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A bstract The paper presents an attempt to assess the
reaction of seeds to mechanical loads taking into account their
geometry expressed as seed thickness and 1000 seed weight. The
initial material comprised 33 genotypes of grain legume plants
and included cultivars registered in the country and breeding lines
that are subject to pre-registration trials. The analysis of variance
revealed significant diversity of the cultivars and lines of the spe-
cies studied in terms of each of the analysed trait. The highest
weight of 1000 seeds were obtained for white lupine seeds and
peas, the lowest for andean lupine seeds. The maximum deforma-
tion and energy were obtained for white lupine seeds, the lowest
for pea seeds, the maximum force and module the lowest values
were determined for narrow-leafed lupine and pea. The highest
values of protein were obtained for andean and yellow lupine, a fat
content for andean and white lupine. The fatty acid profile as much
as 70% or more were linoleic and oleic acids. Against the back-
ground of all the species are distinguished by white lupine seeds
with a high content of oleic acid and the lowest of linoleic acid,
for yellow lupine were obtained the inverse ratio of the two acids.

K ey words: grain legumes, seed thickness, static loading
of seeds, protein, fat, fatty acids

INTRODUCTION

Grain legume breeders and scientists are very active
in promoting their crops and the use of dry seeds as food,
the legume green matter as forage, as fresh vegetables, and
use in forestry. Of the numerous advantages of this group
of crops, the most important benefit ie N-fixation and high
protein content, results from a symbiosis with root bacteria
(Swiecicki ef al., 2007). Legumes contribute to reduction
of energy costs in agriculture; they are a source of protein
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in food and feed (Tavoletti ef al., 2011) and they contribute
to biodiversity in crop rotations and permanent grassland.
Some of them are useful for biomass production, land rec-
lamation, or even in forestry. Grain legumes, the subject
of the present paper, are highprotein plants. Primarily, they
are valuable and one of cheapest sources of protein. About
1.2 min t of protein per year is needed in Poland for animal
fodder, 80% of which is covered by soybean cake import
(70% in Europe). Due to the increasing protein shortage
in Poland, it is necessary to import soybean, 90% of which
is constituted by GMO seeds used for animal feeding. The
seeds of lupine and pea belong to very cheap and valuables
sources of protein. Apart from soybean (42%), the seeds of
lupine are richer in the protein content (32%) in compari-
son with faba bean (24%) and pea (23%).

In the process of plant growing, the breeder pays atten-
tion primarily to the values of the main traits connected
with the yield potential, quality of yield, and resistance to
diseases and pests (Calderon ef al., 2012). Other traits are
also important, but they are often disregarded by breed-
ers due to lack of necessary equipment or, in many cases,
experience. These traits include the mechanical properties
of seeds (Grundas, 2004). This element is underestimated
and still little known. Knowledge of the physical param-
eters of seeds has particular importance for optimization
of technologies of harvesting, drying and storage, which is
related to minimization of quantitative losses and mechani-
cal damage (Rybinski and Szot, 2009). The biological
values of seeds, characterized — among other things — by
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their germination capacity, is determined by a number of
external factors ie beginning with the time of seed ripen-
ing under field conditions and ending with the effect of
forces acting in harvester threshing assembly, seed cleaning
devices, sorting and drying equipment, as well as trans-
port and storage. The technological processes listed above
have an effect on the physical status of seeds, which leads
to diversification of their resistance to mechanical loads.
Micro- and macrodamage formed during those processes
may have a negative impact on the quality of seeds and
yield. The variability of the physical properties of seeds
depends on a great variety of external factors, as well as on
species- and cultivar-related traits often connected with the
genetic background (Szot and Rybinski, 2011). Expression
of these traits depends on different factors during growth
and development of plants in the field as well as after har-
vest. Literature reports indicate the occurrence of notable
inter-variety differences in resistance of seeds to mechani-
cal deformation, even at identical geometric parameters of
the seeds. This creates a possibility of suitable selection of
components for crossbreeding and directed breeding. The
knowledge of specific reactions of cultivars or new breeding
lines on broadly treated physical properties of seeds could
constitute a valuable source of information for a breeder.
With the aim of determining not only the above inter-spe-
cies but also intra-species differences, an attempt was made
at estimating the resistance of seeds to mechanical loads
in six species of grain legumes and different cultivars and
breeding lines within each species. Additionally, the chemi-
cal content of seeds for each form was estimated in terms of
the protein and fat content as well as the fatty acid profile.

MATERIALS AND METHODS

The initial material for the studies consisted of six
species of pulse crops cultivated in Poland. Four of them
were species of the genus Lupinus: white lupine (Lupinus
albus L.), yellow lupine (Lupinus luteus L.), narrow-
leafed lupine (Lupinus angustifolius L.) and Andean lupine
(Lupinus mutabilis Sweet); for comparison with Lupinus,
field pea (Pisum sativum L.) and grass pea (Lathyrus sati-
vus L.) were chosen. These six species were represented by
seeds of 33 genotypes obtained from the Polish Breeding
Station in Przebedowo. One of the most important centres
for lupine and field pea breeding in Poland.

Among them, two genotypes represented white lupine
(No. 1-Boros, 2-Butan), nine yellow lupine (3-Lord,
4-Mister, 5-Parys, 6-Perkoz, 7-Talar, 8-PRH 714/07, 9-R
851/03, 10-R 867/03, 11-R 1017/03), eleven narrow-leafed
lupine (12-Baron, 13-Bojar, 14-Boruta, 15-Graf, 16-Kalif,
17-Mirela, 18-Neptun, 19-Regent, 20-Zeus, 21-PRH
631/08, 22-PRG 1367/08) and three Andean lupine (23-
Traditional, 24-Determinate, 25-Epigonal). Seven forms
constituted cultivars and breeding lines of field pea (26-
Marych, 27-Medal, 28-Merlin, 29-Milwa, 30-Muza,
31-PRH 145/08, 33-PRH 178/08 and one was the Krab

W. RYBINSKI et al.

grass pea cultivar (33). Therefore, the commercial cul-
tivars were accompanied by new or older breeding lines,
currently tested to be released in the future. The seeds of
the cultivars and breeding lines were from the experimental
field in Przebgdowo in the same harvest year. Growing the
plants in the same locality and similar soil-climatic condi-
tions allowed comparison of the results obtained from the
cultivars and species.

The seeds were analyzed for their physical properties.
The first stage of determination of the geometric properties
included only seed thickness due to the more and less spher-
ical shape of seeds typical for all the analyzed forms. This
parameter was measured using an adapted dial gauge and
an electronic slide caliper with the accuracy of 0.01 mm.
To obtain detailed distribution of this property in air-dry
seed samples, 30 replications were made.

The resistance of individual seeds to static loading
was determined by means of the strength test. The results
obtained were used to determine the compressive strength of
the seeds. The results of the determination were expressed
as the value of four parameters: maximum force (N), maxi-
mum deformation (mm), the modulus of elasticity (MPa),
and energy (J) (Rusinek et al., 2012).

Harvested seeds of each genotype were used for estima-
tion of the protein and fat content as well as the composition
of fatty acids. The protein content was determined by the
Kjeldahl method and the percentage fat content by the
weight method with fat extraction in the Soxhlet appliance.
Chromatography (Hewlett Packard, Gas Chromatograph
5890) and the capillary column (30 m, RTX-225) were used
for estimation of the composition of fatty acids.

The normality of the distribution of the traits was test-
ed using Shapiro-Wilk normality test (Shapiro and Wilk,
1965). The one-way fixed model of analysis of variance
(ANOVA) was carried out to determine the effect of the
cultivars on the variability of thickness, force, deformation,
energy, and the modulus. The one-way ANOVA was carried
out to determine the effect of the species on the variabi-
lity of the traits. Estimation of the mean values, maximum
and minimum values, standard deviation and coefficient of
variation was made for the studied traits. The relationships
between all the traits were estimated on the basis of correla-
tion coefficients (Kozak et al., 2010). Graphic distribution
of the cultivars and lines described by combined traits of
seed thickness and mechanical loads was obtained with the
use of the analysis of canonical variables (Bocianowski
et al., 2012; Morrison, 1976; Rybinski ef al., 2009, 2011;
Seidler-Lozykowska and Bocianowski, 2012).

RESULTS AND DISCUSSION

The results of the analysis of variance indicated that the
main effects of the cultivars and species were significant
for all traits (Table 1). The thickness and 1000 seed weight
(TSW) variability ranged from 294 g for white lupine to
85.9 g for Andean lupine (Table 2). The TSW values for



INTERSPECIES VARIATION OF GRAIN LEGUME SEEDS 493
Table 1. Mean squares from the analysis of variance for the investigated traits of chosen cultivars and grain legume lines
Parameters
Source of variation Thickness Force max Deformation max Energy Modulus
(mm) N) (mm) J) of elasticity
(MPa)
Cultivars 3.579%** 147 094%** 2.348%%* 1.470%*%* 58 871***
Residual 0.026 36132 0.219 0.097 9336
Species 21.035%** 63 278%** 13.14%** 7.84%x* 303 831%**
Residual 0.08 39592 0.24 0.13 10 045
***p<0.001.
T able 2. Characteristics of the variation for thousand seed weight, seed thickness and parameters of static loading
Parameters and Mean Minimum Maximum Standard deviation Coe.fﬁ.c fent of
species variation (%)
Thousand seed weight (g)
Field pea 217.84 169.2 250.4 28.86 13.25
Grass pea 176.40 176.4 176.4 0 0
Andean lupine 85.99 80.01 95.9 8.64 10.05
White lupine 294.80 253.2 336.4 58.9 20.00
Narrow-leafed lupine 128.14 100.05 145.09 11.95 9.33
Yellow lupine 125.67 113.45 149.66 12.27 9.77
Seed thickness (mm)
Field pea 6.432 5.942 6.998 0.31 4.84
Grass pea 4.934 4.943 4.934 0 0
Andean lupine 3.918 3.779 4.032 0.12 3.27
White lupine 4.799 4221 5.377 0.81 17.03
Narrow-leafed lupine 4.858 4.617 5.136 0.17 3.55
Yellow lupine 4.435 4226 4.766 0.19 432
Force max. (N)
Field pea 354.5 307.4 426.9 41.8 11.8
Grass pea 299.1 299.1 299.1 0 0
Andean lupine 323.5 218.9 465.9 127.8 39.5
White lupine 180.25 165.5 194.9 20.72 11.49
Narrow-leafed lupine 624.2 406.2 919.6 128.8 20.6
Yellow lupine 517.6 413.6 796.1 109.3 21.1
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Table 2. Continuation
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E;;z;:seters and Mean Minimum Maximum Standard deviation Sggﬁfzf(jzrl(t() /S)f
Deformation max. (mm)
Field pea 0.582 0.472 0.753 0.096 16.25
Grass pea 0.606 0.606 0.606 0 0
Andean lupine 1.631 1.354 2.036 0.35 21.96
White lupine 2.464 1.842 3.086 0.88 35.7
Narrow-leafed lupine 2.155 1.856 2.678 0.25 11.65
Yellow lupine 1.637 1.37 1.799 0.14 9.03
Energy (J)
Field pea 0.104 0.068 0.166 0.03 34.22
Grass pea 0.091 0.091 0.0911 0 0
Andean lupine 0.51 0.21 0.88 0.34 66.74
White lupine 2223 1.585 2.862 0.90 40.62
Narrow-leafed lupine 0.816 0.53 1.159 0.20 24.80
Yellow lupine 0.514 0.322 0.723 0.11 21.51
Modulus of elasticity (MPa)

Field pea 490.2 404.3 614.4 83 16.9
Grass pea 473.8 473.8 473.8 0 0
Andean lupine 151.1 131.4 187.7 31.73 21
White lupine 339.6 264.2 414.9 106.6 31.4
Narrow-leafed lupine 295.7 251.3 365.7 36.9 12.5
Yellow lupine 347 319.8 369.3 24 6.9

yellow (125 g) and narrow-leafed lupine (128 g) were simi-
lar, whereas higher values were characteristic for grass pea
(176 g), and particularly field pea (217 g). The lowest value
was estimated for Andean lupine. In the study of Sawicka-
Sienkiewicz and Galek (2003), the TSW variability range
for Andean lupine mutants exhibited a higher level than
that demonstrated in the present paper and it was between
108 and 164 g; the mean value for yellow lupine was
139.7 g (Paszkiewicz, 2007) and that for grass pea 193 g
(Milczak et al., 2001). A trait that is significantly correlat-
ed with the mechanical load parameters is seed thickness
(Table 2). Among the assessed species, the field pea seeds
exhibited the highest mean thickness of 6.4 mm and a nar-
row variability range of 5.9 to 6.9 mm. The second group of
species characterised by lower thickness than that of field
pea comprised white, yellow and narrow-leafed lupine,
and grass pea, with the mean values from 4.4 mm for the

yellow lupine forms to 4.9 mm for grass pea. The lowest
values were reported for the Andean lupine species; they
ranged from 3.77 for the determinate form to 4.0 mm for
the traditional form. The highest variability of seed thick-
ness expressed by the coefficient of variation was found in
the white lupine genotypes (17.03%), whereas the cultivars
and lines of Andean, narrow-leafed, yellow lupines and pea
displayed a lower level (from 3.27 to 4.84%) (Table 2).

To meet the requirements of modern economy, crop
plant cultivars should yield plants material and a biologi-
cal product that will satisfy the demand and standards and
simultaneously reduce possible losses (Rybinski and Szot
2009; Szot and Rybinski, 2011). Therefore, knowledge of
the physical traits (Grundas, 2004) of the biological mate-
rial from various crop species is indispensable to assess
its quality (Szot et al., 2005). The values of the mechani-
cal load parameters in the seeds of the individual species
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are presented in Table 2. In terms of maximum force (N),
the highest mean value was obtained for the cultivars of
narrow-leafed lupine (624 N) with the widest minimum-
maximum measurement range from 406.2 to 919.6 N, and
for the yellow lupine cultivars (517.6 N; the range from
413 to 796 N). Lower and similar values were obtained for
field pea (354.5 N), Andean lupine (323.5 N), and grass pea
(299.1 N). Compared with these species, the white lupine
cultivars exhibit the lowest mean value of maximum force
(180.2 N). According to literature data, the mean value of
maximum force for grass pea is 299.1 N, or in other reports
279 and 257 N (Szot et al., 1998). Values that were lower
than those reported for grass pea, lupines, and field pea were
obtained for two lentil cultivars Anita (179.2 N) and Tina,
(160.1 N) (Szot and Stepniewski, 2000). In comparison,
resistance to mechanical loads in caryopses of spring bar-
ley cultivars and mutants ranged between 107 and 227 N.
The other mechanical load parameter analysed was the maxi-
mum deformation. The mean value of this parameter was
from 0.582 mm for the grass pea to 2.464 mm for the white
lupine cultivars (Table 2). A similar value to that for white
lupine was found in the narrow-leafed lupine seeds (2.155
mm). The highest coefficient of variation was calculated for
the white lupine forms (35.7%), while the lowest for the yel-
low lupine cultivars (9.03%). The maximum deformation
value for the grass pea cv. Krab was 0.606 mm. In a stu-
dy of European forms of grass pea, this value was report-
ed to reach 0.440 mm (Rybinski et al., 2008), which was
slightly lower than that presented in this paper. According
to other authors (Szot ef al., 1998), the maximum deforma-
tion values for the Krab and Derek cultivars were 0.41 and
0.35 mm, and 0.40 and 0.26 mm for the Anita and Tina
lentil cultivars (Szot and Stepniewski, 2000). Resistance
to compression measured with the amount of energy exhi-
bited high variability depending on the genotype. The mean
value of this parameter in the initial form ranged between
0.091 J for grass pea and 2.22 J for the white lupine cultivars
(Table 2). Similar values were characteristic for the mor-
phologically and genetically similar grass pea and field pea
(0.09 and 0.10 J), and in the other group — for the narrow-
leafed and yellow lupine (0.81 and 0.51 J). In terms of this
trait, the cultivars of white and Andean lupine, especially its
epigonal form, are particularly distinct. The final mechani-
cal load parameter estimated was the value of the modulus
of elasticity. The highest mean values (over 400 MPa) were
recorded for the field pea and grass pea seeds; the yellow and
white lupine cultivars were characterized by values exceed-
ing 300 MPa, and the lowest values (295 and 151 MPa)
were exhibited by the seeds of narrow-leafed and Andean
lupine (Table 2). The highest values of the coefficient of
variation were recorded for white lupine, next for field
pea, followed by the cultivars and lines of narrow-leafed,
Andean, and yellow lupine.
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Fig. 1. Distribution of species in the space of two first canoni-
cal variables for seed thickness combined with mechanical load
parameters.

Figure 1 shows the distribution of the cultivars and lines
of the tested species in the system of the first two canoni-
cal variables for seed thickness combined with the four
mechanical load parameters. Three clusters can be distin-
guished. The first one (at the top of the figure), which is
the most distinct, consists of the white lupine cultivars.
The second cluster (on the left side of the figure) is con-
stituted by the field pea cultivars, and the third is formed
by the rightmost Andean lupine, closely located cultivars
and lines of yellow and narrow-leafed lupine, and grass
pea situated further towards the field pea cultivars. In sum-
mary, it can be claimed that the greatest differences in terms
of the mechanical load parameters ware exhibited by the
white lupine and field pea seeds. The large differences in
the reaction of white lupine seeds to the impact of external
mechanical loads may be related to their different internal
structure. Analyses of the seed microstructure may eluci-
date, at least to some extent, the observed differences.

In order to estimate the relationships among the TSW,
seed thickness, and mechanical load parameters, the cor-
relation coefficients were calculated (Table 3). Statistically
significant values were obtained for most traits. Seed thick-
ness was correlated positively and significantly with the TSW
and modulus of elasticity, and significantly and negatively
correlated with the maximum deformation. Furthermore,
negative correlation between seed thickness and the maxi-
mum forced was not statistically significant. In turn, the
TSW was correlated positively and significantly with the
thickness and modulus, and negatively correlated with the
maximum force. Among the four parameters of mechanical
load, the modulus was correlated significantly and nega-
tively with the maximum deformation and energy, and the
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T a b 1e 3. Coefficients of correlation for seed thickness, thousand seed weight (TSW) and mechanical load parameters

Paramecr Tk iy Tovemsx  Defmaion  Enewy gy
(MPa)

Modulus of elasticity 0.747%** 1

Force max -0.219 -0.138 1

Deformation max -0.594%#%%* -0.646%%* 0.486%* 1

Energy -0.297 -0.389* 0.060 0.787%** 1

TSW 0.700%** 0.5971%** -0.492%* -0.273 0.257 1

#p<0.05, **p<0.01, ***p<0.001.

maximum force had a significant and positive correlation
with the maximum deformation only. Moreover, a high
significant correlation between energy and the maximum
deformation as well as a significant negative correlation
between energy and the modulus value were calculated.
The only parameter of mechanical loads that exhibited
statistically significant correlations with the other three para-
meters was the maximum deformation. This parameter was
positively correlated with the maximum force and energy,
and negatively with the modulus of elasticity.

In the present study, two species ie Andean and yellow
lupine had the highest protein content ie 41.2 and 39.3%,
respectively (Table 4). According to Sawicka-Sienkiewicz
and Galek (2003), the protein content exceeding 40% is the
most important performance trait in Andean lupine. In turn,
the high protein content in yellow lupine seeds was con-
firmed by the results obtained by Wiatr and Dolata (2007),
who reported values in the range 0f 42.5-44.6% for nine cul-
tivars and 43-45.1% for ten cultivars (Paszkiewicz, 2007).
The group with a lower protein content comprised white
(31.8%) and narrow-leafed lupine (28.0%). According
to other authors, the protein content in seeds of three
white lupine cultivars ranged from 33.4 to 36.1% (Wiatr
and Dolata, 2007), from 29.2 to 33.0% in 13 cultivars of
narrow-leafed lupine (Stawinski, 2010), and from 30.7 to
33.9% in eleven lupine cultivars. The third group was char-
acterized by the lowest protein content and comprised grass
pea (25%) and field pea (22.9%).

The highest fat content was found in the Andean lupine
seeds with the mean level of 14.8% (Table 4) and the
variability range from 14.2% in the traditional to 15.6%
in the determinate forms. The fat content in the Andean
lupine seeds was found to be 14% and even 21% in some
selected forms (Hardy ef al., 1998; Niwinska and Sawicka-
Sienkiewicz, 1999 ). The second highest content of fat was
found in white lupine with the mean value reaching 10.9%.
Three cultivars of white lupine exhibited a fat content
within the range of 10.0-12.1% (Wiatr and Dolata, 2007).
The mean fat content in the narrow-leafed lupine seeds was
6.5%; it was only slightly higher than that in the yellow

lupine seeds ie 5.7%; the variability range was 5.69-7.76%
and 4.86-8.76%, respectively. Both field pea and grass pea
seeds were characterized by a distinctly lower fat content,
compared with lupines, with a mean value of 1.57 (pea) and
1.05% (grasspea). Similar values of 1.7 and 1.3% for field
pea were reported by Hanbury et al. (2000).

Regardless of the species, oleic and linoleic acids
dominated in the fatty acid profiles (Table 4). The mean
content of both acids ranged from 30.1% for yellow lupine
to 61.65% for white lupine, and from 15.6% for white
lupine to 40.54% for narrow-leafed lupine, respectively.
Interestingly, yellow lupine is the only species whose seeds
contain more linoleic than oleic acid (30% of oleic acid and
as much as 51.9% of linoleic acid). In turn, two species
ie grass pea and narrow-leafed lupine, are characterised by
the same proportion of both oleic and linoleic fatty acids.
As reported by Caligari et al. (2000), Andean lupine seeds
are rich in unsaturated fatty acids, particularly in linolenic
acid, and the oil has a light-yellow colour and a pleasant
taste. According to Hanbury et al. (2000), the fatty acid
profile in grass pea is similar in most to that in the seeds of
other grain legumes, with the highest content of oleic acids
(58.3) and linoleic (14.1). The high content of polyunsatu-
rated fatty acids has an impact on the nutritional value of
fat. The investigations conducted by Hanbury et al. (2000)
demonstrate predominance of oleic and linoleic acids in
the fat of pea. The second group of fatty acids in terms of
their high content in fat comprises unsaturated linolenic
acid and saturated palmitic acid, from 2.8% for Andean
lupine to 12.7% for field pea and from 4.7% for yellow
lupine to 11.8% for Andean lupine, respectively. Compared
with all the species, the field pea cultivars exhibited a diffe-
rent content of linoleic acid, and the seeds of Andean and
narrowed-leafed lupine had a distinctly different content of
palmitic acid. The highest content of saturated stearic acid
was found in the seeds of Andean (5.6%) and narrow-leafed
(5.3%) lupine, and the lowest content was characteristic for
the white lupine seeds (2%). In turn, compared with all the
species, the white lupine seeds displayed a high content of
eicosenoic acid, which reached 4.65%. Trace amounts of
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T able 4. Characteristics of the variation of the seed chemical composition
Traits and species Mean Minimum Maximum Standard deviation Coe.fﬁ.cient of
(%) (%) (%) variation (%)
Protein
Field pea 22.8 20.68 26.35 2.07 9.06
Grass pea 24.96 24.96 24.96 0 0
Andean lupine 41.22 38.08 442 3.06 7.43
White lupine 31.77 30.94 32.61 1.18 3.72
Narrow-leafed lupine 28.03 23.74 32.29 3.14 11.19
Yellow lupine 39.26 32.69 45.61 3.75 9.56
Fat
Field pea 1.579 1.43 1.91 0.184 11.68
Grass pea 1.05 1.05 1.05 0 0
Andean lupine 14.81 14.12 15.56 0.721 4.86
White lupine 10.92 9.76 12.9 1.648 15.08
Narrow-leafed lupine 6.56 5.69 7.76 0.718 10.94
Yellow lupine 5.69 4.86 8.76 1.22 21.40
Palmitic acid (C )
Field pea 7.25 6.3 8.1 0.75 10.33
Grass pea 6.7 6.7 6.7 0 0
Andean lupine 11.84 11.8 11.9 0.058 0.48
White lupine 6.2 59 6.5 0.424 6.84
Narrow-leafed lupine 10.03 8.8 11.7 0.88 8.76
Yellow lupine 4.72 4 5.1 0.342 7.24
Stearic acid (C ;)
Field pea 2.98 2.3 35 0.471 15.76
Grass pea 3.4 3.4 3.4 0 0
Andean lupine 5.66 5.0 6. 0.651 11.48
White lupine 2.0 1.6 24 0.566 28.28
Narrow-leafed lupine 5.33 4.4 6.8 0.768 14.40
Yellow lupine 2.34 2.0 3.1 0.347 14.79
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Traits and species Mean (%) Minimum (%)  Maximum (%)  Standard deviation  Coefficient of variation (%)
Oleic acid (C ;)
Field pea 40.29 37.0 46.5 3.41 8.47
Grass pea 41.0 41.0 41.0 0 0
Andean lupine 44.93 434 46.3 1.46 3.24
White lupine 61.55 60.9 62.4 1.06 1.72
Narrow-leafed lupine 39.01 36.3 41.5 1.45 3.73
Yellow lupine 30.12 27.1 33.8 2.3 7.64
Linoleic acid (C ;)
Field pea 36.51 31.7 39.7 3.11 8.51
Grass pea 39.7 39.7 39.7 0 0
Andean lupine 34.47 33.2 352 1.1 32
White lupine 15.6 14.5 16.7 1.556 9.97
Narrow-leafed lupine 40.54 38.5 434 1.47 3.63
Yellow lupine 51.93 472 55.3 2.24 431
Linolenic acid (C,g,)
Field pea 12.71 11.8 13.8 0.623 49
Grass pea 9.2 9.2 9.2 0 0
Andean lupine 2.86 2.8 2.9 0.058 2.01
White lupine 8.15 8.0 8.3 0.212 2.60
Narrow-leafed lupine 4.90 3.9 5.7 0.599 12.20
Yellow lupine 8.13 6.7 9.8 1.085 13.34
Eicosenoic acid (C,, )
Field pea 0.23 0 0.9 0.39 172.64
Grass pea 0 0 0 0 *
Andean lupine 0.2 0.2 0.2 0 0
White lupine 4.65 43 5.0 0.495 10.64
Narrow-leafed lupine 0.21 0 0.4 0.2 96.73
Yellow lupine 2.02 1.8 2.3 0.156 7.73
Erucic acid (C,,, )
Field pea 0 0 0 0 *
Grass pea 0 0 0 0 *
Andean lupine 0 0 0 0 *
White lupine 1.75 1.7 1.8 0.071 4.041
Narrow-leafed lupine 0 0 0 0 *
Yellow lupine 0.722 0.5 1.0 0.164 22.728
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Fig. 2. Distribution of cultivars and lines in the space of two principal components for all analysed traits together (thousand seed weight,
seed thickness, mechanical loads and chemical composition of seeds). The meaning of the abbreviations is given in the ‘Material and

Methods’ chapter.

erucic acid were detected only in the white lupine seeds.
The highly favourable composition of the fatty acid pro-
file is evidenced by the low content of saturated (stearic
and palmitic) fatty acids, consumption of which increases
cholesterol levels. Importantly, the high content of oleic
acid ie a monounsaturated acid non-synthesized by the
human organism, is particularly noteworthy, as it reduces
blood levels of LDL cholesterol and has a protective role
in prophylaxis of atherosclerosis. Attention should also be
paid to the high content of polyunsaturated acids ie linole-
nic acid, and particularly, linoleic acid, which are regarded
as essential fatty acids (Walkowski et al., 2008).

To summarize the diversity of all the traits (TSW, seed
thickness, mechanical load parameters, and chemical com-
position) of the cultivars and breeding lines, spatial distri-
bution of the results obtained is presented in Fig. 2. Three
basic clusters of cultivars and lines can be distinguished.
The first cluster on the extreme left of the plane consists
of the white lupine cultivars (1 and 2); the second cluster,
below the white lupine cultivars, contains the field pea
cultivars (26-32) and the botanically and morphologically
similar grass pea cultivar (33). The third cluster in the cen-
tral part of the plane is formed by the cultivars and lines
of the other lupine species, with certain separateness of
Andean lupine (23-25) and significant similarity of yellow
(3-11) and narrow-leafed lupine (12-22). This indicates not
only the intra-species diversity of the cultivars and lines
tested in terms of all the traits studied, but also interspecies
differences between the lupine and pea species. The clus-
ters also demonstrate considerable separateness of white
lupine, followed by the Andean lupine species as well as

considerable similarity between yellow and narrow-leafed
lupines. These genetically based differences may contribute
to further breeding and genetic work aimed at improvement
of grain legume traits.

CONCLUSIONS

1. The mean square values obtained from the analysis of
variance demonstrate significant diversity in the seed thick-
ness and mechanical load parameters among the cultivars
and lines of the tested species.

2. The analysis of the distribution of the cultivars in the
system of the first two canonical variables of combined seed
thickness and mechanical load parameters demonstrated
the highest species separateness of the white lupine seeds.
Another separate group consisted of the field pea cultivars
and lines, and the third group was formed by grass pea and
narrowed-leafed, yellow, and Andean lupine.

3. Irrespective of the species, oleic acid and linoleic
acid were predominant in the fatty acid profile. The yel-
low lupine is noteworthy as only its seeds contained more
linoleic than oleic acid. Compared with all the species, the
field pea cultivars were distinguished by a remarkable con-
tent of linolenic acid, while the Andean and narrow-leafed
lupine seeds had considerable amounts of palmitic acid.

4. The results may be usefull for plant breeders pointing
differences of seeds in response to their mechanical loads
and be an important contributory factor to the selection
of seeds collections with improved resistance to crushing
and their use as a starting material in the breeding work on
improving legumes.
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