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The individual selection method has been employed in narrow-leaved
lupine breeding at the Lithuanian Institute of Agriculture’s Voké Branch
since 1993, when a collection from the Russian N. Vavilov crop produc-
tion institute was obtained. Using this method, two narrow-leaved varie-
ties, a narrow-leaved lupine variety ‘Derliai’ intended for green manure
and a narrow-leaved forage lupine variety ‘Vilniai’, were developed over
the period 1995-2003. During this period, not only the afore-mentioned
varieties but also six lines of narrow-leaved lupine for green manure that
passed all the stages of breeding process and were assessed according to
international standards were developed. All the six breeding lines are
characterised by a high resistance to fungal diseases, fast growth rate at
all growth stages, high seed yield (2.1-2.7 t ha™) and a short vegetative
growth period (82-102 days). The breeding lines are a valuable material
from the genetic, breeding and agronomic points of view. These lines will
be included in breeding work and the most promising lines will be trans-
ferred to the state variety testing trial.

Key words: narrow-leaved lupine for green manure, individual selection,
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INTRODUCTION

institute. Comprehensive research into this species
of lupine, conducted during the period 1993-1997,

A consistent breeding of lupine in Lithuania was star-
ted at the Dotnuva plant breeding station in 1934
[3]. In 1947, lupine breeding was transferred from
Dotnuva to the Karoliniskes station near Vilnius, and
after reorganisation of research institutions lupine
breeding was transferred from the Karolinidkés Sta-
tion to the Voké Branch in 1957 where a continuous
breeding with yellow lupine (Lupinus luteus L.) has
been carried out until now. The only narrow-leaved
lupine variety ‘Snaigiai’ for green manure (breeder
A. Subagius) was bred in 1962 using the intervarie-
tal crossing method. Narrow-leaved lupine received
a greater interest in 1993 when a collection was ob-
tained from the Russian N. Vavilov crop production

was of special importance, since a high resistance to
the new fungal disease of lupine, anthracnose (Col-
letotrichtum gloesporoides (Penz.) Penz & Sass.), was
identified in this species [2, 6, 10, 14]. Lupine
anthracnose affects all lupine species without excep-
tion, and yellow lupine is especially heavily damaged
by the disease [11, 12]. Currently, there are no yel-
low lupine varieties notable for a higher resistance
to anthracnose. Therefore yellow forage lupine can
only be replaced by a narrow-leaved forage lupine
and lupine for green manure, which are characte-
rised by exceptional characteristics such as fast growth
rate at all development stages, short growing season,
high yield.
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During the period 1995-2003, using the individu-
al selection method two narrow-leaved lupine varie-
ties were developed: ‘Derliai’ for green manure (bre-
eder Z. Maknickiené) and forage lupine variety ‘Vil-
niai’ (breeders Z. Maknickiené, J. Lazauskas, A. Su-
baeius). In this period, not only the afore-mentioned
varieties but also numerous valuable breeding lines
that had been assessed according to international
standards were developed. Using the individual se-
lection method, six narrow-leaved lupine breeding li-
nes for green manure have been developed so far.
They are a valuable material from the genetic, bre-
eding, and agronomic points of view, which will be
used in subsequent breeding work. The most valuab-
le lines will be transferred to the state variety te-
sting.

The main objective of the breeding work is to
develop high yielding, more resistant to fungal dis-
eases early varieties of narrow-leaved lupine for green
manure, adapted to Lithuania’s climatic zone.

MATERIALS AND METHODS

Lupine breeding crops are grown at LIA Voké
Branch in a six-course crop rotation, with spring ce-
reals as a preceding crop. The soil is Haplic Luvi-
sols ( LVh ) [1], moderately acid, low in humus (2.0-
2.1), nitrogen 0.096-0.117%, phosphorus 113.2-
147.3 mg kg?, potassium 126.4-153.3 mg kg™

A conventional soil preparation technology was
employed: deep autumn ploughing, two soil cultiva-
tions in spring. The herbicide gezagard (2-2.5 kg/ha)
was applied for weed control. The fungicide kemi-
kar-T (2 I/t seed) was used for seed treatment.

The chief breeding methods employed were indi-
vidual selection and intervarietal hybridization. The
lupine variety ‘Snaigiai’ was used as a control.

Lupine breeding is performed according to the
approved methodology, following this scheme: 1) col-
lection nursery, 2) hybrid nursery, 3) breeding nur-
sery, 4) control nursery, 5) initial variety trials, 6)
competitive variety trials.

During the vegetative growth period, various as-
sessment methods (UPOV, IBPGRI, NYA) are ap-
plied in all stages of breeding work for the identifi-
cation of resistance to fungal diseases at three plant
growth stages: seedling, bud formation — flowering,
and shiny pods. A 9 point scale was used: 1 — very
low resistance, diseased plants over 50%, 3 — low
resistance, diseased plants 26-50%, 5 — moderate re-
sistance, diseased plants 11-25%, 7 — high resistan-
ce, diseased plants 2.5-10%, 9 — very high resistan-
ce, diseased plants less than 2.5% [5, 15]. With this
end in view, at complete emergence the plants were
counted in A and C replications; at the stages of
seedling, bud formation — flowering, and shiny pods
the anthracnose-affected plants were counted and re-
moved from the plot. At the complete maturity sta-

ge, healthy plants were counted and their producti-
vity was estimated. The percentage of fungal-disea-
se-affected plants was identified according to the for-
mula:

P = (n/ N) - 100, where n is the number of
affected plants, N is the number of assessed plants
[9].

The morphological, genetic and agronomically im-
portant biochemical characteristics were estimated.
The data on green material and seed yield were pro-
cessed by statistical methods using the “Selekcija”
computer software package [8].

At the end of the breeding process the best se-
lected variety is transferred to the state variety te-
sting centre for final evaluation.

Lupine biological productivity and seed yield de-
pend not only on plant genetic characteristics, but
also largely on the ecological factors and meteorolo-
gical conditions during the vegetative growth period.
The weather conditions during the experimental years
2001-2003 were favourable for the growth and deve-
lopment of narrow-leaved lupine.

RESULTS AND DISCUSSION

Development of breeding lines. The success of bree-
ding work depends on the abundance and value of
the initial material. The initial material from which
narrow-leaved breeding lines for green manure 1669,
1679, 1685, 1688 and the variety ‘Derliai’ were deve-
loped through the application of individual selection
was obtained from the Russian N. Vavilov crop pro-
duction institute.

The variety ‘Derliai’ was produced from the va-
riety ‘Deter-3'. The variety ‘Deter-3’ is of a determi-
nant type, very early, low-yielding, with a low alca-
loid content and a low resistance to fungal diseases.
The variety ‘Derliai’ significantly differed in morpho-
logical and biochemical properties from the parental
variety. This variety is characterised by monopodic
branching, high seed and green material yield, high
content of alcaloids and high resistance to fungal
diseases.

The breeding line 1669 was selected from the va-
riety ‘Serebrianskij’. Three genotypes were selected
according to phenotypical traits. The blossoms of the
parental variety had a light pink colour, the seeds
were of sand-colour. The selected genotypes were
distinguished by white colour of blossoms and white
colour of seed. Both the parental variety and the
line 1669 are characterised by a high yield and re-
sistance to fungal diseases.

The breeding line 1679 was selected from the va-
riety DM-15. The selected genotypes differed in blos-
som and seed colour. The blossom colour of the col-
lection accession DM-15 is light blue and that of se-
ed sandy. The breeding line 1679 is characterised by
a dark blue colour of blossoms and a dark sand co-
lour of seed and by a high resistance to anthracnose.



Efficiency of individual selection method in developing new varieties of narrow-leaved lupin... 59

The breeding line 1682 was selected from the va-
riety F-2, which is characterised by a light blue co-
lour of blossoms and a light brown colour of seed.
According to the phenotype the selected genotypes
differed in the colour of blossoms (dark blue) and
in seed colour (dark brown with white dots). Indivi-
dual genotypes were distinguished by a high resis-
tance to fungal diseases and a short growing season.

The breeding line 1685 was selected from the va-
riety AT-4. The selected genotype is characterised by
a sympodic branching, long and narrow pods. A sig-
nificant difference is small seed, 1000 seed weight is
101 g and that of the variety AT-4 139.4 g.

The breeding line 1688 was selected from the col-
lection accession 3210. The collection number 3210
is characterised by a light blue colour of blossoms
and light brown colour of seed. The breeding line
1688 was distinguished for a dark blue colour of
blossoms and a bright brown colour of seed. A sig-
nificant advantage of this breeding number is a high
resistance to pod bursting.

The breeding line 1709 was selected from the va-
riety ‘Velikan-4’. One very productive (56 pods, 219
seeds), early, fusarium and anthracnose-resistant plant
was selected from the collection accessions.

Green material yield. With the increasing demand
for ecological agricultural produce, more attention
is paid to ecological agriculture which restricts the
use of fertilisers, pesticides and herbicides, which
makes biological methods of increasing soil produc-
tivity most promising. Currently, in the situation of
high environmental pollution, legume plants are
among those most important ones in the chain of
ecological agriculture. The use of green manure on
farms results in the accumulation of high contents
of organic matter in the soil, improved physical,
chemical and biological soil properties and increa-
sed crop productivity [4]. The effects of green ma-

nure on plants persist for 3—-4 years, sometimes even
more [7]. Narrow-leaved lupine needs fairly much
moisture for growth and development. During the
growing season lupine requires the highest contents
of moisture from sowing to complete sprouting and
from flowering to the whitening of pods; the opti-
mal amount of precipitation is 250 mm. In the wet
year of 2003, the highest green material yield was
obtained. The yield of the narrow-leaved lupine va-
riety ‘Derliai’ and of the breeding lines ranged
between 65.6-69.7, the standard yield being 71.6 t
ha. The breeding line N1685 (69.7 t ha?) lagged
behind the standard only insignificantly (Table 1).
The averaged experimental data from 2001-2003
suggest that the variety ‘Derliai’ and the breeding
lines lagged behind the standard in terms of green
material yield by 2.4-5.4 t ha?. Our experimental
findings show that the reduction in green material
yield depends on lupine genetic characteristics and
hydrothermal factors. Lupine plant height determi-
nes the yield of green material. The height of all
the breeding lines and of the variety ‘Derliai’ ran-
ged between 57.0-58.1 and that of the standard
93.0-95.0 cm. In an excess of moisture the height
of the lupine variety ‘Snaigiai’ can exceed 100 cm.
Due to these genetically inherent characteristics the
green material yield of the variety is very high.
Ploughing in green material of lupine is recom-
mended when the plants have reached the highest
productivity. Nitrogen accumulation in vegetative
mass and roots becomes more intensive from the
beginning of budding to the shiny pods stage. The
variety ‘Snaigiai’ and the tested breeding lines reach
the stage of shiny pods at different time. The breed-
ing lines and the variety ‘Derliai’ reach this stage,
depending on hydrometeorological conditions, in the
second ten-day period of July — first ten-day period
of August. It is a perfect green manure fallow for

Table 1. Green material yield of narrow-leaved lupine for green manure, 2001-2003

Variety, 2001 2002 2003 Mean Difference
breeding green difference | green | difference | green | difference | t ha® from the
line material | from the | material | from the | material | from the standard

yield standard yield standard yield standard ()

t hat (= t ha? (= t ha? (= t hat

t hat t hat t hat

‘Snaigiai’ 60.0 0.0 60.0 0.0 71.6 0.0 63.7 0.0
‘Derliai’ 56.0 -4.0 55.0 -5.0 68.2 -3.4 59.7 -4.1
1669 56.2 -3.8 58.3 -1.7 67.6 -4.0 60.7 -3.1
1679 58.7 -1.3 56.1 -3.9 65.6 -6.0 60.1 -3.7
1685 57.3 2.7 57.4 -2.6 69.7 -1.9 61.5 -2.4
1688 54.2 -5.8 53.4 —6.6 67.6 -4.0 58.4 -5.4
1682 - - 54.4 5.6 66.0 -5.6 60.2 -3.5"
1709 - - 54.1 -5.9 66.3 -5.3 60.2 -3.5"
LSD,, 0.98 0.72 1.3 0.58

*Data of two years.
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winter cereals, while the standard variety reaches this
stage 2-3weeks later.

The efficacy of lupine as green manure depends
not only on the yield of the incorporated green ma-
terial but also on its chemical composition. Our ex-
perimental evidence indicates that the content of to-
tal nitrogen in narrow-leaved lupine at shiny pods
stage is higher (3.2-3.7%) than that of yellow lupine
(2.3-2.7%). According to chemical composition indi-
cators the tested breeding lines and the variety ‘Der-
liai’ are similar to the standard.

Seed yield. Currently, when the occurrence of
lupine anthracnose is high in Lithuania, the seed yield
is one of the chief criteria for the assessment of
breeding material. The world’s lupine gene fund do-
es not comprise any varieties that are 100% resis-
tant to fungal or viral lupine diseases, and it is pos-
sible that the varieties characterised by partial resis-
tance do not lose this trait longer, and in the years
of weak epiphytoty of the disease such varieties ei-
ther do not catch the disease at all or are only slightly

Table 2. Anthracnose-affected narrow-leaved lupine for
green manure (%), 2001-2003

Variety, % of affected plant
breeding

line 2001 2002 2003
‘Snaigiai’ 100 41.0 9.6
‘Derliai’ 2.1 3.4 1.0
1669 2.0 7.2 0.9
1679 2.0 3.1 11
1685 2.2 3.3 1.2
1688 2.4 3.9 1.0
1682 - 2.0* 0.8*
1709 - 5.2* 1.2*

*Data of two years.

affected [13]. Depending on the growth stage at
which the disease appears, lupine anthracnose can
destroy all seed yield. The later the plants are affec-
ted, the higher the chances to secure at least a small
seed yield. The weather conditions during the expe-
rimental years were diverse, therefore the spread of
fungal diseases of lupine was also different. The hig-
hest severity of anthracnose was recorded in 2001.
The weather conditions in July 2001 were conducive
to the occurrence of anthracnose. The mean air tem-
perature in July was 19.7-21.0 °C, i.e. 3.5-4.4 °C
higher than the average, the weather was rainy with
frequent downpours and squalls. Anthracnose occur-
red in lupine stands at the beginning of the third
ten-day period of July. At the time of anthracnose
spread all breeding lines had reached the stage of
wax maturity, therefore this fungal disease did not
have any marked effect on seed yield (affected plants
made up 2.0-2.4%, Table 2), seed yield (1.9-
2.6 t ha') (Table 3). The variety ‘Derliai’ and N1669
were distinguished by a high seed yield (2.5-
2.6 t ha?!). In the control treatment anthracnose oc-
curred at lupine milk maturity stage. At wax matu-
rity stage all the plants in the control treatment we-
re affected by anthracnose and the seed yield amoun-
ted to 0.25 t ha™. The tested breeding lines matured
at the end of the third ten-day period of July, and
the standard matured on August 18.

In 2002 and 2003 the weather conditions were mo-
re favourable for lupine, and fungal diseases did not
do much harm to narrow-leaved lupine. In the year
2002, the first symptoms of anthracnose were recor-
ded at the end of the third ten-day period of June.
Cool weather at the end of June — beginning of July
inhibited the spread of fungal diseases. The breeding
lines reached wax maturity at the beginning of the
second ten-day period of July. At the end of maturi-
ty, anthracnose-affected plants in the breeding lines

Table 3. Seed yield of narrow-leaved lupine for green manure, 2001-2003

Variety, 2001 2002 2003 Mean Difference
breeding green difference | green | difference | green | difference | t ha® from the
line material | from the | material | from the | material | from the standard

yield standard yield standard yield standard (+-)

t hat (+-) t ha? (+-) t ha? (+-) t hat

t hat t hat t hat

‘Snaigiai’ 0.25 0.0 0.8 0.0 1.1 0.0 0.8 0.0
‘Derliai’ 25 +2.25 2.3 +1.50 2.6 +1.50 2.5 +1.70
1669 2.6 +2.35 2.2 +1.40 2.3 +1.20 2.4 +1.60
1679 2.2 +1.95 2.4 +1.60 2.4 +1.30 2.3 +1.50
1685 1.9 +1.65 2.5 +1.70 2.4 +1.30 2.3 +1.50
1688 2.3 +2.05 2.6 +1.80 2.5 +1.40 25 +1.70
1682 - - 2.7 +1.90 2.7 +1.60 2.7 +1.90
1709 - - 2.2 +1.40 2.1 +1.00 21 +1.30*
LSD,, 0.24 0.18 0.14 0.11

*Data of two years.
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amounted to 2.0-7.2% and in the standard to 61%.
Most severely affected was N1669 (7.2%). The bree-
ding lines matured on July 15-25, N1679 was the
earliest to mature on July 15; the standard matured
on August 9. In terms of seed vyield, the breeding
lines and the variety ‘Derliai’ exceeded the standard
variety (0.8 t ha™) by 275-337%. N1682 was found to
be the most productive (2.7 t ha?).

In 2003, narrow-leaved lupine was least affected
by anthracnose. The dry and cold June suppressed
the spread of the pathogen. In narrow-leaved lupine
the first sporadic anthracnose lesions were recorded
at the beginning of the third ten-day period of July
when the breeding lines were at wax maturity stage
and the standard was at the end of milk maturity
stage. The breeding lines matured on August 7-12,
the standard on August 19. At the end of maturity,
anthracnose-affected plants in the breeding lines
amounted to 0.8-1.2%, in the standard 9.6%. In 2003
the highest yield (1.1 t ha?') of the standard was
obtained. The yield of the breeding lines (2.1-2.7 t
ha?) exceeded the standard by 191-245%.

The averaged data from 2001-2003 suggest that
all the breeding lines exhibited a rapid growth rate in
all developmental stages, which determined a high re-
sistance of the breeding lines to anthracnose and a
high seed yield (2.1-2.7 t ha? versus the standard 0.8
tha?). Due to the short growing season (82-102 days)
this lupine species can be successfully grown all over
the country without any additional cultivation means.

In 2002, the narrow-leaved green manure lupine
variety ‘Derliai’ was included into the National Plant
Variety List.

CONCLUSIONS

1. Since the resumption of narrow-leaved lupine
breeding at the LIA’s Voke Branch, six breeding lines
and the variety ‘Derliai’ were developed using the
individual selection method during the period 1995-
2003. In 2002 the variety ‘Derliai’ was included in
the National Plant Variety List.

2. Averaged experimental data suggest that in
terms of green material yield the new breeding lines
lag behind the standard variety ‘Snaigiai’ by 2.4-
5.4 t ha. According to the chemical composition
indicators, the breeding lines and the variety ‘Der-
liai’ as green material are similar to the standard.

3. All of the narrow-leaved lupine lines are cha-
racterised by a rapid growth rate in all development
stages, high anthracnose resistance (affected plants
0.8-9.6%, versus 9.6-100% in the standard), high se-
ed yield (2.1-2.7 t ha* versus 0,8 t ha! in the stan-
dard), short growing season (82-102 days) (of the
standard 100-114 days).

4. It is a valuable material both from the genetic
and agronomic points of view. It was developed by
an individual selection method and will be used for

further breeding work. The most promising lines will
be transferred to the official trials.
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INDIVIDINES ATRANKOS METODO EFEKTYVUMAS
KURIANT NAUJAS SIAURALAPIZ SIDERACINIZ
LUBING VEISLES

Santrauka

Individinés atrankos metodas siauralapig lubing selekcijoje
Lietuvos pemdirbystés instituto Vokés filiale pradétas taikyti
nuo 1993 m. ésigijus kolekcija id Rusijos N. Vavilovo auga-
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lininkystés instituto. Biuo metodu 1995-2003 m. sukurtos dvi
siauralapig lubing veislés: tai siauralapig sideracinig lubing
veislé ‘Derliai’ ir siauralapig padarinig lubing veislé ‘Vilniai’.
1995-2003 m. sukurtos ne tik minétos veislés, bet ir 6 siau-
ralapig sideracinig lubing selekcinés linijos, kurios praéjo vi-
sus selekcinio proceso etapus ir yra avertintos pagal tarptau-
tinius reikalavimus. Visos 6 selekcinés linijos pasipymi dide-
liu atsparumu grybinéms ligoms, spareiu augimo tempu vi-
suose augimo tarpsniuose, dideliu séklg derliumi (2,1-2,7 t
ha™), trumpu vegetacijos periodu (82-102 dienos). Tai ver-
tinga genetiniu-selekciniu, Gkiniu popilriu medpiaga, kuri
bus naudojama tolimesniame selekciniame darbe, o vertin-
giausios linijos bus perduotos 4 valstybinius veislig tyrimus.

Raktapodpiai: siauralapiai sideraciniai lubinai, individiné
atranka, veislé, atsparumas grybinéms ligoms
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