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ABSTRACT

The breeding value of white lupin specimens was studied and the effect of the environment and genotype on some
characteristics has been demonstrated. The role of the genotype was found the strongest for the nodulating ability of
the plants. The genetic variance was within the range of 0.001 (the specific nodulating ability) to 29.16 (the number of
leaves per plant), and the phenotypic variance of 0.001 (the specific nodulating ability) to 43.15 (number of leaves per
plant). High genetic advance in combination with high inheritability was obtained for the number of leaves per plant
(3.56, 67.58%), stem fresh weight (2.81, 68.24%) and aboveground fresh weight (1.25, 88.05%). High inheritability with
low genetic advance was established for the specific nodulating ability (80.81%, 0.09) and the stem dry weight (62.60%,
0.31), indicating the involvement of no-additive gene action. The aboveground fresh weight is positively correlated with:
the leaf fresh weight (r = 0.897), the leaf dry weight (r = 0.881), the plant height (r = 0.587) and the dry weight of the roots
(r=0.569). The established genetic diversity in the studied varieties allows for a targeted selection of parental forms and
their inclusion in crosses on the different breeding directions.
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ABCTPAKT

MpoyyeHa e ceneKkUMOHHATa LLEHHOCT Ha 06pa3um 6s1a AynuHa M AoKasaHO BJIMSAHMETO Ha cpejaTa M reHoTuna
BbPXY MposiBaTa Ha U3cneaBaHUTe npusHaum. Ponsta Ha reHoTMNa e Hali-CU/Ha 3a rpyaKoobpasyBaLLaTa Cnocob6HOCT
Ha pacTeHusaTa. [eHeTUYHMAT BapmaHc e B rpaHnumuTe oT 0.001 (cneumduyHaTa rpyako ob6pasysalla cnoco6HOCT) 40
29.16 (6poit icTa Ha pacTeHue), a peHoTUNHUAT BapuaHc ot 0.001 (cneunduynaTa rpyakoobpasysalla cCrocobHOCT) 40
43.15 (bpoit mMcTa Ha pacTeHme). 3a 6poi ncTa Ha pacTeHue (3.56; 67.58%), Terno Ha ceexkuTe cTb61a (2.81; 68.24%)
1 Terso Ha ceexkaTa 6uomaca (1.25; 88.05%) e nosiy4eH BUCOK reHETUYEH HaMpeabK CbYeTaH C BUCOKA Hac/1eAseMoCT.
Buicoka HacieaseMocCT € HUCHK FeHeTMYEH HanpeabK € yCTaHOBeHa 3a cneumduyHaTa rpyakoobpasysalla cnocobHoCT
(80.81%; 0.09) 1 TernoTo Ha cyxuTe cTbbna (62.60%; 0.31), KOETO € yKasaHWe 3a y4acTMEeTO Ha HeaAUTUBHU FreHHU
nencTeus. TerioTo Ha cBeXKaTa HaJ3eMHa 61MoMaca e B CUJTHA MOJIOXKUTE/IHA KopeiaLms CbC: CBEXXOTO TEN/10 Ha /IcTaTa
(r=0.897), cyxoto Terno Ha auctata (r = 0.881), BucoumHaTa Ha pacteHueTo (r=0.587) 1 cyxoTo Terfio Ha KopeHuTe
(r=0.569). YcTaHOBEHOTO reHeTUYHO pasHoobpasme Mnpu U3cseaBaHUTE COPTOBE [aBa Bb3MOMHOCT 3a Lie/1IeHaco4eH
oT60p Ha PpOoAUTENCKM GOPMM U BKJIKOUBAHETO MM B KPbCTOCKM MO Pa3/IMUYHUTE CEJIEKLIMOHHM HanpaB/ieHUs.

KnrouoBu gymu: 6s1a nynunHa, reHeTUYHO pasHoo6pasue, CeNekLms, COpToee
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INTRODUCTION

White lupin (Lupinus albus L., Fabaceae) is one of the
four economically important species of the Lupinus genus,
which consists of over 300 annual species (Hondelmann,
1984).

White lupin (2n=50) is widely known, commercially
important, large seeded annual lupin species in the
world. It is a promising annual legume crop for human
consumption, green manuring and forage (Johnson et al.,
2006).

The study of the biological capabilities of the
genotype, which have always been of great interest to
breeders, acquire particular relevance to the shortage
of natural resources. In changing the paradigms of
agriculture production, the transition from intensive
chemical technologies to environmentally-friendly, fully-
renewable environmental resources and the biological
potential of plants are increasing the requirements for the
examination of genotypic, ecotypic and biotipic diversity
of breeding material for the production of adaptive
and highly productive varieties (Vishnyakova, 2008;
Gudoshnikova et al., 2012).

The production of forages with high protein content
has always been one of the most important tasks of
agriculture. The leguminous crops, including white lupin,
are one of the sources that make it possible to reduce
the protein deficiency. According to the protein content
in the seeds and the green mass, lupin significantly
exceeds peas, vetches, beans and practically not inferior
to soybeans. Lupin is not demanding for soil fertility and
is capable of giving good yields on the soils with different
mechanical composition, including poor sand soils. As
an active nitrogen fixator it plays an important role in
supplementing the stock of organic matter and nitrogen
in the soil (Fedorova, 2001).

The advantages of lupin also refer to those that it
possesses a complex of economic valuable signs and
properties such as protein content and essential amino

acids, surpasses peas, vetch and beans.

This crop is widely used as a green manure whose
effect improves soil structure and enriches it with
nitrogen more than other legumes (Lukashewich and
Sviridenko, 2012).

Much attention is paid to the study of initial
material, both in the creation of new varieties and in
the improvement of existing ones. Different types of
statistical analysis could be used to identify the best
donors for new varieties (Kurkina and Tkachenko, 2003.
In the breeding work, studying the relationships between
the signs plays an important role, as they can define the
direction of breeding when new varieties are created.
The most interesting are the quantitative signs whose
relationship can be genetically determined or result of
physiological dependences (Skuridin and Koval, 2002;
Zaharova et al., 2014; Vitko and Vanaga, 2015).

The purpose of the study is to assess the genetic
diversity in a collection of white lupines and to identify
suitable parents for the needs of combinatorial breeding.

MATERIALS AND METHODS

The study was conducted in 2014-2016 in the
experimental field of the Institute of Forage Crops, Pleven,
Bulgaria (43.41° N, 24.61° E), situated in the central
part of the Danube hilly plain. Sowing was carried out
manually in optimal time, according to the technology of
cultivation of white lupin. Plant material of aboveground
of the next seven white lupin varieties, i.e, Pl457923
(Greece), PI368911 (Czech Republic), PI533704 (Spain),
P1457938 (Morocco), KALI (Poland), Zuter (France) and
Lucky801 (France) was analyzed.

The following characteristics have been assessed in
the beginning of flowering stage: nodule number, nodule
weight per plant (g), specific nodulating ability (SNA), root
length (cm), root mass fresh weight (g), root dry mass
weight (g); leaf number per plant, leaf fresh weight per
plant (g), leaf dry weight per plant (g), stem fresh weight
per plant (g), stem dry weight per plant (g), plant height
(cm), aboveground mass fresh weight per plant (g) and
aboveground mass dry weight per plant (g). Biometric
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measurements were made to 10 plants of each variety.

The following statistical methods were used to process
the experimental data: factor analysis by the method of
principal components, hierarchical cluster analysis by the
method of Ward (1963) for grouping genotypes based
on similarity as a measure of differences (the genetic
distance), the Euclidean distance between them was
calculated (as a measure for divergence) as the data were
standardized preliminary. GGE biplot model was done,
which uses singular value decomposition of first two
principal components (Yan, 2002). Genetic advance (GA)
in absolute unit and genetic gain (GG), assuming selection
of the superior 5% of the genotypes, were estimated in
accordance with the methods illustrated by Johnson et al.
(1955). All experimental data were processed statistically
with using the computer software GENES 2009.7.0 (Cruz,
2009) and Excel for Windows XP.

RESULTS

In agro meteorological terms the conditions in the
period of 2014-2016 are typical for the region of central
northern Bulgaria. The main climatic parameters amount
of rainfall and temperature during the period of the study
can be characterized by a strong fluctuation and uneven
distribution over the phenological phases of the plant
development. The study period covers three consecutive

Table 1. Climatic characterization of the experimental period

years differing in climatic terms. Table 1 presents the
data on average monthly temperatures and the amount
of precipitated rainfall by months during vegetation.
The vegetation 2014 is the most favorable with average
monthly air temperatures for April 12.3 °C, May 16.7
°C and June 20.6 °C, and rainfall 139.8 mm, 83.0 mm
and 54.3 mm, respectively. As a result of the balanced
combination of air temperature and optimum rainfall it has
been favorable for plant development. The second year
(2015) has relatively higher temperatures in May of 18.8
°C and uneven precipitation distribution, characterized by
a certain drought in April (43.6 mm) and May (30.6 mm),
and a larger quantity in June (95.7 mm). The third year
(2016) occupies an intermediate position over the other
two years with temperatures in the months of April and
May, close to normal (15.3-16.4 °C) and rainfall between
73.1and 76.5 mm.

The specificity of the meteorological conditions has
enabled the assessment of the biological qualities of the
white lupin specimens as well as the appearance of their
potential. Based on the average values for the period,

their level of variation is established.

The study of the
quantitative signs enables more breeding material for

regularities of variability of

crossing to be considered objectively, taking into account
the impact of their modification variability.

2014 2015 2016
Months t rainfall humidity t rainfall humidity t rainfall humidity
°C mm % °C mm % °C mm %

| 0.8 41.8 82.0 1.9 12.4 80.0 -0.5 98.0 78.0
1] 2.3 34 82.0 2.3 39.2 80.0 8.7 46.0 75.0
1 9.7 76.9 68.0 6.7 68.4 71.0 8.5 76.6 73.0
\% 12.3 139.8 76.0 12.2 43.6 54.0 15.3 73.1 66.0
\% 16.7 83.0 70.0 18.8 30.6 66.0 16.4 76.5 71.0
\ 20.6 54.3 67.0 20.7 95.7 64.0 23.0 45.8 67.0
Vil 23.1 71.8 67.0 25.8 215 54.0 24.6 7.8 57.0
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Analysis of variance

Analysis of variance showed significant effect of the
environment on the signs studied. They are also the factor
with the highest part on the variability of the indicators,
i.e. defining for the crop were the meteorological
conditions. An exception is nodulating ability, where the
part of genotype is almost twice as large as that of the
environment (Table 2). Although significantly lower, but
the effect of the genotype in the total variation of the
signs has been demonstrated. These facts allowed the
accuracy of the differences between the arithmetical
mean of the varieties sampled to be calculated. On the
individual analysed signs, genotypes are distributed in a
different number of groups, statistically credible differing
among themselves.

Genetic variability

As the primary criterion for the variability of
quantitative signs, the average value and the coefficient
of variation are used. The coefficient of variation allows
to obtain information on the characteristics of the
reaction rate of the different plant species and their signs,
while ensuring the comparability of the results obtained
(Chakraborty and Chakraborty, 2010).

Values of phenotypic (CVp) and genotypic coefficients
of variation (CVg) as well as phenotypic (Vp) and genotypic
variance (Vg) are given in Table 3.

For the indications relating to aboveground mass, the
slightest variation in the sample of the varieties studied
was observed with regard to the leaf dry weight (CVp-
17.48%, CVg-4.37%) with an estimated lowest phenotypic
and genotype variation coefficient. Significant variability
was recorded on the other signs especially plant height
(CVp-48.68%, CVg-42.84%), the stem dry weight (CVp-
34.78%, CVg- 22.61%), aboveground fresh and dry weight
(CVp-33.66%, CVg-42.07%; CVp- 32.62%, CVg-51.22%).

The small difference in the values of CVp and CVg by
the plant height suggests that the variation observed is
due to genetic factors.

The variability in the signs related to the root system
(Table 3) is in smaller limits. It is the most significant with
respect to the root fresh weight (CVp-25.37%, CVg-
7.61%) and the specific nodulating ability (CVp-24.89%,
CVg-8.71%). Less variation is recorded by the indicator
nodule weight per plant (CVp-15.24%, CVg-12.50%).

Low values of genotype variation coefficient for leaf
dry weight, root fresh weight and specific nodulating
ability suggest some difficulty in the manipulation of
these signs in the breeding process. In general, the values
of CVp are higher than the values CVg as an exception is
the aboveground fresh and dry weights. This shows the
stronger effect of the environmental in the manifestation
of most signs.

The values of genotypic variance (Vg) range from
0.001 for the specific nodulating ability to 29.16 for the
leaf number, while the values of phenotypic variance (Vp)
range from 0.001 for the specific nodulating ability up to
43.15 for the leaf number per plant.

The value of the genetic variance of almost all signs
is less than the value of the phenotypic variance. The
exception was the nodule weight and specific nodulating
ability in which the genetic and phenotypic variance
is leveled, indicating the significant magnitude of their
genetic variability.

Higher environmental variance (Ve) for the leaf number
(79.59), plant height (47.23), aboveground fresh weight
(44.16) and number of nodules per plant (25.14) indicate
that they are strongly influenced by the environment
in which the plants grow, whereas in other signs this

influence is weaker.

The genetic parameters discussed in this study are the
functions of changes in environmental conditions so that
varieties placed in another environment can be assessed
in different ways.

Heritability and genetic advance

The obtaining of information on the nature of the
inheritability of the main elements of productivity is
important for the effective use of breeding material
(Ashiev, 2014).
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Table 2. Analysis of variation for quantitative traits in white lupin

MS
Source df
NN NW SNA RL RFW RDW LN
Env 2 607.22** 0.48** 0.03* 364.33** 133.66** 19.59** 13.97**
REP*Y 12 42.05m 0.02 0.01n 7.87* 1.75m 0.18 14.49 s
Var. 6 317.54** 0.20** 0.06** 22.26** 7.18** 0.77** 647.29**
Var* Years 12 159.72** 0.10** 0.01n 25.75** 11.59** 0.66** 209.82**
Error 72 25.13 0.02 0.01 3.91 1.89 0.20 79.58
TotalC 104
Source df LFW LDW SFW SDW PH AFW ADW
Env 2 1.08** 26.79** 674.74** 986.62** 16.20** 6.92** 1.32**
REP*Y 12 452 0.14 16.25 5.15"s 34.02 32.00 " 420
Var. 6 51.90** 2.28** 153.73** 26.08** 302.63** 110.38* 20.06**
Var.*Y 12 35.57 ** 0.93** 48.83* 9.75 s 275.04** 184.55** 9.37 "
Error 72 9.95 0.34 20.70 5.45 47.23 44.16 6.34
TotalC 104

NN, nodule number; NW, nodule weight; SNS, specific nodulating ability; RL, root length; RFW, root fresh weight; RDW, root dry weight; LN, leaf
number; LFW, leaf fresh weight; LDW, leaf dry weight; SFW, stem fresh weight; SDW, stem dry weight; PH, plant height; AFW, aboveground fresh

weight; ADW, aboveground dry weight
*/** significant at the 0.05/0.01 level; ns = not significant

In this study, the signs of a specific nodulating
ability (H? - 80.81%) and aboveground fresh weight (H?
- 88.05%) show a relatively higher values of coefficient
of inheritance in broad sense (Table 3) followed by stem
fresh weight (H2-68.24%), leaf number (H?-67.58%) and
stem dry weight (H?-62.60%).

From medium to high is the inheritance of leaf dry
weight, aboveground dry weight, number and weight
of nodules per plant. This implies most likely that
inheritability of these signs are due to the additive gene
effects and when crossing appropriate parent pairs the
selection of these parameters can be effective in early
generations.

The coefficient of heritability used alone does not
give an indication of the degree of genetic improvement
that would be obtained as a result of the selection
of individual genotype. Therefore, the knowledge of
heritability, combined with genetic advance is more

useful and informative.

Genetic advance (GA) in the selection refers to the
improvement of the signs in the future new population
compared to initial. High genetic advance (GA) coupled
with high heritability was obtained for the leaf number
(3.56), stem fresh weight (2.81) and aboveground fresh
weight (1.25), suggesting their additive type of inheritance
and that they are less dependent on the environment.
Therefore, these signs can be enhanced by selection and
thus the executed genotypic variability can be retained
next generation.

Based on the moderate level of inheritance and
high genetic advance (GA) indicated by other signs, in
particular the nodule number, it can be concluded that
the determinants of the phenotypic effect of this attribute
are mainly of additive type and breeding can be effective

in improving it.
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Table 3. Genetic component of variation and heritability for quantitative traits in white lupin

H2mean

Min Max  Mean SD Vg Vge V. Vp CVg(%) CVp(%) GA GG (%)
NN 1.9 15.9 7.74 4.6 10.5 26.9 25.1 21.2 16.7 20.2 2.9 178.4 49.7
NW 0.1 0.4 0.3 0.1 0.0 0.0 0.0 0.0 12.5 15.2 0.2 166.3 50.1
SNA 0.1 0.2 0.2 0.0 0.0 0.01 0.0 0.0 8.7 24.9 0.1 145.6 80.8
RL 8.1 12.1 10.1 1.2 0.1 4.4 3.9 1.7 10.6 20.8 0.2 49.1 44.1
RFW 1.6 3.6 3.1 0.7 0.5 1.9 1.9 0.8 7.6 254 0.4 102.8 21.6
RDW 0.4 1.0 0.7 0.2 0.0 0.1 0.2 0.0 - - 0.1 114.0 14.8
LN 25.9 445 34.5 6.5 29.2 26.0 79.6 43.1 20.4 30.1 3.6 54.1 67.6
LFW 6.7 12.0 8.1 1.9 11 5.1 9.9 3.5 17.3 27.8 0.4 72.0 31.5
LDW 0.8 2.1 1.5 0.4 0.1 0.1 0.34 0.1 4.4 17.5 0.0 51.8 59.2
SFW 7.6 17.8 11.3 3.2 6.7 5.6 20.7 10.2 20.1 31.4 2.8 99.4 68.2
SDW 4.4 8.2 6.3 1.3 1.1 0.9 5.5 1.7 22.6 34.8 0.3 89.9 62.6
PH 51.2 65.1 57.4 4.5 1.8 45.6 47.2 20.2 42.8 48.7 7.4 71.9 9.1
AFW 151 23.2 18.1 2.7 0.0 28.1 44.2 12.3 51.2 32.6 1.2 71.5 88.0
ADW 58 9.0 7.7 11 0.7 0.6 6.3 1.3 421 33.7 0.3 63.9 53.3

Legens as Table 2; Vg - genotypic variance; Vge - genotype x environment interaction variance; V, - environmental variance; Vp - phenotypic
variance; CVg(%) - genotypic coefficient of variation; CVp(%) - phenotypic coefficient of variation; GA - genetic advance; GG - genetic gain;

H2(%) - broad-sense heritability on entry-mean basis

High heritability, combined with low genetic advance
is established for the specific nodulating ability and stem
dry weight, which is an indication of the involvement
of no-additive gene actions (dominance and epitasis).
And also, that high value of the heritability is the result
more of the favorable influence of the environmental as
compared to the genotype. Therefore, despite the high
heritability of these signs, attempts to improve them
through selection may not be effective in this population.

Cluster analysis

In recombinatorial breeding of plants, the knowledge
of the genetic proximity or remoteness of the genotypes

used as source material is of great interest.

Transgressive disintegrations can be expected to be
more likely if genetically distant genotypes are crossed.
Then expect the combination of different valuable genes

from both parent in the generation.

PIZES91L 2

PI457938 4 —]

KALI 13

ucer & _I
PIS33704 3

Luckyg0l ?

PI457923 1

Figure 1. Dendrogram of white lupin varieties

Based on the data for the investigated signs, a
cluster analysis was performed, according to which the
samples are divided into two main clusters. From the
dendrogram in Figure 1 it is evident that the first cluster
is represented by only one variety PI457923. The second
cluster is covered by the other varieties formed in two
sub-clusters. The first group within the same cluster is the
most numerous and included Lucky801, PI533704, KALI
and Zuter, the last two varieties being the most closely
related.
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The second group of the same cluster is smaller and
is represented by PI368911 and PI1457938, which are
genetically furthest from the PI457923.

Analysis of main components

The main component method is a mathematical
procedure in which a baseline set of probability-
correlated variables is transformed into a lower number
of unrelated variables, called main components. The
PCA mathematical is defined as an orthogonal linear
transformation that converts the output factor space
into a new coordinate system so that the greatest
variation for any data projection is contained in the first
coordinate, called the first main component. The amount
of information not described by the first main component

is contained in the second and so on.

The reduction in size (number of characteristics)
of the main components method is a projection of the
space of the signs in the K-dimensional factor space.
This transformation is a convenient way of graphic
representation and interpretation of the multifactorial
data set.

A more detailed analysis of the biological capabilities
of the samples examined gives the principal component
analysis. Four own values (eigenvalues) are found to be
larger than 1, which determines the choice of four factors
responsible for the observed fluctuation. These factors
determine about 89.27% of total variability. The first
factor explains 42.16%, the second 20.73%, the third
19.21% and 7.17%.

Table 4 presents data on the values of the signs by
main components. The first main component is related
to leaf dry weight and aboveground dry weight, the leaf
number and leaf fresh weight, as well as the root length.
With most of the signs influencing the first major the
second is in a negative or weak positive relationship. To a
greater extent the second main component is influenced
by the nodule number, the leaf number, the root fresh
weight, the plant height the nodule weight.

Only three of the investigated signs - stem fresh
weight, stem dry weight and plant height positively affect
the third main component. The fourth main component
is mainly related to the root length and the aboveground
dry weight. The nodule number, the leaf and stem dry
weights are less positively influenced.

In Figure 2 data on the sample values of the first
three main components are displayed. The varieties of
P1457923, Zuter and Lucky801 have positive values in all
three components and the other varieties have positive
values on the first and second main components. The
varieties of PI457923 and P1533704 are influenced more
strongly by the first main component.

Table 4. The Eigen values and vectors of the correlation ma-
trix for 14 traits of white lupin genotypes

Variables PC1 PC2 PC3 PC4
NN -0.139 0.505 -0.035 0.300
NW -0.272 0.092 -0.413 -0.089
SNA -0.226 -0.229 -0.364 -0.315
RL 0.146 -0.383 -0.209 0.573
RFW -0.093 0.280 -0.366 0.004
RDW -0.378 -0.111 -0.175 0.026
LN 0.195 0.435 -0.255 -0.162
LFW 0.115 -0.446 -0.263 -0.072
LDW 0.226 0.138 -0.394 0.274
SFW -0.336 -0.086 0.051 -0.383
SDW -0.394 -0.075 0.005 0.235
PH -0.361 0.154 0.119 0.039
AFW 0.211 -0.008 -0.405 -0.224
ADW -0.371 -0.048 -0.129 0.338
Parameter

Eigen value 5.900 2.900 2.680 1.004
Cumulative (%)  42.160 62.890 82.090 89.260
Variability (%) 42.160 20.730 19.210 7.170
SD 2.430 1.700 1.640 1.002

Legens as Table 2; PC1, PC2, PC3, PC4 = principal component 1, 2, 3
and 4, respectively
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The second main component has higher impact
on PI368911, P1457938 and Lucky801. There is no
significant difference in the influence of the first two

main components on KALI and Zuter.

PCA plot analysis

Multivariance methods of analysis are widely used
to assess the genetic diversity of breeding materials. In
Figure 2 the specimens are depicted according to their
values for the first (PC1) and second factor (PC2).

P1457923 and Lucky801 specimens have negative
values in PC1 and positive PC2. Their position in PC1 is
determined by the indicators related to the formation of
the leaf number, the leaf dry weight, the aboveground
fresh weight, and PC2 from the low values of leaf fresh
weight, the root length and the specific nodulating ability.
In the sector with positive values of PC1 and negative
PC2 are located the KALI and P1533704 specimens.
Their position in relation to the first principal component
is determined by the root length and the leaf fresh
weight and their negative values in PC2 are related to
the elements root dry weight and stem fresh and dry
weights. In the plane with positive values, the varieties
of PI368911 and PI457938 are located on the two
principal components. Determining their position in this
quadrant are the leaf number, the aboveground fresh and
dry weights, the nodule numberand root fresh weight. As
independent of the coordinate system in the negative part
of the two principal components is the Zuter variety. Its
localization there is due to the signs specific nodulating
ability, aboveground dry weight, root dry weight, stem
fresh and dry weights.

In Figure 3 a previewed pattern of the relationship
between the signs and their location in the factor space
is presented.

The applied PC analysis provides information on
the correlative relationships between the studied signs.
Depending on the magnitude of the angle, which is formed
between the vectors of each two signs, correlations
between them can be determined.

Vectors of the signs root dry weight, stem fresh and
dry weights and aboveground dry weight conclude sharp
angles, indicating the strong positive correlation between
them. The same sign is the relationship between the
nodule number and the root fresh weight; the nodule
weight and plant height; the root length and the leaf fresh
weight.

. PI457923  PI368911 PI533 PI457938 KALI Zuter Lucky801

0.5 6.3 -1.6 -0.9

EBPCI OPCZ OPC:

Figure 2. Values of varieties on main components (PC1, PC2,
PC3 = principal component 1, 2 and 3, respectively)
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Figure 3. Projection of varieties and signs on the vector plane (A
- for quantitative traits: Y1 - nodule number, Y2 - nodule weight,
Y3 - specific nodulating ability, Y4 - Root length, Y5 - Root fresh
weight, Y6 - Root dry weight, Y7 - Leaf number, Y8 - Leaf fresh
weight, Y9 - Leaf dry weight, Y10 - Stem fresh weight, Y11 -
Stem dry weight, Y12 - Plant height, Y13 - Aboveground fresh
weight, Y14 - Aboveground dry weight; B - for lupin genotypes)
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In the comparison of the two figures (Figure 2A and
Figure 2B), the binding of genotypes in groups of certain
signs may be assessed. The genotypes points of the
Figure 2B are positioned closer to the vectors of the
corresponding Figure 2B, so this attribute is decisive in
their grouping.

Correlation analysis

Correlation coefficients appear to be very appropriate

indicators to study dependencies between signs.
Correlation studies are of interest to create adaptive
genotypes and to obtain information about the

characteristics of the signs.

Correlation coefficients have been identified between
the investigated signs (Table 5). The positive correlations
between the nodule weight and all the other signs are
found significant without the leaf number. The nodule
number correlates positively with the nodule weight
(r = 0.310), root mass fresh weight (r = 0.275) and leaf

number (r = 0.270), and negative with the greater part
of the remaining signs. The strongest significant positive
correlations has shown the aboveground dry weight with
stem dry weight (r = 0.989) and with the plant height (r =
0.936).

The aboveground fresh weight is in a negative and
statistically significant correlation only with the nodule
number of nodules (r =-0.330), from which it follows that
the varieties with heavier aboveground fresh biomass
form a smaller number of nodules but with higher weight.
With other signs the dependencies are positive. They are
particularly strong with the leaf fresh and dry weights (r
= 0.881 and r = 0.897) with the plant height (r = 0.963)
as well as the plant height (r = 0.587) and the root dry
weight (r = 0.569).

Given the importance of the signs related to the
productivity of fresh biomass, the selection of parental
pairs in hibridization schemes should be directed to
genotypes with high values of these indicators.

Table 5. Correlation coefficients (r) among the quantitative traits of white lupin varieties

NN NW SNA RL RFW  RDW LN LFW LDW SFW  SDW PH AFW
NW 0.31**
SNA 0.04 0.38**
RL -0.30**  0.27** 0.04
RFW 0.27** 026 -0.14 -0.03
RDW -0.27**  0.40** 0.13 0.58* 0.27**
LN 0.27** 0.16 -0.32** -0.27** 0.75** 0.04
LFN -0.38**  0.32** 0.04 0.54 -0.07 0.53** -0.05
LDW -0.20*  0.39** -0.13  0.40** 0.15 0.54** 0.33** 0.75**
SFW -0.11 0.24* -0.04 0.19* 0.31** 0.58** 0.22* 040" 0.34*
SDW -0.18 0.34** -0.04 0.32** 038 0.77** 0.33** 0.53* 053 0.83*
PH -0.14 039" -0.11 0.33* 0.37** 0.72** 040 0.53** 0.64* 0.77** 0.92*
AFW -0.33**  0.37** -0.08 0.54** 0.09 0.57** -0.00 0.89** 0.88** 0.36** 0.51** 0.59**
ADW -0.19*  0.37** -0.06 0.36* 036 0.78** 0.35** 0.61** 0.65** 0.80* 0.99** 0.94** 0.61**
*/** significant at the 0.05/0.01 level

JOWRNAL a7

Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/21.2.2536

Original scientific paper

DOI: /10.5513/JCEA01/21.2.2536

Kosev and Vasileva: CeniekIIMOHHA IIEHHOCT Ha COPTOBE Osiy1a JIyIUHA. ..

DISCUSSION

According to Vitko (2016) varieties of Lupinus
angustifolius are complex populations with diverse
genetic material, especially in the quantitative indications,
which in turn are subject to a strong modificational
variability major obstacle to increasing the reeding of
the desired genotypes. The same author establishes that
signs such as the number of seeds per plant, the mass of
plant seeds and others are characterised by a high level of
modificational variability, and therefore the identification
of valuable genotypes of these signs is difficult. Relatively
stable in terms of the indicator modificational variability
is the sign of the plant height. In the opinion of a number
of researchers in most cases, the quantitative signs are
formed and amended over a period of time in the process
of ontogenesis, depending on the time and severity of the
action of limiting factors. According to some researchers,
the quantitative signs determining the productivity of the
plant are not so much a product of the action of genes or
chromosomes, as result from the interaction of limiting
factors in the external environment with the systems of

gene complexes.

Each genotype is characterized by an inherently
defined amount of individual variability. The various signs
of a genotype vary under the influence of environmental
factors inconsistent in a different way. Each attribute
is characterized by the limit of its variability (Taranuho,
2001; Angelova et al., 2011; Atnaf et al., 2017).

In research related to peas Singh and Singh (2006)
reported high heritability of plant height, number of plant
beans and a mass of 1000 seeds combined with high
genetic advance. Sharma and Bora (2013) also reported
high genotypic variability of the yield of grain and its
components. Panse (1957) stated that high heritability
coupled with high genetic advance indicates the additive
gene effects while high heritability coupled with low
genetic advance indicates the non-additive gene effects
for the control of a particular character. Accordingly,
the presence of high estimates of GCV, heritability and
genetic advance as percent of mean for grain yield in this
study indicate the preponderance of additive gene action

in governing the expression of the trait and consequently
high expected genetic gain through selection. High
estimates of heritability and low genetic advance
observed for some of the traits suggest the presence of
non-additive gene action and/or significant genotype by
environment interaction in the expression of the traits
that will make selection difficult for the improvement of
these traits. Several researchers reported similar results
to the present finding on different legume and other
crop species, such as soybean (Malek et al., 2014) and

mungbean (Payasi, 2015).

The relative contributions of different traits of the
identification of desirable genotype found in this study by
the traits comparing biplot procedure of the GT biplot are
similar to those found in other crop studies soybean (Yan
and Rajcan, 2002) and white lupin (Rubio et al., 2004).

Tsenovetal.(2014)expressed theviewthat correlations
between the main signs should be established in order to
be able to make a quantitative assessment of the varieties
studied. The authors consider that this is necessary for
the following reasons: in order to establish any weighting
factors that may be attributed to another and in order to
be able to adjust the character values according to real

relationships between them in particular experiment.

CONCLUSIONS

The effect of environment and genotype on the
occurrence of the signs studied has been demonstrated.
The role of the genotype is the strongest for the
nodulating ability of the plants.

The variability of the signs associated with the root
system is in smaller limits than that of aboveground
biomass. The phenotypic coefficient of variation is higher
than the genotype coefficient of variation for all signs
with the exception of the aboveground fresh and dry
weights (CVp - 32.62%, CVg - 51.22%; CVp - 33.66%,
CVg - 42.07%).

The genetic variance is within the range of 0.001 (the
specific nodulating ability) to 29.16 (the number of leaves
per plant), and the phenotypic variance of 0.001 (the
specific nodulating ability) to 43.15 (number of leaves per
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plant). For the number of leaves per plant (3.56, 67.58%),
stem fresh weight (2.81, 68.24%) and aboveground fresh
weight (1.25, 88.05%) high genetic advance (GA) was
obtained in combination with high inheritability.

High inheritability with low genetic advance was
established for the specific nodulating ability (80.81%,
0.09) and the stem dry weight (62.60%, 0.31), which is an
indication of the involvement of no- additive gene action.

The aboveground fresh weight is positively correlated
with: the leaf fresh weight (r = 0.897), the leaf dry weight
(r=0.881), the plant height (r = 0.587) and the dry weight
of the roots (r = 0.569).

REFERENCES

Angelova, S., Georgieva, T., Sabeva, M. (2011) Mixture cultivation of
legumes with oats. In: Jubilee National Scientific Conference with
International Participation “The man and the Universe”, Scientific
papers, part I, Natural and Agriculture Sciences. Smolyan, Bulgaria,
6-8 October 2011, pp. 598-609.

DOI: https://doi.org/10.13140/RG.2.1.4206.6405

Ashiev, A. R. (2014) Initial material of peas (Pisum sativum L.) and its
breeding use in the conditions of the pre-rural steppe of the
Republic of Bashkortostan. Doctoral dissertation, Kazan.

Atnaf, M., Tesfaye, K., Dagne, K., Wegary, D. (2017) Genotype by trait
biplot analysis to study associations and profiles of Ethiopian white
lupin (Lupinus albus L.) landraces Mulugeta Atnaf. Australian Journal
of Crop Science, 11 (1), 55-62.

DOI: https://doi.org/10.21475/ajcs.2017.11.01.pne226

Chakraborty, R., Chakraborty, S. (2010) Genetic variability and
correlation of some morphometric traits with grain yield in bold
grained rice (Oryza sativa L.) gene pool of Barak valley. American-
Eurasian Journal of Sustainable Agriculture, 4 (1), 26-29. http:/
www.aensiweb.net/AENSIWEB/aejsa/aejsa _jan-april_2010.html

Cruz, C. D. (2009) Programa Genes: Biometria. version 7.0. Vicosa:
University of Federal Vicosa.

Fedorova, Yu. N. (2001) Breeding value of narrow-leaved (Lupinus
angustifolius L.) and yellow (Lupinus luteus L.) specimens in the
conditions of Pskovsky region. Doctoral dissertation, Sankt
Peterburg.

Hondelmann, W. (1984) The lupin - ancient and modern crop plant.
Theoretical and Applied Genetics, 68, 1-9.

DOI: https://doi.org/10.1007/BF00252301

Johnson, H. W, Robinson, H. F., Comstock, R. E. (1955) Estimates of
genetic and environmental variability in soya beans. Agronomy
Journal, 47 (7), 314-318.

DOI: https://doi.org/10.2134/agronj1955.000219620047000700
09x

Johnson, S.K,, Chua, V., Hall, R.S., Baxter, A.L. (2006) Lupin kernel
fibre foods improve bowel function and beneficially modify some
putative faecal risk factors for colon cancer in men. British Journal
of Nutrition, 95(2), 372-378.

DOI: https://doi.org/10.1079/BJN20051648

Kurkina, Yu. N., Tkachenko, I. K. (2003) Correlations of quantitative
traits of fodder crops. Seed Production, 5, 23-24.

Lukashewich, M. 1., Sviridenko, T. V. (2012) Directions and results of
breeding white lupin. Forage Production, 5, 22-24.

Malek, M. A., Rafii, M. Y., Shahida, S., Afroz, M., Nath, U. K., Mondal,
M. M. A. (2014) Morphological characterization and assessment of
genetic variability, character association, and divergence in soybean
mutants. The Scientific World Journal, Article ID 968796.

DOI: https://doi.org/10.1155/2014 /968796.

Panse, V. G. (1957) Genetics of quantitative characters in relation to
plant breeding. Indian Journal of Genetics and Plant Breeding, (17),
318-346.

Payasi, D. K. (2015) Genetic variability analysis for seed yield and its
components in mungbean (Vigna radiata L. Wilczek). International
Journal of Plant Breeding and Genetics, 9 (3), 177-188.

DOI: https://doi.org//10.3923/ijpbg. 2015.177.188

Raykov, G. (2014) Approaches for grading breeding evaluation of winter
wheat varieties for grain yield. Scientific Works of Institute of
Agriculture -Karnobat, 3 (1), 21-35.

Rubio, J., Cuberom J. I., Martinm L. M., Susom M. J., Floresm F. (2004)
Biplot analysis of trait relations of white lupin in Spain. Euphytica,
135, 217-224.

DOI: https://doi.org//10.1023/B:EUPH.0000014911.70355.c9

Sharma, V. K., Bora, L. (2013) Studies on genetic variability and heterosis
in vegetable pea (Pisum sativum L.) under high hills condition of
Uttarakhand, India. African Journal of Agricultural Research, 8 (18),
1891-1895. DOI: https://doi.org//10.5897/AJAR09.427

Singh, J. D., Singh, I. P. (2006) Genetic variability, heritability, expected
genetic advance and character association in field pea (Pisum
sativum L.). Legume Research, 29 (1), 65-67.

Skuridin, G. M., Koval, S. F. (2002) Identification of genotype by
phenotype using correlations. Information paper VOGIS, 19, 12-18.

Taranuho, G. I. (2001) Lupin: biology, breeding and technology of
cultivation. Gorky: Belarus Agricultural Academy.

Tsenov, N., Atanasova, D., Nankova M., lvanova, A., Tsenova, E.,
Chamurliiski, P.,

Vishnyakova, M. A. (2008) Grain legumes gene pool and adaptive
breeding as factors of biologization and ecologization of plant
industry (review). Agricultural Biology, 3, 3-23.

Vitko, G. I. (2016) Variation of quantitative traits in yellow lupin. Bulletin
of Belarus. State Agricultural Academy, 1, 45-50.

Vitko, G. I., Vanaga, |. (2015) Assessing the narrow-leaved lupin varieties
and defining the relationships between the seed production and
structural elements depending on the type of vetches. Technological
aspects of the agricultural crops, Gorky, 39-43.

Ward, Jr., Joe, H. (1963) Hierarchical grouping to optimize an objective
function. Journal of American Statistical Association, 58 (301), 236-
244,

Yan, W. (2002) Singular-value partitioning in biplot analysis of
multienvironment trial data. Agronomy Journal, 94, 990-996.

DOI: https://doi.org/10.2134/agronj2002.0990

Yan, W., Rajcan, I. (2002) Biplot analysis of test sites and trait relations
of soybean in Ontario. Crop Science, 42, 11-20.

DOI: https://doi.org/10.2135/cropsci 2002.0011

Zaharova, M. V., Lukashevic, M. I., Sviridenko, T. V. (2014) Variability
and relations of productivity elements in varieties of white lupin.
Leguminous and cereal crops, 2 (10), 81-84.

JOURNAL

Central European Agriculture
ISSN 1332-9049

419


https://doi.org/10.5513/JCEA01/21.2.2536
http://www.tcpdf.org

