10 days) – seed moisture decreases; 
harvesting is performed at the end of that period. Warm 
and dry weather is required for maturity. Cold and rainy 
weather conditions may often limit white lupin production 
in northern regions of Russia.

Period 2 “Flowering and pod formation” is critical and 
especially important in yield formation. This is shown 
in Table 5.

Lupin canopy as a photosynthesizing system functions 
best during periods II (fl owering and pod formation) and 
III (pod growth). 70% of total dry matter is accumula-
ted in that time, which is 40% of the total period from 
emergence to maturity (Table 5, Fig. 1). Crop growth rate 
during this period is 2-4 times higher than in the previous 
period. PhAR effi ciency during these periods is 3 times 
higher than in the previous and the next ones. The number 
of pods and seeds per plant and per unit area are formed 
at the end of this period. These parameters determine 
potential seed yield.
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CONCLUSION: CHARACTERI-
STICS OF YIELD FORMATION
Lupin canopy as a photosynthetic system functions 

from emergence till maturity and may be divided into 4 
biologically founded periods: I – emergence – beginning 
of fl owering, II – fl owering and pod formation, III – pod 
growth, and IV – seed fi lling.

Period 2 “Flowering and pod formation” (20-25 days) 
is critical for yield formation. Intensive vegetative growth 
coincides with pod formation.

By the end of period II plant elongation, leaf area 
index and number of pods per plant and per unit of land 
area are at their respective maximums. Thus the potential 
seed yield is determined at this period. 

The results of the study indicate that seed yield po-
tential is determined long before harvest. Photosynthetic 
potential (Ph.p.), leaf area index (LAI) and total dry matter 
(TDM) at the end of the pod formation period may be 
used as criteria in the prediction of optimal yield. The 
predictive role of some photosynthetic characteristics 
(e.g. CGR and DM values at the end of period II) may 
be effective in the control of yield formation. Moreover, 
these parameters are useful in breeding and modeling of 
growth, development and yield formation.
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ABSTRACT
Lupinus mariae-josephi is a recently described species 
(Pascual, 2004) able to grow in soils with high pH and 
active lime content in the Valencia province (Spain). 
L. mariae-josephi endosymbionts are extremely slow-
growing bacteria with genetic and symbiotic char-
acteristics that differentiate them from Bradyrhizo-
bium strains nodulating Lupinus spp. native of the 
Iberian Peninsula and adapted to grow in acid soils. 
Cross-inoculation experiments revealed that all the 
endosymbiotic isolates from L. mariae-josephi tested 
are legume-host selective and are unable to nodulate 
species such as L. angustifolius, and L. luteus. In con-
trast, Bradyrhizobium strains from Lupinus spp. test-
ed were able to nodulate L. mariae-josephi, although 
the nodules fi xed nitrogen ineffi ciently. Phylogenetic 
analysis was performed with housekeeping genes (rrn, 
glnII, recA, atpD) and nodulation gene nodC. House-
keeping gene phylogeny revealed that L. mariae-jose-
phi rhizobia form a strongly supported monophyletic 
group within Bradyrhizobium genus. This cluster also 
includes B. jicamae and certain strains of B. elkanii. 
Contrarily, isolates from other Lupinus spp. native of 
the Iberian Peninsula were grouped mainly within 
B. canariense and two B. japonicum lineages. Phylo-
genetic analysis of L. mariae-josephi isolates based on 
the nodC symbiotic gene defi ned a solid clade close to 
isolates from Algerian Retama spp. and to fast-grow-
ing rhizobia.

KEY WORDS
Lupinus mariae-josephi, endosymbiotic bacteria, Bra-
dyrhizobium, taxonomic diversity, alkaline soils, lupin 
endemism

INTRODUCTION
Lupinus is a complex genus comprising ca. 275 spe-

cies. The majority of species are distributed in the New 
World and only 13 are found in the Old World, of which 
six are native of the Iberian Peninsula: the yellow lupin 
L. luteus, the narrow-leaf lupin L. angustifolius, the blue 
lupin L. cosentinii, L. hispanicus, L. gredensis (L. hispani-
cus subsp. bicolor) and L. micranthus, all thriving mainly 
in acid or neutral soils (pH 5.0–7.0) (Castroviejo and Pas-
cual, 1999). Recently a new endemic species of Lupinus, 
described as L. mariae-josephi (Pascual, 2004), has been 
found in the Eastern Iberian Peninsula. L. mariae-josephi 
is in danger of extinction due to its reduced habitat, now 
restricted to four geographical locations in the Valencia 
province: Montserrat, Llombai, Xàtiva and Gandía. The 
habitat of L. mariae-josephi is a singular chromic Luvisol 
with active lime and high pH (≈ 8.0), also known as “terra 
rossa”. In this regard, L. mariae-josephi contrasts with 
other lupins from the Iberian Peninsula that are adapted 
to acid or neutral soils. A recent taxonomic study placed 
L. mariae-josephi in a unique phylogenetic position within 
the Lupinus genus (Mahé et al., 2011). 

The lupins, like most legumes, are able to establish 
a nitrogen fi xing symbiosis with bacteria collectively 

* The paper is a shortened version of the publication by Sánchez-Cañizares et al., 2011, SAM 34: 207-251.
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Association, Canterbury, New Zealand. ISBN 978-83-61607-73-1.



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE244

known as rhizobia. Among rhizobia isolated from lupin 
nodules, fast-growing strains (poorly characterized) and 
mainly members of Bradyrhizobium genus have been 
found (Barrera et al., 2003). Lupin bradyrhizobia are 
a heterogeneous group of rhizobia where most of the 
isolates from Lupinus in Europe, Australia and Africa 
belong to the B. japonicum or the B. canariense species 
and are intermingled with isolates from other Genisteae 
legumes and from Ornithopus spp. In contrast, Lupinus 
spp. from the New World are mostly nodulated by strains 
of B. japonicum (Jarabo-Lorenzo et al., 2003, Stepkowski 
et al., 2007). An initial characterization of L. mariae-jo-
sephi endosymbionts has been carried out by our group 
(Sánchez-Cañizares et al., 2011).

Effi cient rhizobial strains were isolated using trap-
plants from soils of fi ve different sites in the Llombai 
area (Valencia) and only 1 to 10 nodules were observed 
per plant, which suggests a low concentration of specifi c 
rhizobia in these soils. Thirteen isolates were selected 
for their effi cient nodulation and nitrogen fi xation ca-
pacity, and were designated as Lmj strains. Unlike other 
bradyrhizobia isolated from lupins growing in acid soils, 
all the Lmj strains are extra-slow growing bacteria with a 
mean generation time greater than 20 h in YMB or ∼15 
h in AGB (Arabinose Gluconate Broth), although differ-
ences were observed among them. Lmj colonies were not 
mucoid and had a size of <2 mm diameter after 6 days on 
YMA plates. This extremely slow growth rate complicated 
phenotypic characterization. Growth experiments at 
different pH showed that L. mariae- josephi isolates are 

unable to grow at pH 5.0, in contrast to the B. japonicum 
USDA110 strain and isolates from L. angustifolius. 

SYMBIOTIC PHENOTYPES OF 
L. MARIAE-JOSEPHI STRAINS
Symbiotic properties of the new Lmj strains were in-

vestigated by two types of legume cross-inoculation tests. 
In a fi rst assay, fi ve Lmj isolates were used to inoculate 
seven Lupinus spp. growing in acid soils in the Iberian 
Peninsula and six other legume species, most of them 
previously reported to be nodulated by lupin rhizobia 
(Table 1). In a second assay, twelve strains isolated from 
the aforementioned Lupinus spp. and strains from other 
legumes were tested for nodulation with L. mariae-josephi 
plants (Table 2).

Regarding the fi rst assay, the fi ve Lmj strains exhibited 
similar behavior with most of the legumes tested. Effi cient 
red nodules were observed with L. mariae-josephi host 
controls. L. albus showed abundant nodules, consistent 
with the promiscuous nodulation character of this Lupinus 
species. L. cosentinii and L. micranthus were nodulated 
only by some of Lmj strains tested, and nodules showed 
relatively low nitrogenase activity (assayed by acetylene 
reduction). Absence of nodulation was observed with L. 
luteus, L. angustifolius, L. hispanicus and L. gredensis. 
Only one Lmj strain was able to produce effi cient nodu-
les with M. atropurpureum while the other strains were 
either non-nodulating or produced white tumor-like 
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nodules with no nitrogenase activity, as it was also the 
case with cowpea (Vigna unguiculata). Soybean (Glycine 
max) chickpea (Cicer arietinum), Lotus corniculatus, 
and serradella (Ornithopus spp.) were not nodulated by 
Lmj strains. 

The results obtained using L. mariae josephi plants as 
host showed the induction of ineffi cient nodules by isolates 
from L. albus, L. cosentinii, L. micranthus, L. angusti-
folius, L. luteus and L. hispanicus, although differences 
were observed among isolates from the same lupin. On 
the other hand, the strains isolated from soybean (either 
B. japonicum or B. elkanii), cowpea or chickpeas were 
unable to nodulate L. mariae-josephi while serradella 
strains produced poorly effective nodules (Table 2).

PHYLOGENY OF L. MARIAE-
JOSEPHI STRAINS 

Phylogenetic analyses from partial DNA sequences 
of four housekeeping genes (16S rRNA, glnII, recA, and 
atpD) and nodulation gene nodC were carried out. The 
analyses also included representative isolates of Lupinus 

spp. adapted to growth in acid soils from the Iberian 
Peninsula, one isolate from serradella and two B. elkanii 
strains, as well as available sequences in the GenBank/
EMBL databases from fast-growing strains of rhizobia, 
and reference or recently isolated strains of Bradyrhizo-
bium. Phylogenetic trees were built using both the ML 
and NJ methods. Consistent results were obtained by 
both sequence analysis methods and only ML trees are 
presented in Figures 1, 2 and 3. 

Phylogeny based on 16S rRNA gene 

The phylogenetic tree based on 16S rRNA gene sequ-
ence indicated that all L. mariae-josephi strains form a 
strongly supported (> 90% ML bootstrap) monophyletic 
Clade (Clade I) within the Bradyrhizobium genus (Fig. 
1). The group also included B. jicamae, some strains of 
B. elkanii (Ramirez-Bahena, 2009), and isolates from 
Argelian Retama spp. (Boulila et al., 2009) and from Pe-
ruvian Phaseolus lunatus (Ormeño-Orrillo et al., 2006). 
In contrast, isolates from Lupinus spp. such as L. luteus, 
L. angustifolius, L. cosentinii, L. hispanicus, L. greden-
sis and L. micranthus growing in acid soils in different 
geographical locations of the Iberian Peninsula (ISLU 
isolates), as well as isolates from Ornithopus spp., were 
grouped within B. japonicum-like lineages in Clade II. 

Phylogenies based on housekeeping genes glnII, 
recA, and atpD 

Analyses based on concatenated sequences of genes 
glnII, recA, and atpD were consistent with the 16S rRNA 
gene phylogenetic tree, since both divergent clades were 
again observed (Fig. 2). Clade I included all Lmj isolates 
and B. jicamae PAC68, and was separated from Clade II, 
that contained the isolates from all the other Lupinus spp. 
from the Iberian Peninsula (ISLU strains). Most of the 
ISLU isolates grouped with the B. canariense reference 
strain BTA-1, and some with the B. japonicum bv geni-
stearum lineage. Based on the concatenated (glnII+re-
cA+atpD) tree, Lmj isolates form a single monophyletic 
cluster that includes three sub-groups. These sub-groups 
are also differentiated by symbiotic properties and could 
correspond to different genospecies. The individual ana-
lyses with glnII, recA, and atpD produced essentially the 
same phylogenetic trees with minor differences.

Phylogeny based on symbiotic gene nodC 

The signal molecules that trigger nodule formation 
in legume host plants are called Nod Factors. NodC is 
an essential protein required for Nod factor production. 
The tree based on nodC gene gathered Lmj strains in a 
uniform group (Fig. 3) unrelated to nodC sequences from 
other Lupinus spp. isolates. The Lmj nodC group was 
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close to nodC sequences present in strains from Retama 
spp. from Algeria and in fast growing rhizobia such as 
Mesorhizobium mediterraneum, suggesting that symbio-
tic genes from Lmj strains and from strains isolated from 
other Lupinus spp. derive from different ancestors. 

CONCLUSIONS 
The novel Lupinus mariae-josephi species thrives in 

soils with active lime and high pH, in contrast with other 
Lupinus spp. adapted to grow in acid soils. L. mariae-

josephi nodule isolates are extra-slow growing bacteria 
sharing this characteristic with isolates from Lima beans 
(Phaseolus lunatus) from Peru and retama (Retama ra-
etam and R. sphaerocarpa) from Northern Algeria. 

The basic nature of the soils where L. mariae-josephi 
thrives could be related to the inability of their endo-
symbiotic bacteria to grow at pH 5. In this regard, it is 
signifi cant that L. mariae-josephi endosymbiotic bacteria 
are unable to nodulate Lupinus spp. that require acid so-
ils, such as L. angustifolius, L. luteus, L. hispanicus and 
L. gredensis, in contrast with their capacity to nodulate 
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species that tolerate basic soils such as L. cosentinii and 
L. albus  This behavior may suggest an effect of soil on 
the nodulation specifi city of L. mariae-josephi bacteria, 
which is relevant, since most, if not all, the Lupinus spp. 
from the Old World also thrive in acid soils. However, it is 
more likely that the Lupinus spp. host is the determinant 
factor for specifi city, and that the capacity of L. mariae-
josephi bacteria to nodulate L. albus and L. cosentinii is 
more consistent with the previously reported promiscuity 
of these species towards diverse lupin endosymbiotic 
bacteria. 

Phylogenetic analyses of Lmj nodule isolates based 
on comparison of sequences from “housekeeping genes” 
(16S rRNA, glnII, recA, atpD) yielded convergent re-
sults showing that the Lmj nodule isolates group in a 
new clade within the Bradyrhizobium genus, which was 
well differentiated from the currently named species of 

Bradyrhizobium and, singularly, from the nodule isolates 
from other Lupinus spp. native of the Iberian Peninsula 
and of other places around the world, all of which are 
mainly related to  B. japonicum and B. canariense species  
(Stepkowski et al. 2007). Surprisingly, nodule symbionts 
of Retama sphaerocarpa from Northern Algeria were 
phylogenetically close to L. mariae-josephi isolates, as 
supported by the phylogenetic analysis of recA and glnII 
gene sequences (Sanchez-Cañizares et al., 2011). However, 
additional data are needed to understand the meaning of 
this phylogenetic proximity.

According to the phylogenetic nodC tree, Lmj isolates 
belong to a single evolutionary lineage distant from the 
bradyrhizobia nodulating other Lupinus spp. studied so 
far, which are included in the B. canariense or B. ja-
ponicum lineages. Although analysis of more symbiotic 
genes is needed, the high degree of similarity among 
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L. mariae-josephi isolates based on nodC is consistent 
with their host specifi city range (ie. unable to nodulate 
Lupinus spp. adapted to acid soils such as L. angustifolius 
or L. luteus), and again suggests that it is the plant host 
that determines endosymbiotic bacterial selection.

Additional isolates and detailed phenotypic and 
genetic studies will be required to clearly defi ne the 
biodiversity of Lmj bacteria. The allopatric (geographic) 
speciation of Lmj bradyrhizobia may have resulted from 
the colonization of the singular habitat (basic and high 
calcium carbonate soils) of this Spanish area by its unique 
legume host.
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ABSTRACT
The effects of nitrogen and potassium supply on sym-
biotic dinitrogen fi xation and yield of blue lupins 
were investigated in fi eld plot experiments with 15N 
labelled fertilizer (15NH4)2SO4). The amount of sym-
biotic fi xed dinitrogen was calculated as the differ-
ence between total plant N and the sum from fertil-
izer derived N, seed borne N, soil derived N and N 
deposition. The following results were obtained:
1. Lupinus angustifolius fi xed considerable amounts 

of dinitrogen between fl owering and ripeness. In 
this stage, we observed a strong increase of dry 
matter yield, too.

2. K supply stimulated fertilizer uptake but did not 
infl uence dry matter yield or biological dinitro-
gen fi xation.

3. Mineral N supply at sowing increased dry matter 
production and nitrogen accumulation of the blue 
lupins only slightly. The symbiotic fi xed N was not 
infl uenced by N fertilizing at sowing.

4. Mineral N supply at fl owering reduced the dry 
matter production, N uptake and symbiotic dini-
trogen fi xation slightly. 

5. The seed and seed crude protein yields of blue lu-
pins were not signifi cantly infl uenced by N and K 
fertilization.

6. The relationships between biological dinitro-
gen fi xation, supply of combined nitrogen and 
plant yield of blue lupins were more similar 
to yellow lupins, and contrary to white lupins. 
The biological N2 fi xation of Lupinus angustifolius 
appears relatively tolerant to mineral N supply.

7. For yield formation, blue lupins need neither N 
fertilization at vegetative start nor late N supply 
at fl owering.

KEY WORDS
mineral fertilization, dinitrogen fi xation, 15N labelling, 
fi eld plot trials, Lupinus angustifolius L.

INTRODUCTION
Lupins are interesting crops in agricultural land use 

systems consisting of a high rye production especially on 
sandy soils (Cowling et al., 1998, Hanelt, 1960, Römer, 
2007). Due to their biological N2 fi xation ability, their 
high phosphate uptake efficiency (Dinkelaker et al., 
1989) and their root system lupins support soil fertility 
(Römer, 2007).

Moreover, their seeds, due to their high protein and 
low starch contents compared to other endemic grain 
legumes, are good animal food intermixtures (Merbach, 
1983, 1985, Meixner et al., 1982/83, Römer, 2007). During 
the last years, the growing areas of lupins amounted from 
33 000 ha up to 45 000 ha in Germany (Römer, 2007) 
with the main producing area in Brandenburg (17 800 ha), 
Mecklenburg-Vorpommern (5 400 ha), Saxonia-Anhalt (5 
100 ha) and Lower Saxonia (Römer, 2007).

A third advantage of lupin cultivation is the low labor 
intensity from April to June, the months with highest 
fertilization and pesticide treatments in cereal production 
in Germany.

Unlike to the white and yellow lupins, the blue lupin 
(Lupinus angustifolius L.) is tolerant against the lupin 
illness Anthracnosis. Therefore, more than 90% of the 
lupin growing area is tilled with blue lupins in Germany. 
Additionally, blue lupins are more lime tolerant than yel-
low lupins and contain higher amounts of seed proteins 
and low antinutritive substances like tannins, lectins and 
protease inhibitors.
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Compared to white and yellow lupins, the knowledge 
about growth behaviour, biological dinitrogen fi xation 
ability and the nutrient effi ciency of blue lupins at mid-
dle European conditions is low (Merbach and Schilling, 
1980, Merbach et al., 1983, 1985, Wink, 1995, Schulze et 
al., 1999). In practise, fertilization instructions are easi-
ly adopted from other lupins. To realize optimal yields 
of blue lupins, detailed knowledge about the duration, 
amount and affectability of symbiotic dinitrogen fi xation 
and about the potassium fertilization is essential since N 
acts as a basic nutrient of seed proteins and K has a key 
function as an enzyme and swelling activator. Therefore, 
yield quality and drought tolerance are mainly affected 
by these two nutrients. Drought tolerance has a special 
importance since the main growing area in Germany is 
located on sandy soils, and the soil has often very low 
plant available potassium concentrations.

The present study shows some effects of nitrogen 
and potassium supply on symbiotic dinitrogen fi xation, 
dry matter yield and nitrogen assimilation of blue lupins 
under fi eld conditions. 

MATERIALS AND METHODS
a) Experimental design and treatments 

Blue lupins (var. Haags Blaue) were cultivated in a fi eld 
plot trial, located in Halle (Saale), Germany (115 m over 
NN), on Julius Kühn Field of Martin Luther University. 
The soil is a sandy loam (pH = 5.3 (CaCl2), Nt = 0.092%, 
9.1 mg P and 7 mg K/100 g soil), the yearly average pre-
cipitation is 465 mm, and the yearly average temperature 
is 9.2oC. The setting consisted of 10 variants (each with 4 
repetitions) with different N and K fertilizing (see table 
1). The plot size was 21 m² and the harvest area only 2 
m² (elimination of possible edge effects). A seed inocu-
lation with NPPL - HiStick (Bradyrhizobium lupini) was 
done before sowing. Ammonium sulphate (40 kg N/ha at 
sowing or at fl owering) was used as N fertilizer, which 
was labelled with 15N (10 at - % 15Nexc), in order to diffe-
rentiate the origins of plant N uptake (fertilizer derived 
N, soil borne N, other N sources). Potassium sulphate 
served as K fertilizer (80 kg K/ha). Soil samples of every 
plot were taken before fertilizing and after harvests to 
determine different soil N fractions (Nt, soluble N, pH, 
other nutrients). On reference areas (0.5 m2) of every plot, 
a small N amount (0.5 g /m2, dissolved in water) with a 
high 15N abundance (96 at -% 15Nexc) was applied to label 
the soluble soil N (NH4

+, NO3
- = so called Nmin) with 15N. 

This allowed the calculation of soil N uptake by the plants. 
The Nmin content of the not N-fertilized plots amounted 
to 1.3 mg / 100 g soil (own analyses) and to 3.5 g/m² area 
(upper soil layer = 0-20 cm, assuming a bulk density of 1.4 
g/cm³ (HERBST, 1976). That means that  the applied 15N 
(0.5 g N with a 15N abundance of 96 at -%exc) was diluted 
by a factor of 8, and that the Nmin of the reference area was 

labelled with 12 at- % 15Nexc., high enough to analyze the 
soil N uptake of lupins adequate. 

b) Sample preparation and analytical methods

After harvesting at fl owering the plants were divided 
into shoots and roots, after harvesting at ripeness into 
roots, shoots, pods and grains. The fresh matter of all 
these plant parts was estimated. The plant material was 
dried until a weight constancy was achieved (dry matter 
estimation) and then milled into fi ne powder. Total N as 
well as 15N abundance (at -% 15Nexc.= measured at -% 15N 
of sample minus natural 15N content (0.365 at -% 15N)) 
were analysed in all plant and soil samples by means of 
a C/N-analyzer (Vario EL, Elementar-Analysen GmbH 
Hanau), combined with an emission spectrometer (NOI 
7: Fischer-Analysentechnik, Leipzig). N and 15N of NH4

+ 

und NO3
- in soil were measured with the SPINMAS 

system. This technique represents a direct coupling of a 
newly developed SPIN (Sample Preparation of Inorganic 
Nitrogen) to a common quadrupol mass spectrometer 
(MAS). The SPIN unit is designed for an automatic and 
controlled chemical conversion of dissolved N species 
(e.g. NH4

+, NO3
-
 etc.) to a gaseous N product readily me-

asurable by mass spectrometry (for details see STANGE 
et al., 2007).
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c) Calculation of N origin in plants

The origin of nitrogen in plants was calculated as fol-
lows (in mg per m2):

RESULTS
a) Yield and symbiotic N2 fi xation at fl owering 
and ripeness

Dry matter yields and symbiotic dinitrogen fi xation of 
blue lupins without N and K apply are shown in Table 2.
L. angustifolius fi xed considerable amounts of dinitrogen 
between fl owering and ripeness. This behaviour was si-
milar to the dinitrogen fi xing properties of yellow lupins 
and fi eld beans (Merbach and Schilling, 1980). In this 
(generative) stage, we observed a strong increase of dry 
matter, too. 

b) Infl uence of K application on yield and sym-
biotic N2 fi xation

K supply stimulated fertilizer-N uptake, but did not 
infl uence dry matter yield or biological dinitrogen fi xation 
(Table 3). 

c) Infl uence of N fertilizing at sowing on yield 
and symbiotic N2 fi xation

Table 4 shows the effect of N fertilizing at sowing 
on yield and symbiotic N2 fi xation of blue lupins. Dry 
matter production was only slightly but not signifi cantly 
increased by N apply at sowing. The dinitrogen fi xation 
was not infl uenced by this fertilizing measure.

d) Infl uence of N application at fl owering on yield 
and symbiotic N2 fi xation
Table 5 shows that mineral N supply at fl owering 

reduced dry matter production, N accumulation, and 
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symbiotic dinitrogen fi xation slightly, but increased the 
soil N uptake signifi cantly.

e) Infl uence of N and K supply on grain dry matter 
and crude protein yields of blue lupins

In Table 6, one can see that grain dry matter and crude 
protein yields were increased slightly, but not signifi cantly, 
by K supply and N application at fl owering (NB). N supply 
at sowing slightly decreased both parameters.

CONCLUSIONS
Blue lupins need for yield formation neither a N ferti-

lization at vegetative start nor a late N supply at fl owering. 
The relationship between biological dinitrogen fi xation, 
supply of combined nitrogen and plant yield of blue lupins 
were more similar to yellow lupins and contrary to white 
lupins. The symbiotic dinitrogen fi xation of Lupinus 
angustifolius appears relatively tolerant to mineral N 

supply. Further studies are necessary to understand this 
phenomenon, to quantify the N2 fi xation with different 
Rhizobium strains and to specify the proportions of dif-
ferent sources of plant N uptake.
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ABSTRACT
Diseases of soil-borne fungi are a limiting factor 

for legume production worldwide. To secure and 
expand cultivation of narrow-leafed lupin (NLL), it 
is essential to develop varieties which show adequate 
resistance to the pathogen complex of root and stem-
based diseases. Knowledge of possibly dangerous 
fungi and early diagnosis of fungal diseases in infected 
plant material are the basis for successful breeding of 
resistant varieties. The pathogens were characterized 
morphologically and determined by DNA sequence 
comparison.  In total, 34 fungal species were detected 
in more than 1800 isolates obtained from NLL in 
North-East Germany between 2005 and 2007. Among 
the most frequent were Fusarium spp., saprophytes, 
Thielaviopsis basicola, Phoma spp., Cylindrocarpon 
destructans and Rhizoctonia solani. A set of species-
specifi c primers was designed for in planta detection 
of F. oxysporum, F. solani, F. equiseti, T. basicola, 
and R. solani by nested PCR using the internal 
transcribed spacer regions (ITS1/ITS2) of nuclear 
ribosomal DNA and the translation elongation factor 
1α (TEF1α) gene sequence. This method enabled us 
to diagnose the disease before symptoms occur and, 
furthermore, to identify pathogens that occur in 
mixed infections thus allowing a rapid and reliable 
screening in planta.

KEY WORDS
narrow-leafed lupin, disease resistance, soil-borne fungal 
pathogens, PCR

INTRODUCTION
More than 80% of all known plant diseases are caused 

by fungal pathogens. The most important fungal disease 
in cultivation of NLL, anthracnosis, caused by Colletotri-
chum lupini, can be effectively controlled by deployment 
of resistance genes and appropriate chemical treatment. 
However, soil-borne root, stem and wilt diseases often fa-
vored by damage through lupin weevils gain increasingly 
importance, particularly since fungicides do rarely take 
effect. Breeding for resistance against the causing fungi 
is regarded as a means to alleviate disease pressure. The 
diseases are caused by species of the genera Fusarium, 
Phoma, Thielaviopsis, Sclerotinia, Rhizoctonia, Cylin-
drocarpon, Pythium and Botrytis. Species-specifi c diag-
nosis is diffi cult due to mixed infections. In yellow lupin 
(L. luteus) up to 85 species could be isolated from different 
plant tissues (Feiler, 1998). Thus, identifi cation of indi-
vidual pathogens is indispensible. Molecular diagnostics 
of plant fungal diseases has been suggested by using PCR 
of conserved DNA sequences bearing suffi cient nucleotide 
variation at the species level (McCartney et al., 2003).

This study aimed at: i) a survey of soil-borne fungal 
pathogens in the NLL cultivation region in North-East 
Germany over three years, ii) isolation, characterization 
and classifi cation of root and stem colonizing fungi, and 
iii) the development of a routinely applicable method to 
rapidly screening many plants for important soil-borne 
pathogenic fungi.

MATERIALS AND METHODS
Plant material

Lupin plants were collected primarily from three sites 
of breeding nurseries of Saatzucht Steinach in Bocksee, 
and the experimental station of the University of Rostock 
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(Mecklenburg – West Pomerania). At least 60 samples 
from each of fi ve developmental stages (BBCH codes 
15, 25, 39, 61, 81) were taken between 2005 and 2007. In 
addition, three multiplication fi elds were sampled at three 
vegetation dates (leaf emergence, fl owering, maturity). 
The NLL varieties included Boltensia, Bora, Boregine, 
Borlu, Boruta and Vitabor.

Fungal culture and primary classifi cation

Roots and hypocotyls from collected plants were cut 
to 2mm pieces, surface-sterilized with 1.5% sodium hy-
pochlorite for 2 minutes and repeatedly washed with H2O 
dest. Pieces were cultured on 20% v/v vegetable juice agar, 
SNA agar and malt extract agar. Plates were cultivated 
for 7 to 12 days in the dark at 18 to 20°C. Fungal isolates 
were characterized on the nutrient medium morphologi-
cally (Gerlach and Nirenberg, 1982; Barnett and Hunter, 
1998) using a binocular at 5- to 20-fold magnifi cation or a 
microscope at 200- to 1000-fold magnifi cation. In case of 
ambiguous classifi cation such isolates were grown as pure 
culture on different media. In order to induce sporulation, 
plates were incubated under near-UV light at 18 to 20°C 
for 12h. Pure cultures were stored at 4°C on media or at 
-85°C as conidia or spore suspensions supplemented with 
25% v/v glycerol or 30% v/v MGM.

DNA extraction

Media-grown mycelium was scraped off from plates, 
frozen in liquid nitrogen and homogenized in Eppendorf 
tubes using a mechanical mixer mill (Retsch, Haan, Ger-
many). DNA was either extracted by 6% Chelex-100 or 
a fungal DNA mini extraction prep method (PEQLAB, 
Erlangen, Germany).

DNA from surface-sterilized plant tissue (root, stem 
base) was extracted after freezing and homogenization 
using a miniprep CTAB method and subsequent chloro-
form extraction. DNA was precipitated with isopropanol, 
washed with 70% ethanol and resuspended in water.

PCR and sequencing

For amplifi cation of the internal transcribed spacer 
(ITS) region between the 18S and 28S rDNA primers 
ITS1-F and ITS4 were used. In order to distinguish 
Fusarium spp. we have chosen primers ef1 and ef2 from 
the translation elongation factor TEF1α. Forward and 
reverse primer sequences of these regions are given in 
Table 1. To increase sensitivity and allow species-specifi c 
amplifi cation, a two-step PCR according to Jackson et al. 
(1991) was applied. Species-specifi c primer sequences, 
including F. culmorum and Pythium ultimum primer 
information from literature are listed in Table 2.

PCR reactions were performed in 22μl volume using 
0.05U Taq polymerase (PEQLAB), 0.2mM primer and 
0.2mM dNTP mix. The PCR profi le consisted of 30 cycles 
20s 94°C denaturation, 30s 55°C annealing, 40s 70°C 
elongation, after an initial denaturation (3 min) and prior 
to a fi nal elongation step (6 min). Amplifi cation products 
were separated on a 2% agarose gel and visualized with 
ethidium bromide (0.2 μg/ml) under UV light.

PCR products were purified for sequencing with 
peqGOLD Cycle Pur Kit (PEQLAB) and sequenced by 
Sequence Laboratories (Göttingen) using ITS and TEF1α 
primers. DNA sequences were compared to Genbank 
database entries using BLAST (Altschul et al., 1997): 
These sequences also served to design primers in spe-
cies-specifi c DNA segments.

RESULTS AND DISCUSSION
Fungal spectrum

Fungi were isolated in three consecutive years and iso-
lates classifi ed by micoscopy and by their ITS sequences 
(White et al., 1990; Gardes and Bruns, 1993). In 2005, in 
a sample of 180 isolates besides pathogenic fungi also my-
coparasites and opportunists were detected, accounting 
for a quarter of all samples. Among the pathogenic fungi 
Fusarium spp. were prevalent, followed by Thielaviopsis 
basicola, Sclerotinia ssp., Phoma spp. and Cylindrocar-
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pon destructans. Alternaria spp. and Rhizoctonia spp. 
were rarely observed (each 1%). As in the previous year 
Fusarium spp. predominated over other fungal species in 
2006 and 2007 (Figure 1). Various species, particularly 
F. oxysporum, form the Fusarium wilt complex. Wilt 
results from colonization of the plants’ phloem and xylem 
vessels. As well, these pathogens may cause root and 
crown rots. Thielaviopsis basicola which constituted a 
signifi cant share among all samples causes black root rot 
in lupins, but also other plant families such as Solanaceae 
and Cucurbitaceae.

To discriminate among individual Fusarium species 
we made use of the TEF1α sequence information. Se-
quence analyses confi rmed the conspicuous occurrence of 
F. oxysporum, and no less important was the F. avenaceum 
complex, consisting of F. acuminatum, F. tricinctum and 
F. avenaceum, and F. solani. However, the composition 
of the Fusarium spectrum differed noticeably between 
2006 and 2007 (Figure 2), as indicated by the absence and 
presence of F. equiseti in 2006 and 2007, respectively, and 
vice versa for the occurrence of F. culmorum. The reason 
for this discrepancy remains unclear.
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In total, 34 isolated fungal species could be identifi ed. 
Although the detection of other species might have failed 
due to choice of culture media, the results should refl ect a 
general picture of the fungal spectrum in NLL in North-
East Germany. The results also implicate the urgency of 
screening tests in resistance breeding at least to the two 
most frequent pathogens, F. oxysporum and T. basicola 
causing wilt and rot diseases.

In planta detection of fungal species by nested 
PCR

The design of species-specifi c primers enabled us 
the diagnosis of pathogenic fungi in planta. Therefore, 
specifi c primers were employed in a nested PCR, i.e. the 
PCR products obtained with the ITS primers served as 
a template for the nested annealing of species-specifi c 
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primers. Primers for nested PCR could be established 
for the most important soil-borne pathogens (Table 2) but 
failed for differentiation of the F. avenaceum complex and 
Phoma species. Primer sequences for F. culmorum were 
taken from Schilling et al. (1996), and different primers 
derived from the ITS region were used for Pythium ulti-
mum (Kageyama et al., 1997)). An example is shown in 
Figure 3 for F. oxysporum primer pair (Fox f1, Fox r2). 
In the lower panel only those plant specimen infested by 
F. oxysporum yielded a positive signal. This shows that 
an early diagnosis, i.e. prior to the appearance of visible 
symptoms, can be achieved by nested PCR. In addition, 
mixed infections can be detected, if possible by multiplex 
PCR.

A comparison between the molecular diagnosis and 
the visual assessment (based on morphology) of plants 
with mixed infections revealed that nested PCR was more 
sensitive and indicated a higher disease intensity in the 
analyzed plant samples.
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ABSTRACT
In Germany, breeders and farmers report severe 

damages in lupin crops due to insect herbivory every 
year, but possibilities for insect control are limited. 
Probably the most frequent pest in German lupin 
crops are the specifi c lupin weevils Sitona (Charag-
mus) gressorius and S. (Ch.) griseus (Coleoptera: 
Curculionidae). For the development of alternative 
pest management strategies, as the breeding of less 
susceptible cultivars, a better knowledge on biology 
and host specifi ty of harmful insects like lupin weevils 
is essential. In the present study the impact of insect 
herbivory on yield in crops of Lupinus angustifolius 
and the extent of infestation by lupin weevils on sev-
eral genotypes of L. angustifolius and L. luteus were 
assessed in fi eld experiments in Northern Germany. 
The results showed that the grain yield in L. angusti-
folius crops is strongly reduced (up to 40%) by insect 
infestation compared to insecticide treated plots. In-
festation by lupin weevils was higher in genotypes of 
L. angustifolius than in L. luteus genotypes. A high 
variability of susceptibility within the species L. an-
gustifolius was observed. Weevil feeding in L. angus-
tifolius genotypes with high alkaloid contents was 
as much as high as in genotypes with low alkaloid 
content.

KEY WORDS
insect herbivory, yield loss, Lupinus angustifolius, Lu-
pinus luteus, Sitona gressorius, Sitona griseus, lupin 
weevils, host plant preferences

INTRODUCTION
Insect herbivory is a serious problem in lupin (Lupinus 

spp.) crops in Germany, and the possibilities for chemical 

insect control are limited. Only one insecticide application 
is permitted per season, and merely one insecticidal agent 
is available (Bundesamt für Verbraucherschutz und Le-
bensmittelsicherheit 2011). Additionally, over 40 percent 
of lupins in Germany are grown in organic farming (data 
from 2008, Böhm 2009), where chemical pest control is 
impossible. 

Several insects are known to infest lupin crops: e.g. 
the aphids Myces persicae and Macrosiphum albifrons, 
Delia platura maggots, and Sitona spp. (Sweetingham et 
al., 1998). The weevils Sitona (Charagmus) gressorius 
F. and S. (Ch.) griseus F. (Coleoptera: Curculionidae) are 
specifi c herbivores on lupins in Europe (Andersen 1938). 
The adult weevils feed on the leaves, where they produ-
ce characteristic u-shaped notches on the leaf margins. 
The larvae feed on the root nodules of the lupin plants. 
Damages by lupin weevils are reported since the late 19th 
century (Karsch 1884), but only a few studies concerning 
this issue were published so far. Silva and De Oliveira 
(1959) documented infestation rates of 80-100% on 
L. luteus L. (yellow lupin) plots in Portugal and observed 
considerable yield loss due to insect infestation. In Ger-
many, infestations by S. gressorius and S. griseus were 
reported frequently, especially since L. angustifolius L. 
(narrow-leaed lupin) has replaced L. luteus as the predo-
minantly grown species. 

To improve lupin cropping in both conventional and 
organic farming alternative pest control strategies have 
to be developed. For this purpose, more information on 
insect infestation in lupins, especially by the lupin weevils 
S. gressorius and S. griseus is needed. A better knowled-
ge of the host specifi city of lupin weevils is essential for 
the breeding of lesser susceptible lupin cultivars. In the 
present study the impact of insect herbivory on yield in 
crops of L. angustifolius and the extent of infestation by 
lupin weevils on several genotypes of L. angustifolius and 
L. luteus were assessed in fi eld experiments in Northern 
Germany.
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MATERIALS AND METHODS

Infl uence of insect infestation on yield of 30 blue 
lupin genotypes

A fi eld trial was conducted on an experimental site in 
Bocksee (Mecklenburg-Western Pomerania, Germany) 
in the years 2009 and 2010. Thirty (2009) or 29 (2010) 
genotypes (cultivars, gene bank accessions and a breeding 
line) of L. angustifolius were sown in a randomised block 
design with eight replicates for each genotype (sowing 
date in both years: 26.03). The plot size per each single 
replicate was 6 m². Four replicates of each genotype were 
treated with insecticides; the other four replicates rema-
ined untreated. Insecticide treatment persisted in insecti-
cide seed coating with 0.15 l dt-1 Smaragd® forte (Bayer, 
clothianidin 375 g l-1, beta-cyfl uthrin 80 g l-1) and weekly 
spraying with 0.75 l ha-1 Karate® Zeon (Syngenta, 100 g 
l-1 lambda-cyhalothrin) from emergence until formation 
of fl ower buds (BBCH 50). The grain yield (in t ha-1) of 
the single genotypes in both treatments was assessed by 
weighing after the harvest. 

The R version 2.11.1 (R Development Core Team 2011) 
was used for statistical analysis. One-way anova was used 
to analyse effects of treatments, years and classifi cation of 
the genotype as cultivar or gene 
bank accession. The breeding 
“Bo9027”, was treated as “cul-
tivar” in this comparison.

Screening on lupin weevil infestation on different 
lupin genotypes

In 2008, 2009 and 2010 113 different genotypes of L. 
angustifolius and ten genotypes of L. luteus were inve-
stigated on weevil infestation on leaves and roots. Field 
experiment were carried out with one (2008), two (2009), 
or four (2010) replicates of each genotype. The plot size 
of a single replicate was 3 m² in 2008 and 6 m² in 2009 
and 2010, respectively. In years with replications (2009 
and 2010), the plots were sown in a randomised block 
design. The experimental site was located on the same 
fi eld as the yield experiments. The total number of used 
genotypes was 110 in 2008, 119 in 2009, and 27 in 2010. 
21 genotypes of L. angustifolius and 2 genotypes of L. 
luteus were examined repeatedly in all three years (Table 
1). The infestation by lupin weevil adults or larvae was 
determined on two dates each year (Table 2). On each 
date, fi ve plants per genotype and replicate were taken 
from the fi eld and the feeding damage on leaves (fi rst 
date) or roots (second date) was estimated. A fi ve-level 
scoring scheme (Table 3) was used to assign a damage 
score for each plant. An infestation index for leaves (Leaf 
feeding index = LFI) and roots (Root feeding index = 
RFI) was calculated for each genotype according to the 
following formula:



PROCEEDINGS 13TH INTERNATIONAL LUPIN CONFERENCE264

An infestation index of 0 indicates no damage; an in-
dex of 100 indicates a very high damage. For comparison 
between L. angustifolius and L. luteus (Mann-Whitney-
U-test, p <0.05) and for analysing the correlation between 
LFI and RFI (Spearman’s rank correlation, p <0.05), 
feeding indices of all tested genotypes of each year were 
used. Species comparison was not possible with data from 
2008, because the sample size was too small. Feeding 
indices of L. angustifolius genotypes with high and low 
alkaloid content were compared by Mann-Whitney-U-test 
(p<0.05), as well. Statistical analyses were performed with 
R, version 2.11.1 (R Development Core Team 2011).

RESULTS

Infl uence of insect infestation on yield of L. angu-
stifolius genotypes

In general, yield was considerably lower in 2010 than 
in 2009. In both years, grain yield of each genotype was 
higher in insecticide-treated plots than in untreated plots 
(Figure 1). The average yield of all genotypes in 2009 was 
2.76 ± 0.55 t ha-1 (mean of all genotypes ± standard devia-
tion) in untreated plots and 3.49 ± 0.69 t ha-1 in insecticide-
treated plots (Table 2). In 2010, grain yield of untreated 
plots was 0.86 ± 0.32 t ha-1 compared to 1.36 ± 0.29 t ha-1 in 
insecticide-treated plots. Gene bank accessions averaged 
a lower yield than cultivars in both years and treatments. 
Yield differences between treatments, years and between 
cultivars and gene bank accessions were signifi cant (one-
way anova, p <0.05). Insecticide-treatment caused a mean 
yield increase of 26.8 % (0.74 t ha-1) in 2009 and of 58.4% 
(0.50 t ha-1) in 2010. Based on the yield in insecticide-tre-
ated plots as the maximum yield possible, insect herbivory 
leads to yield losses of 20-40%.

Screening on lupin weevil infestation on different 
lupin genotypes

In all three years, a weak correlation between feeding 
damage on leaves and roots was found (Figure 2; Spear-
man’s ranked correlation, ρ2008 = 0.51 (p = 0.0128), ρ2009 = 
0.69 (p = 0.0003), ρ2010 =0.42 (p = 0.0482)). Genotypes of L. 
angustifolius averaged signifi cantly higher feeding indices 
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than genotypes of L. luteus (Table 5). A high variability 
in feeding indices was observed in L. angustifolius, but 
the alkaloid content had no signifi cant impact (Table 6). 
Within the 23 genotypes that were examined in all three 
experimental years, no single genotype showed constantly 
low or high feeding indices, but some genotypes occur on 
the top or the end of the scale repeatedly (Figure 3). The 
two genotypes of L. luteus, “Bornal” and “Bo32421”, sho-
wed the lowest feeding on leaves in 2008 and 2010, and on 
roots in 2009 and 2010. Within L. angustifolius low feeding 
could be found in the cultivar “Merrit” in both roots and 
leaves 2009 and 2010; high feeding was observed on the 
cultivar “Azuro” on leaves in 2008 and 2009, and on roots 
in all three years. 

DISCUSSION

Infl uence of insect infestation on yield of L. angu-
stifolius genotypes

The yields achieved in 2009 give an impress of the 
yield potential of current L. angustifolius cultivars in 
Northern Germany, if plants were not damaged by insect 
herbivory. The very low yield in 2010 is a result of disa-

dvantageous weather conditions in that year. The amount 
of insecticide used in this experiment was high above 
what is permitted in lupin cultures in Germany, which is 
a single spraying application per season (Bundesamt für 
Verbraucherschutz und Lebensmittelsicherheit 2011). The 
yield benefi t to be expected by the legal spraying practice 
is much smaller. The timing of the insecticide treatment 
is crucial, if a repeated application is not possible. In case 
of lupin weevils a large part of the feeding damage is pro-
duced by the larvae in the soil, and insecticide spraying 
is less or not effective there. To prevent larval feeding, 
insecticide application has to be conducted before eggs 
were laid by adult weevils. 

Since no assessment of insect infestation was done 
in this experiment, it would be inappropriate to regard 
the observed yield reduction as an exclusive result of 
lupin weevil infestation, since other insect pest occur on 
lupins, as well (e.g. aphids, Sweetingham et al., 1998). 
However, the experimental site of the yield experiment 
was adjacent to the site that was used to assess lupin 
weevil feeding damages (where L. angustifolius showed 
high weevil infestation), and no infestation by aphids was 
observed in the plots. Therefore, lupin weevil infestation 
can be held responsible for a large part of the determined 
yield losses. 
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Screening on lupin weevil infestation on different 
lupin genotypes

In the screening experiment, L. luteus was signifi -
cantly less susceptible for lupin weevil infestation than 
L. angustifolius, if both species are present on the same 
location. If only L. luteus is available, infestation and 
damage can be exceedingly high as well (Silva and De 
Oliveira, 1959). The feeding preferences of adult weevils 
seem to correspond with the extent of larval feeding on the 
root. This is much likely, if one assumes that eggs were 
laid by weevil females in the near of the plant where they 
stay for feeding. A large range in susceptibility could be 
observed within the 113 tested cultivars, breeding lines 
and gene bank accessions, but no single genotype could 
be found, that has continuously low feeding damages. 

Many herbivores avoid feeding on lupins with high 
alkaloid content (Wink, 1991). Some specialised herbivo-
rous insects have developed tolerance for the toxic compo-
nents of their host plant, as the lupin aphid Macrosiphum 
albifrons Essig which shows a feeding preference towards 
alkaloid-rich lupin genotypes and accumulates alkaloids 
in its body (Wink and Witte, 1991). In the present study, 
lupin weevils showed no avoidance of lupins with high 
alkaloid contents, so lupin alkaloids seem to have no 
deterrent effect on lupin weevils.

The root damages caused by lupin weevil larvae are 
likely to have a much larger impact on yield than the fora-
ging by adult weevils, as the destruction of nodules leads 
to a reduced nitrogen-uptake. In white clover (Trifolium 
repens L.), infestation with Sitona fl avescens Marsh. 
larvae caused a decrease of nitrogen-uptake and nitrogen 
content in plants (Murray et al., 1996). In addition, weevil 
injury provides entrance for various soil-borne pathogens 
causing root rot diseases, which could be detected in 
lupins (Thalmann and Struck, 2008).

CONCLUSIONS

The yield experiment has shown that insect herbivory 
leads to remarkably high yield losses in cultures of L. 
angustifolius in Northern Germany. Currently, there is 
no possibility for insect pest management in organic far-
ming at all. Therefore, there is an urgent need to develop 
integrated pest management strategies to improve lupin 
cultivation in Germany. 

In the screening experiment lupin weevils showed a 
preference for genotypes of L. angustifolius in compari-
son to L. luteus genotypes. The high variability observed 
within L. angustifolius indicates that genotypes with 
lesser susceptibility for lupin weevils can be found. Un-
derstanding the mechanisms of host plant selection will 
provide a basis for future breeding and control strategies. 
This will be the issue of further research.
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ABSTRACT
Soil borne fungi limit the productivity of lupin 

cultivation. In order to get an insight of  the existing 
range of soil-borne fungal pathogens of narrow-leafed 
lupin (Lupinus angustifolius L.) in the north-eastern 
growing region of Germany, fungal spores and myce-
lia from the root and stem-base of diseased plants were 
isolated. Diseases caused by fungi of the genus Fusar-
ium (F. oxysporum, F. avenaceum and F. solani) are 
the most common. Other soil pathogens which cause 
signifi cant damage are Thielaviopsis basicola, Phoma 
spp. and Rhizoctonia solani.  Artifi cal screening meth-
ods were established for the pathogens F. oxysporum, 
T. basicola, Sclerotinia sclerotiorum and R. solani. 
Based on these tests, the symptoms caused by these 
pathogens could be described in detail. Plants grown 
in pots were inoculated with diverse pathogens. Scores 
of disease symptoms ranging from 0 to 4 at different 
point of times were transformed to a disease index in 
order to refl ect the whole range of infection. Signifi cant 
differences among varieties and gene bank accessions 
were observed. Varieties susceptible to F. oxysporum 
are Borlu (67.5%) and Bora (50.0%). The six accessions 

– PI-283633 (29.7%), PI-385078 (26.1%), PI-308616 
(13.2%),  Bo-9027 (23.3%),  BGE-023639 (35.2%) 
and Bo-7212 (17.6%) showed tolerance to Sclerotina 
sclerotiorum. Accessions PI-274814 (27.2%), PI383249 
(32.1%) and Haags Blaue (26.7%) were tolerant to 
T. basicola. According to the test results susceptible va-
rieties were crossbred with resistant ones. The resulting 
F2 seeds were infected with different pathogens (F. oxy-
sporum, F. culmorum, T. basicola and S. sclerotiorum) 
to unravel the mode of inheritance (Table 2). Tests for 
different one- and two-gene models suggest oligogenic 
inheritance with dominance and/or epistasis. These 
populations are currently used  to identify candidate 
genes and to fi nd molecular markers for breeding. Our 
fi ndings may improve resistance breeding against soil-
borne fungal pathogens in lupin and thereby further 
establish lupin crops as an integral part of sustainable 
agriculture in Germany. 

KEY WORDS
resistance-tests, soil-borne fungal diseases, narrow-
leafed lupins
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MATERIALS AND METHODS
Resistance tests

The seeds of lupins were disinfected in an 1.5% sodi-
um hypochlorite solution for 5 minutes. Each inoculum 
(oat-wheat-mixture) of Sclerotinia sclerotiorum, Thielav-
iopsis basicola, Fusarium culmorum and Rhizoctonia 
solani (1.7 g l-1of soil) was mixed with soil for the respec-
tive trials. As for Fusarium spp. inoculation, the roots of 
the plant were cut by 5 mm at the 2 leaf stage (BBCH 21) 
and submerged into the conidia suspension (1 × 106 mL-1) 
for 15 minutes. Thereafter the plants were grown in pots 
and disease symptoms were scored from 0 to 4 (Table 1). 
R. solani symptoms were scored 18 days after inocula-
tion (DAI), symptoms of T. basicola 14 DAI on the roots 
and 21 DAI on the shoots. The scoring of S. sclerotiorum 
was carried out 8 DAI, of F. oxysporum 4 weeks and F. 
culmorum 21 DAI. These scores were then transformed 
into a disease index (DI%) ranging from 0 to 100% in 
order to improve the infection scale (Feiler 1998): DI(%) 
= (n0+n1×1+n2×2+n3×3+n4×4) × 100/(N×4) n0, n1, n2, n3, 
n4 = number of plants in the respective symptom class; 
N = total number of investigated plants.

Cross breeding

According to the test results, susceptible varieties 
were crossbred with resistant ones. Different fungal 
pathogens (F. oxysporum, F. culmorum, T. basicola and 
S. sclerotiorum) were used to infect F2 seeds to clarify 
the mode of inheritance of the resistances. 

The response to F. oxysporum was checked at 164 in-
dividuals derived from the crossing Boruta × Probor. 192 
individuals descending from the crossing Boruta × Borlu 
were checked for their reaction towards F. culmorum.

The seedlings were disinfected with 5% NaOCL for 
5 min and then immersed in a conidia suspension (5 × 
105 conidia/ml). Thereafter the plants were grown in pots 
with vermiculite. 1.7 g Sclerotinia inoculum and 1.1 g 
Thielaviopsis inoculum per plant pot were added to the 
vermiculite and the substrate was then homogenised. Af-
ter 2 weeks, the leaf assessment was carried out for F. 
oxysporum. After 4 weeks the roots were assessed for 
both F. oxysporum and F. culmorum. For the pathogen 
S. sclerotiorum 198 individuals derived from the cross-
ing Boregine × Bo 7212 were tested. As to T. basicola, 
192 individuals of the crossing Graf × PI 274814 were 
tested. The fi rst assessment occurred after 2 weeks.

The fi ndings were statistically analysed using a chi-
square test.

RESULTS AND DISCUSSION
The cv. Tallerack showed considerable differences 

in DI compared to other cultivars and gene bank ac-
cessions in the tests with S. sclerotiorum. The cultivar 
Borlu, Bora and Vitabor showed signifi cant differences 
in comparison to cvs. Tanjil, Probor and Rose. Tests with 
Rhizoctonia solani did not result in signifi cant differenc-
es between cultivars. In view of T. basicola cvs Graf, 
Vitabor and Idefi x showed a high susceptibility whereas 
PI 383249, PI 274814 and cv. Haags Blaue were tolerant. 
For tests with F. culmorum differences were statistically 
proven between cvs Boruta, Boregine and cvs Borlu and 
Probor (Figure 1). 

The F2 population obtained by crossing Graf × PI 
274814 had a chi-square value of 0.2 and those obtained 
from Boruta × Borlu a χ2 value of 2.2. No signifi cant dif-
ferences with the expected ratio of 15:1 could be found. 
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In the  test of resistance to S. sclerotiorum the F2 popula-
tion of crosses between Boregine × Bo7212 did not show 
the expected ratios. As for T. basicola, F. culmorum and 
F. oxysporum the mode of oligogenic inheritance could 
be demonstrated (Table 2). 

SUMMARY
Soil-borne fungal diseases are a limiting factor in lu-

pin production worldwide. More than 80% of all known 
diseases at plants are caused by fungal pathogens. Dis-
eases caused by fungi of the genus Fusarium are the most 
common (Thalmann et al., 2008). The main achievement 
of this work was the development of resistance tests for 
the most important and most severe pathogens such as T. 
basicola, F. culmorum, S. sclerotiorum, R. solani and F. 
oxysporum. Based on these tests, the symptoms caused 
by the pathogens could be described in detail (Kaufmann 
2008). Information about the level of resistance is one of 
the key issues in lupin breeding. In the run-up to the re-
sistance tests these pathogens, occurring as mixed infec-
tions under fi eld conditions, were identifi ed and isolated. 
By the use of the developed resistance tests, susceptible 
and tolerant genotypes were screened and identifi ed. 
They differed signifi cantly from each other regarding 
the level of resistance. Based on the results, seggregat-
ing populations were produced and the F2-descendents 
were screened again. Thereby, considerable differences 
between susceptible and resistant varieties and breeding 
lines could be found. The fi ndings helped make conclu-
sions about oligogenic inheritance. 
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ABSTRACT
Breeding of sweet lupins has facilitated the use of 

this crop species in animal feed and human nutrition. 
The terms sweet and bitter lupin referred to the 
seed alkaloid content only, not the content of the 
whole plant. However, a reduced alkaloid content is 
supposed to be related to an increased susceptibility 
to different pests. It is expected that with an increase 
of the growing area of sweet lupins and due to 
climate change different aphid species will rapidly 
adapt to the low alkaloid lupins and may become 
economically important pests. In fi eld experiments, 
a stronger aphid infestation was observed on sweet 
lupins than on neighboring lupin cultivars having a 
higher alkaloid content. Results of a growth chamber 
experiment also revealed that performance of 
Macrosiphum albifrons is better on the sweet cultivar 
compared to two alkaloid containing genotypes. 
However, the subsequent screening of the resistance 
of 20 lupin genotypes to infestation with aphids did 
not show a clear pattern of damage by aphids among 
lupins differing in the content of alkaloids. In this 
experiment it turned out that M. albifrons tends to 
produce more offspring after 7 days on bitter lupin 
genotypes. 

Since the alkaloid concentration in plant organs 
can differ and the classifi cation in sweet and bitter 
lupins is based on the alkaloid concentration of the 
seeds, further investigations for the spectrum and 
concentration of the alkaloids via GC-MS are in 
demand.

KEY WORDS
Macrosiphum albifrons, Lupinus angustifolius, resistance, 
alkaloid content

INTRODUCTION
Alkaloids serve as a chemical defence against patho-

gens and herbivores (Wink, 1988) and are possibly play-
ing an important role in resistance of lupins to aphids 
(Berlandier, 1996; Buirchell and Berlandier, 2000). As 
indicated by own fi eld observations, the reduced alkaloid 
content in sweet lupins may be related to an increased 
susceptibility to different pests, among other also aphids. 
It can be expected that in case of increasing the area 
cultivated with sweet lupins and due to climate change 
different aphid species will rapidly adapt to low alkaloid 
lupins and may become economically important pests. 

Due to their strategy to circumvent general mecha-
nism of plant defence by the stylet penetration process 
(Powell et al., 2006) followed by the uptake of water and 
assimilates from the phloem, aphids are able to cause 
strong direct damages. Furthermore, the saliva of aphids 
is sometimes toxic to plants. Indirect damages occur via 
honeydew production being the medium for the growth of 
fungi (“sooty mold”) and reducing assimilation. Besides 
this, aphids are the main vectors of plant viruses. In the 
context of climate change an increase of the temperature 
in Europe will improve the living conditions of aphids, 
e.g. an increase of 2°C in average yearly temperature will 
enable aphids to produce up to 4-5 additional generations 
per year (Yamamura and Kiritani, 1998). Apart from the 
lupin aphid Macrosiphum albifrons, originally intro-
duced from North America, there are further potentially 
dangerous aphid species living on leguminous plants: 
Acyrthosiphum pisum, Aphis fabae, Myzus persicae and 
Aphis craccivora. Two latter species have been adapted 
to lupins in Australia (Ridsdill-Smith et al., 2004).

Therefore, the current project aims at the selection of 
narrow-leaved sweet lupin genotypes having a low alka-
loid content (i.e. <500μg/g dry weight) in the seeds, but an 
higher alkaloid content in the leaves and stalk. With this 
distribution of alkaloids the plant would be able to resist 
aphid attacks while the seeds could be used in animal 
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feed and human nutrition, a basis for an environment and 
consumer friendly way of lupin production. 

MATERIAL AND METHODS

Aphid clones used for the experiments originated from 
the JKI aphid collection. M. albifrons were cultured on 
the sweet L. angustifolius cultivar Boregine in growth 
chambers (20°C, 16h light).

Twenty L. angustifolius genotypes with different 
alkaloid content were used. All seeds of lupin genotypes 
were supplied by the seed company Saatzucht Steinach 
(Germany) as well as the information about the seed 
alkaloid content.

The plants were cultivated in soil in plastic pots, one 
plant per pot (for performance test: 11×11×11 cm, for 
screening test: 11×11×21 cm). Plants were grown in the 
green house till the start of the experiments (night 17-19°C, 
day 21-30°C, 16h light, 45-80% relative humidity). 

Performance test

Eleven plants of the cultivars Boregine, Azuro and 
PSG Ostsaat Blaue, respectively, were transferred at the 
3-4 leaf stage to a growth chamber (20±1°C, 16h light, 
70±1% relative humidity). One adult female of M. albi-
frons per plant was put in the centre of a full opened leaf 
and the plant was caged with a cylindric plexiglass closed 
at the top with gauze. After 24 hours adult aphids were 
removed, the deposited larvae remained for additional 24 
hours on the plant. Then the larvae were weighted and put 
back on the plant till the second weighing after further 48, 
72 and 96 hours, respectively. Each larva was weighted 
twice. For Azuro there were data for 96 hours only.

After the second weighing a single larva was al-
lowed to remain on the plant and the other larvae were 
removed. The remaining larvae were observed daily and 
the pre-imaginal developing time (time from birth of 
larva to development into the adult female), longevity 
of the females and number of produced larvae/female 

were recorded. To prevent intra-specifi c interactions all 
newly deposited larvae were removed. All aphids were 
transferred with a fi ne hairbrush.

Screening test
The screening of all 20 lupin genotypes were started 

at the 6-8 leaf stage in a growth chamber (20±1°C, 16h 
light, 60±1% relative humidity), with 10 plants per geno-
type and replication in a randomized block design. Two 
adult aphids were put on each plant. Thereafter the plant 
was covered with the cylindric plexiglass, as described 
above. The number of adult and juvenile aphids per plant 
was counted after 7 and 14 days. The screening is going 
to be repeated three times.

Statistical calculations
Statistical analyses were conducted with the software 

“SAS” (Vers. 9.2). Larval weight was compared with the 
ANOVA and Tukey-Kramer test (PROC GLM).

Fertility life table parameters (intrinsic rate of increase 
rm, generation doubling time Dt, fi nite rate of increase λ, 
mean generation time T and net reproductive rate R0) in-
cluding their variances were analysed using the jackknife 
method (Maia et al., 2000). The number of individuals in 
the screening test was also analyzed with the ANOVA 
(PROC GLM) with the simulate option for the multiple 
comparing of means.

RESULTS AND DISCUSSION

The weight increase of larvae after 96 hours was sig-
nifi cantly different for all three genotypes and also after 
48 and 72 hours for two of the tested genotypes (Tab. 1). 
Highest larval weight increase was measured on the low 
alkaloid cv. Boregine for all time points analysed while 
the lowest was observed on cv. Azuro (96 h).

The life table parameters for M. albifrons differ 
signifi cantly for the three genotypes (Tab. 2). M. albi-
frons performed best on cv. Boregine, followed by cv. 
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PSG Ostsaat Blaue and cv. Azuro. In summary, larval 
weight increase and life table parameters showed the 
same results.

First results (only of the fi rst replicates out of 3, since 
the experiments were still in progress) of the screen-
ing experiment showed differences between the lupin 
genotypes, but only after 7 days the differences were 
signifi cant. The mean number of aphids was the highest 
on LUP 155 followed by cv. Boregine and lowest on cv. 
Vitabor (Tab. 3).

In relation to the alkaloid content, the genotypes re-
vealed no clear ranking, but in general more individuals 
of M. albifrons could be found on genotypes with high 
alkaloid content (Tab. 3). Thieme (1997) also found a bet-
ter performance of the lupin aphid on bitter lupins. 

However, after 7 days like in the performance tests 
the sweet cultivar Boregine turned out to be a better host 
in comparison to cvs Azuro and PSG Ostsaat Blaue. This 
may be due to the fact that cv. Boregine was used as a 
host plant for the lupin aphid culture of the JKI, leading 
to a better adaptation of the aphids used to this cultivar. 
Another explanation could be the fact that the classifi ca-
tion of the alkaloid content is mainly based on information 
about the concentration in the seeds. But it is known that 
there are differences in the alkaloid content between plant 
organs (Wink and Witte, 1984) and Buirchell and Ber-
landier (2000) have shown for L. luteus that it is possible 
to select genotypes resistant against aphids with a low seed 
alkaloid content. Therefore, it is important to analyse the 
concentration as well as the composition of alkaloids not 
only of the seeds but also of the stalk and leaves of the 
tested genotypes. These analyses via GC-MS and HPLC 
are in progress. Furthermore, fi eld experiments are car-
ried out to get information on genotypic differences on 
aphid development, also for different aphid species (see 
above), under natural conditions.
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ABSTRACT
The effect of long-term water defi ciency on yield 

parameters of 26 narrow-leafed lupins was measured 
under fi eld conditions in a rainout shelter. Four va-
rieties (about 20 plants per variety) and 22 selected 
breeding lines (about 10 plants per genotype) of Lu-
pinus angustifolius were cultivated under optimal 
water supply and under drought stress conditions in 
two replicates each. At the two-leaf stage plants were 
transplanted from the greenhouse to the fi eld. Up to 
14 days before fl owering all plants were provided with 
suffi cient water from drip irrigation. In the drought 
stress variant the watering was completely stopped 
until harvest (long-term drought stress). Single plants 
were harvested to determine yield parameters such as 
seed yield per plant, thousand kernel weight, number 
of pods per plant and length of growing period, sep-
arately. In general no yield losses could be observed 
under drought stress. Even, in two out of four tested 
cultivars the drought stress led to an increased yield, 
although there was a strong water defi cit in 0-30 cm 
depth and in 30-60 cm depth. The seeds of the drought 
stress variant matured earlier than those of the control 
variant.

In a second long term experiment the total yield 
of Lupinus sp. were observed during 7 growing peri-
ods. In these studies the highest yield was recorded in 
years with low total rainfall. The results indicate that 
the cultivars of Lupinus angustifolius can survive long 
drought periods. The tested varieties are well adapted 
to drought stress. Consequently they become more 
important in light of possible changing climate condi-
tions resulting in a higher drought during spring and 
summer in Germany.

KEY WORDS
Lupinus angustifolius, drought stress, yield

INTRODUCTION
Under fi eld conditions plant responses to water scar-

city can be synergistically or antagonistically modifi ed 
by other stresses (Charves et al., 2002). An interaction 
between drought stress and heat stress has to be taken 
into account. The response of Arabidopsis thaliana to 
a combination of drought and heat stress was differ-
ent from that to one kind of stress only (Rizhky et al., 
2004). Heat stress at the fl owering stage reduces the 
number of seed-containing pods of Lupinus angustifo-
lius cultivars (Downes and Gladstones, 1984). Also the 
number of seeds per plant and the seed yield per plant 
are lowest at high temperatures (Jansen et al., 2009). 
Generally it is noticed that narrow-leaf lupins react very 
sensitively to different growing temperatures. Particu-
larly, heat stress leads to very strong yield losses.

In Australia transient water defi ciency was stud-
ied during the reproductive growth of lupins by the 
application of drought stress for a few weeks (French 
and Turner, 1991) to months (Bidiscombe, 1975). Also 
shorter time periods, for instance 5-day periods at pot 
set on the main stem and fi rst-order apical branches 
were investigated (Palta and Plaut, 1999). All water de-
fi ciency treatments resulted in a reduced seed yield per 
plant. However all plants were cultivated in pots.

Due to global warming drought stress may also 
be relevant in the future, especially in spring or early 
summer, in Germany. Therefore, effective test condi-
tions for drought stress are needed to get reliable data 
on the infl uence of drought and heat stress on different 
yield parameters. The objective of this study was to de-
termine yield parameters such as seed yield, thousand 
kernel weight, number of pods and seeds per plant and 
number of days till harvest in fi eld conditions under 
different water supply. 
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MATERIAL AND METHODS
Drought stress experiments were carried out in 

a rainout shelter with sandy loam (land value 47) in 2010. 
Four varieties (Boregine, Probor, Vitabor, Haags Blaue, 
about 20 plants per variety) and 22 selected breeding 
lines (about 10 plants per genotype) of Lupinus angus-
tifolius were grown under optimal water supply and un-
der drought stress conditions in two replications, each. 
One seedling per pod was planted in 3 cm square × 5 
cm high compostable pots containing standard soil (60% 
peat and 40% clay). After reaching the two-leaf stage 
in the greenhouse the plants were planted in the rainout 
shelter. Up to developmental stage BBCH 40-50 (14 days 
before fl owering) all plants were provided with suffi cient 
water from drip irrigation. To investigate the effects of 
drought stress the watering was completely stopped un-
til harvest in the drought stress treatment while irriga-
tion was continued in the control variant. Single plants 
were harvested and yield parameters were separately 
analyzed. The harvest period was between 23 July and 
27 August 2010).

In a second long-term experiment the yield between 
different years in relation to the rainfall was recorded.  
The experiment was conducted on an experimental fi eld 
at Groß Lüsewitz in a soil comparable to that of the rainout 
shelter experiments.  In these experiments seven varie-
ties (Boregine, Borlu, Bora, Azuro, Boruta, Sonet, Vita-
bor) were tested in plots of 9.6 m² with 4 replications over 
a period of seven years (2004-2010). The weather data 
were provided by the University of Rostock, Agricultur-
al Science, Institute of Environmental Engineering.

Statistical was conducted using SAS Version 9.2 for 
windows using the procedure GLM at α = 0.05. The means 

were compared by the Tukey-test. Correlation analysis 
was assessed using Pearsoǹ s correlation coeffi cient.

RESULTS AND DISCUSSION
As expected, the experimental setting resulted in 

a detectable drought stress. A strong water defi cit was 
measured in 0-30 soil depth as well as in 30-60 cm soil 
depth (Figure 1).

However, in our experiments no yield losses regard-
ing seed yield, thousand kernel weight, and number of 
pods and seeds per plant were observed under long term 
drought stress conditions. 

As our experiments were carried out under fi eld con-
ditions the water defi ciency developed slowly. Under 
such circumstances one of the fi rst events to take place 
in plants is the stomata closure (Charves et al., 2002). 
This and the lower light use effi ciency under drought 
may induce, in the long-term, a down-regulation of the 
photosynthetic machinery to match the available carbon 
substrate (Charves et al., 2002). 

The seeds of the stress variant matured 2 to 14 days 
earlier than that of the control variant which can be re-
garded as a reaction to the drought stress.

Generally, under the induced drought stress the 
number of pods per plant, number of seeds per plant, the 
thousand kernel weight and the seed yield per plant were 
higher under drought stress compared to the control for 
all varieties and the breeding lines. 

For example, signifi cant differences were found re-
garding seed yield (g/plant) for cultivars Boregine and 
Probor (Figure 2). 
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The variety Boregine and the variety Probor are 
varieties with high yield potential, whereas the variety 
Vitabor and the variety Haags Blaue have a lower yield 
potential (Anonymous 2010). 

The observed differences between drought stressed 
and well watered plants may be due to a better coloniza-
tion with nodule forming bacteria in the stress variant. 
These facilitate an optimal supply of nitrogen resulting 
in better growing conditions. A further explanation of 
the observed growing and yield differences could be the 
very long taproot of lupins. Lupinus spp. extended their 
roots to an average of 190 cm (Hamblin and Hamblin, 
1985) which allows them to use water in deeper layers. 
Due to this, effects of drought stress in Lupinus sp. may 
only occur when the water level is under the maximum 
length of the taproot. On the other hand it is reported 
that their thick taproots and the lack of regulation of wa-
ter transport make lupins unsuitable for very wet soils 
(Bramley, 2006). May be the plants of our control vari-
ant got too much water.

Palta and Plait (1999) investigated the effect of tran-
sient water defi ciency on seed components of the nar-
row-leafed lupin cultivar Merrit. A 5-day transient water 
defi cit in pots was exposed:  fi rst at the beginning at pod 
set on the main stem and second at the beginning at pod 
set on the fi rst-order apical branches. Both 5-day tran-
sient water defi cits reduced only the seed yield of the 
branches, but did not affect the main stem. The effect on 
pod number per plant was caused by a reduction in the 
number of pods on the branches.

In accordance with our long term drought stress ex-
periment the 7-years fi eld experiment showed that the 
yield of narrow-leaf lupins can also be high in years with 
low rainfall (Figure 3). During the seven year period the 
highest yields were obtained in years 2008 and 2009 
where the total rainfall was lower compared to the other 
years (Pearsoǹ s correlation coeffi cient r = -0,815).

The results of the drought stress and long-term ex-
periment indicate that Lupinus angustifolius cvs can 
survive long drought periods. 

In light of possible changing climate conditions in 
northern Europa resulting in a higher drought stress dur-
ing spring and summer in Germany it can be concluded 
that the tested L. angustifolius varieties are well adapted 
to drought stress. Consequently, L. angustifolius varie-
ties may become more important in Germany in future. 
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INTRODUCTION
Anthracnose, caused by Colletotrichum spp., is a 

serious disease of lupin (Lupinus spp.) worldwide. This 
disease is becoming increasingly common in Lithuania 
too. In 2010, due to the severe anthracnose outbreak in 
Lithuania, a large part of lupin crops was destroyed. 

There is considerable confusion as to the identity of 
the causal agent of lupin anthracnose. C. gloeosporioides 
species was identifi ed as causal agent in Australia (Yang 
and Sweetingham, 1998; Elmer et al., 2001), while fungal 
cultures obtained from lupin plants as well as lupin seeds 
were identifi ed as C. acutatum (Talhinhas et al., 2002; 
Kulik et al., 2005). Nirenberg et al. (2002) suggested that 
Colletotrichum isolates from lupine anthracnose could be 
distinguished from both C. gloeosporioides and C. acu-
tatum and should be classifi ed as a new species C. lupine 
with two variants: C. lupini var. lupini and C. lupini var. 
setosum. In Lithuania, causal agents were referred to as 
C. lindemuthianum (Maknickienė, 2001) and C. gloeospo-
rioides (Nedzinskienė et al., 2006). Up to now, research 
in our country has been focused on search for effective 
anthracnose control measures: resistant varieties, seed 
infection control, fungicide application (Maknickienė, 
2001; Nedzinskienė et al., 2006; Semaškienė et al., 2008). 
The objective of the current study is to identify economi-

ABSTRACT
The objective of the current study was to identify 

Colletotrichum species causing lupin (L. angustifolius) 
anthracnose in Lithuania. Fresh Colletotrichum spp. 
isolates from leaves, stems and pods were analysed. 
The tentative results suggest that cultures from leaves 
on PDA in complete darkness at 20º C did not produce 
any aerial mycelium, but produced a large amount 
of rose-orange conidial masses generally in the cen-
tre of colony; growth rate (g.r.) within 10 days was 
on average 4.8 ± 1.02 mm d-1. Whereas the cultures 
from stems (g.r. 3.3 ± 0.4 mm d-1) and pods (g.r. 6.4 
± 1.52 mm d-1) under the same conditions produced 
grey fl occose aerial mycelium and only sparse aerial 
conidia. On SNA (Nirenberg 1990) in complete dark-
ness at 20º C, those cultures produced sparse aerial 
mycelium, and only on and around the fi lter paper the 
mycelium was more vigorous, greyish and produced 
single rose-orange conidial masses.
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cally important species of Colletotrichum fungi causing 
anthracnose in narrow-leafed lupin (L. angustifolius) in 
Lithuania. 

MATERIAL AND METHODS
Samples from diseased plants of narrow-leafed lupin 

were collected from the experimental fi eld of two lupin 
cultivars (Vilniai and Boruta) at the Institute of Agricul-
ture (central part of Lithuania). A total of 42 isolates of 
Colletotrichum spp. were isolated from anthracnose af-
fected lupin leaves (25 isolates), stems (7 isolates) and pods 
(10 isolates) using the methods described by Nirenberg et 
al. (2002) and EPPO Standards (2004). The cultures were 
examined with a Nikon Eclipse microscope (NIKON 
Instruments Inc., USA) at magnifi cations of 100, 200 and 
400. The colony growth rate (mm per day - mm d-1) was 
recorded from cultures grown on potato-dextrose-agar 
(PDA, Merck) plates. The cultures were incubated in dark-
ness at 20°C, and the diameter of the colony was recorded 
daily (two measurements per isolate) for 10 days. The 
colony characters recorded on the cultures were texture, 
colour, zonation, transparency aspect, nature of the grow-
ing margin, presence of conidial masses, and colour of the 
reverse side. The conidial measurements were recorded 
on the 11th day of cultures grown on PDA or SNA (Niren-
berg 1990) with strips of sterilized fi lter paper added to 
the surface in complete darkness at 20ºC. Conidia from 
aerial mycelium and conidial masses were included in the 
morphological study. Measurements of conidia were made 
in water. For each isolate, length and width of 30 conidia 
were measured and the shape recorded. 

RESULTS AND DISCUSSION
Colletotrichum isolates from stems and pods (Fig. 

1a) had similar colony morphology when grown on PDA 
in complete darkness at 20º C. They produced grey fl oc-
cose aerial mycelium and only sparse aerial conidia. 
However, the cultures from leaves did not produce any 
aerial mycelium, but produced a large amount of rose-
orange conidial masses generally in the centre of colony 
(Fig. 1b). 

Growth rate within 10 days was on average 3.3 ± 0.39 
mm d-1 of cultures isolated from stems, 6.4 ± 1.52 mm d-1 

- from pods and 4.8 ± 1.02 mm d-1 - from leaves. Cultures 
from pods of cultivar Vilniai grew faster (6.9 ± 1.26 mm 
d-1) than the other cultures, especially from stems (3.3 
± 0.39 mm d-1).

Conidia shape and size differed between isolates de-
pending on culture origin, age and media. On 11th growth 
day, conidia of cultures obtained from the pods of cultivar 
Boruta (Fig. 2a) markedly differed from those obtained 
of cultivar Vilniai (Fig. 2b). The fi rst ones had falcate 
conidia form, like C. graminicola or C. lupinicola spe-
cies (Nirenberg et al., 2002, Du et al., 2005). According 
to length the conidia were similar to those isolated from 
leaves and steams (15.7 ± 0.49), but much thinner (3.8 
± 0.49) (Fig. 2a, Table 2). Isolates from pods of cultivar 
Vilniai, were more like C. gloeosporioides, C. acutatum 
or C. lupini (Nirenberg et al., 2002, Du et al., 2005), had 
about 40% cylindrical and 60% fusiform conidia, which 
were shorter (12.3 ± 1.90) and thinner (4.5 ± 0.62) than 
isolated from leaves and steams (Fig. 2b, Table 2). Conidia 
of cultures isolated from leaves (Fig. 2c) and stems (Fig. 
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2d) were similar in shape (mostly fusiform) and size (Ta-
ble 2). Appressoria produced only cultures from pods of 
cultivar Vilniai which were mostly subglobose, measuring 
on average 10.2 ± 1.80 × 5.6 ± 0.62. Setae were observed 
in acervulus of damaged pods. After four months, co-
nidiomatal conidia, formed in the cultures grown on 
PDA (from leaves) and SNA (from pods), showed more 
similar shape and size (Fig. 3a,b) to C. lupini (Nirenberg 
et al., 2002). 

The tentative results suggest that by morphological 
character of cultures, a few Colletotrichum isolate groups 
could be distinguished; however the studies need to be 
continued on molecular assessment.  
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ABSTRACT 
The paper presents data concerning the use 

of gametophytic selection for the determination 
of lupin genotypes in terms of their tolerance to 
fungal diseases and temperature stresses. Estimated 
correlations between tolerance of lupin genotypes to 
Fusarium and biochemical characters of the plants 
(quantity of alkaloids and trypsin inhibitor activity) 
make it possible to apply these biochemical criteria 
for a more precise estimation of genotype tolerance 
to biotic stresses.

KEY WORDS
gametophytic selection, Fusarium, Colletotrichum, alka-
loid, resistance, trypsin inhibitor

INTRODUCTION 
Plant selection for resistance to biotic and abiotic 

stresses is one of the most important fi elds of agricultural 
science. Conventional methods of plant breeding towards 
resistance to different environmental factors are compli-
cated, prolonged, and not always effective. Therefore, it 
is required to develop a rapid method for the diagnostics 
of plant resistance to biotic and abiotic stresses. Gameto-
phytic selection is the selection of promising genotypes 
at the haploid stage of plant development. Therefore, this 
is the genotype selection in the gametophytic generation 
(at the pollen level) of the life cycle in higher plants 
(Mulcahy, 1979; Lyah, 1995). Pollen selection in plant 
breeding has a numbers of advantages. Possibilities of 
fast and massive-scale diagnostics of haploid genotypes 
are limited by microscopic pollen size and its availabili-
ty for visual evaluation of physiological responses. It is 
safe for the environment, since there is no need to bring 
the pathogen into the environment (as when applying 
methods of provocative environment). Conservation of 
the genotypes under study is investigated, while they are 

usually eliminated by the conventional methods of the 
tolerance evaluation. 

The method of gametophytic selection is used to 
determine plant tolerance to fungal diseases (Hodgkin, 
1990, Shivanna, 1993) and temperature stresses (Salem 
et al. 2007, Singh et al. 2008). The purpose of this paper 
was to study the responses of lupin pollen on the impact 
of biotic and abiotic stresses.

MATERIALS AND METHODS
Pollen germination (PG), pollen tube length (PTL), the 

activity of neutral and acid proteases as well as the activity 
of trypsin inhibitors were studied. Laboratory evaluation 
of pollen responses in yellow and narrow-leafed lupin 
varieties and accessions to the 28-day treatment of the 
pathogen culture fi ltrate of Colletotrichum and 14-day 
treatment of the pathogen culture fi ltrate of Fusarium 
was carried out within this study. The effect of different 
temperatures (3º, 8º, 35º, 45ºC) on pollen was also studied. 
After 24 hours the length of pollen tubes and pollen ger-
mination were measured under the microscope.

RESULTS AND DISCUSSION

Genotype selection for tolerance to temperature 
stress

An evaluation of pollen tolerance to different tempe-
rature factors shows that narrow-leaved lupin genotypes 
(Lupinus angustifolius) are more tolerant to chilling stress, 
while yellow lupin genotypes (L. luteus)  are more tolerant 
to higher temperatures. It should be emphasized that there 
are almost no differences in the level of pollen toleran-
ce variability to high and low temperatures in Lupinus 
angustifolius, while there are signifi cant differences in 
Lupinus luteus.

Pollen responses to contrasting temperature effects 
show different adaptability of the L. luteus and L. an-
gustifolius accessions, which are probably genetically 
determined.
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Genotype selection for anthracnose resistance

As for lupin genotype selection towards disease resi-
stance, there is limited information on the applicability 
of the gametophyte method for genotype diagnostics of 
resistance (Anokhina et al., 2001; 2002) and there is no 
information on the use of this method when searching for 
lupin genotypes resistant to anthracnose. Laboratory eva-
luation of pollen responses in yellow and narrow-leafed 
lupin varieties and accessions to 28-day treatment with 
the pathogen culture fi ltrate of C. gloeosporioides Penz., 
an anthracnose stimulant, was carried out in this study.

The data on the evaluation of male gametophytic 
response to the anthracnose pathogen culture fi ltrate tre-
atment in yellow lupin show different levels of resistance 
to the fi ltrate among the genotypes within certain species. 
The treatment increased the pollen character variability, 
indicating heterogeneity of the accessions under study in 
terms of their anthracnose resistance. The application of 
male gametophytic selection enables us to differentiate 
the lupine genotypes with respect to their resistance to 
certain disease sources (Bryl, 2007).

Genotype selection for Fusarium resistance

Yellow and narrow-leafed lupin accessions were eva-
luated in terms of their gametophytic and sporophytic re-
sponses to the pathogen culture fi ltrate treatment in three 
Fusarium fungal species (F. oxysporum var. orthoceras, 
F. sporotrichioides, F. javanicum). The obtained data sho-
wed different responses of the yellow and narrow-leafed 
lupine accessions to the pathogen culture fi ltrate of the 
three Fusarium species (Figs.1 and 2).

The identifi ed resistant genotypes may be recom-
mended as donors resistant to certain pathogen species 
at the selection for the Fusarium-resistant genotypes. 
Male gametophyte responses to toxic fungal treatments 
were revealed. The lupin accessions under study differed 

in their resistance levels of mature pollen grains to toxic 
metabolites of various isolates at their joint and separated 
actions.

Correlations between resistance to fungal dise-
ases and plant biochemical characteristics

The research concerning biochemical aspects of plant 
resistance to the phytopathogenic infection plays an im-
portant role in the study of phytoimmunity mechanisms. 
The infl uence of unfavorable factors generates changes 
in protein balance and enzyme activity as well as other 
changes in the course of metabolic processes. 

A comparative analysis of the two studied characteri-
stics, i.e. the length of the pollen tube under the infl uence 
of the pathogen culture fi ltrate (as an indicator of resistan-
ce to Fusarium) and alkaloid content, revealed a general 
tendency for genotypes with the highest alkaloid content 
to exhibit greater resistance to Fusarium. This means 
that a considerable effect of the pathogen culture fi ltrate 
on the pollen tube growth is found in cv. Gultsovski with 
the highest alkaloid content. Therefore, this means that 
the highest alkaloid content in cv. Gultsovski reduced the 
effect of the pathogen on pollen tube growth. In contrast, 
a low alkaloid content in cv. Vladlen, Mirtan and Metel 
promoted the expression of the inhibitory effect of the 
pathogen on pollen development. It may be suggested that 
the selection of genotypes with a low alkaloid content le-
ads to the recombination of Fusarium resistance genes.

Fusarium-resistant yellow lupin forms exhibit a higher 
activity of acid protease and trypsin inhibitors as compa-
red to susceptible accessions, facilitating their application 
as criteria for genotype evaluation in the selection of the 
best ones.

The revealed considerable relationship between the 
male gametophytic characteristics and the activity of neu-

Figure 1. Pollen tubes of Lupinus luteus (cv. Zemchug) 
on media without pathogen (control).

Figure 2. Pollen tubes of Lupinus luteus (cv. Zemchug) 
on media with pathogen (Fusarium oxysporum).
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tral protease and trypsin inhibitors means that genotype 
resistance to Fusarium in lupin forms is controlled by the 
complex protease and trypsin inhibitor activities, which 
serve as a protective mechanism in the response of the 
pathogen treatment. There are correlations between PG, 
PTL and the activity of trypsin inhibitors in lupin plants 
on the 3rd day after germination (Table 1).

Response of lupin plantlets to the pathogen consists 
in an increased alkaloid synthesis, which is confi rmed by 
the positive correlation of the pollen characteristics and 
alkaloid content in the lupin accessions under study. A 
comprehensive approach to the evaluation of the male ga-
metophytic characteristics and trypsin inhibitory activity 
should be applied in the selection of Fusarium-resistant 
lupin genotypes. 
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