
South Western Journal of                                                                                            Vol.12, No.2, 2021 
Horticulture, Biology and Environment                                                                                     pp. 75-87 
P-Issn: 2067- 9874, E-Issn: 2068-7958                                                                                                                            Art.no. e21107 
 

 
MULTIVARIATE ANALYSIS OF WHITE LUPINE  

(LUPINUS ALBUS) GENOTYPES 
 

Valentin Ivanov KOSEV1*  and  Natalia GEORGIEVA1 
 

1. Institute of Forage Crops, Pleven, General Vladimir Vazov street, 89, Bulgaria 
*Corresponding author, V.I. Kosev, E-mail: valkosev@abv.bg 

 
ABSTRACT. The experiment was carried out during the period 2016 - 2018 
at the Institute of Forage Crops (Pleven, Bulgaria). Data on genetic variability, 
heritability, and genetic advance in 15 white lupine genotypes (Lp 1, Lp 4, Lp 
6, Lp 10, Lp 21, Lp 23, Lp 25, Lp 27, Lp 28, Lp 29, Lp 27\1, Lp 27\3, Lp 27\7, 
Lp 27\10, Lp 28\1) were obtained. Significant differences in main quantitative 
traits were found, which was indicative of the high level of genetic diversity 
among the lupine genotypes. For all traits (except plant height), the phenotypic 
variation coefficient was higher than the genotypic coefficient. The genotypic 
coefficient had high values in terms of seeds number (31.55%), pods number 
(30.90%) and seeds weight (26.46%). High heredity coefficients were 
established for 1st pod height (71.68%), pod length (55.64%) and 1000 seeds 
mass (57.59%), and low coefficients – for seeds number (10.92%) and pods 
number (11.94%). High heritability combined with high genetic advance was 
found for plant height (GA = 18.94) and 1000 seeds mass (GA = 17.82), which 
indicated the presence of additive gene actions in these traits and was a 
prerequisite for their improvement by conducting selection. Genotypes Lp 1, 
Lp 4, Lp 6, Lp 28, and Lp 29 could be used in future hybridization programs 
due to the good performance of the main quantitative traits. 
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INTRODUCTION 
 
As an alternative to animal protein, growing protein crops has gained 
increasing interest in recent years. One such source is protein-rich legumes. 
Legumes are also distinguished for their potential to reclaim poor soils due 
to their nitrogen-fixing ability and their beneficial effects on the soil. Among 
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legumes, lupine is defined as a particularly promising species, characterized 
by high protein content, suitable for sustainable production and with potential 
benefits for health (Lucas et al. 2015; De Ron et al. 2017; Gulisano et al. 
2019). The genus Lupinus includes almost 300 species, but only four of them 
are important for agriculture: L. albus, L. angustifolius, L. luteus and L. 
mutabilis. The first three species are native to Europe and present the greater 
part of lupines grown worldwide (Gresta et al. 2017; Adere & Gudeta 2019). 
White lupine originates in the Balkans, in the northeastern part of the 
Mediterranean. The genetic diversity of white lupine and other Lupinus 
species can be characterized by morphological and agronomic signs (Atnaf 
et al. 2015; Gudeta 2019). Collecting, studying, and using appropriate and 
genetically diverse starting material is a crucial prerequisite for the success 
of breeding. The main objectives of the breeding programs are related to 
increased productivity, improved grain quality and some biological traits of 
the crop (Wolko et al. 2011; Genchev 2014). The achievement of these goals 
is related to the need to apply complex genetic-selection and mathematical-
statistical methods, and to carry out systematic researches and analysis of 
the main breeding features of the materials in the working collection (Zotikov 
2006; Bezuglaya et al. 2014). According to Atnaf et al. (2015), multivariate 
analyses are helpful approaches for characterizing populations such as white 
lupine, as they consider several agronomic features or parameters 
simultaneously. Clustering takes into account a set of units to group them on 
the basis of their characteristics. Principal components analysis is directed 
at reducing the dimensionality of the source data while preserving as much 
information as possible. Knowledge of genetic variability, heredity and 
genetic advance is of great importance as they provide more reliable 
information on the level of genetic diversity of the quantitative traits studied. 
The study was conducted to establish the degree of genetic variability, 
heredity, and genetic advance in main quantitative traits of white lupine 
genotypes, and to determine the possibility of including them in the breeding 
process as starting forms. 

 
 

MATERIALS AND METHODS 
 
The experimental activity was carried out during the period 2016 - 2018 at the 
Institute of Forage Crops (Pleven, Bulgaria) with 15 genotypes of white lupine 
(Lupinus albus L.): Lp 1, Lp 4, Lp 6, Lp 10, Lp 21, Lp 23, Lp 25, Lp 27, Lp 28, Lp 29, 
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Lp 27\1, Lp 27\3, Lp 27\7, Lp 27\10, Lp 28\1. The variants are arranged randomly, 
by block method (Barov 1982), with a plot size of 4 m2. The sowing was conducted 
at a rate of 50 seeds per m2, with row spacing of 50 cm and a depth of 2-3 cm. The 
following traits of plants were recorded: 1st pod height (cm), plant height (cm), pods 
number per plant, pod length (cm), pod width (cm), seeds number per plant, 1000 
seeds mass (g), seed weight per plant (g). The following statistical methods were 
used to evaluate the experimental data: factor analysis according to the method of 
principal components (Vandev 2003); hierarchical cluster analysis (Ward 1963) – for 
grouping genotypes based on similarity as a measure of genetic distance; the 
Euclidean distance between them was calculated (as a measure for divergence) 
after the data were standardized preliminary. The GGE biplot model was done that 
uses singular value decomposition of the first two principal components (Yan & 
Rajcan 2002). Genetic gain (GG) and genetic advance (GA) were evaluated 
according to the methods of Johnson et al. (1995). The experimental data were 
processed statistically using the software products MS Excel (2003) and GENES 
2009.7.0 for Windows XP (Cruz 2009). 

 
 

RESULTS AND DISCUSSION 
 
Analysis of variance 
The analysis of variance showed that there were significant differences 
between the tested genotypes over the three-year period (Table 1). The 
mean values of the main quantitative traits over the study period are 
presented in Figure 1. With the longest stems were Lp 4 (94 cm), Lp 29 (92 
cm) and Lp 27/3 (90 cm), while Lp 23 (66 cm) and Lp 10 (68 cm) had short 
stems. The greatest number of pods formed Lp 28, Lp 29 and Lp 6 (16), and 
in Lp 28/1 (8), Lp 27/3 (10) and Lp 27/7 (10) were recorded the lowest 
number. Genotypes Lp 1 and Lp 4 were large-seeded, with 1000 seeds mass 
of 293 g - 309 g. They were also distinguished by their relatively high seed 
productivity (15.26 g - 17.23 g). 
 
Genetic parameters 
The values of the phenotypic and genotypic variance of the traits studied are 
presented in Table 2. The value of the genotypic variance was higher than 
that of the phenotypic variance for plant height only (65.17), which means 
that the environment had a major contribution to the phenotypic variation of 
this trait. The ratio of genotypic to phenotypic variance in pods number, 
seeds number, pod length and pod width, showed a wide range of variability.  
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Table 1. Analysis of variance in white lupine genotypes 
 

Traits 
Source of variation 

Residue 
Year Genotype 

Plant height 4059.854 245.7608** 50.2536 
1st pod height 130.1096 75.3887** 21.3465 
Pods number 276.3208 16.7992** 14.7931 
Seeds number 4499.251 288.556** 257.06 
Seed weight 215.2753 19.5703** 12.0343 
Pod length 1.0296 0.4426** 0.1963 
Pod width 0.0781 0.0059** 0.0092 
1000 seeds mass 5763.656 861.2878* 365.3088 

**, * significant at 1% and 5% probability levels  

 
 

 
 

Figure 1. Quantitative traits in white lupine genotypes: A-plant height, B-1st pod 
height, C-pods number, D-seeds number, E-seed weight; F-pod length, G-pod 
width, H-1000 seeds mass 
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Table 2. Genetic component of variation for quantitative traits in white lupine 
genotypes 

 

  Traits 

  Plant 
height 

1st pod 
height 

Pods 
numbe

r 

Seeds 
numbe

r 

Seed 
weight 

per 
plant 

Pod 
length 

Pod 
width 

1000 
seed 
mass 

Pa
ra

m
et

er
s 

Minimum 56.17 33.00 7.67 29.13 6.31 5.77 0.89 204.53 
Maximum 119.57 61.57 27.75 117.50 24.77 8.84 1.41 332.00 
GCV (%) 9.91 9.30 6.49 6.31 12.17 3.69 - 4.78 
PCV (%) 8.69 10.11 30.90 31.55 26.46 5.68 - 7.13 
Vg 65.17 18.01 0.67 10.50 2.51 0.08 0.001 165.33 
Vp 50.25 21.35 14.79 257.06 12.03 0.20 0.01 365.31 
GA 18.94 8.03 0.36 1.35 1.49 0.37 0.02 17.82 
H2 (%) 79.55 71.68 11.94 10.92 38.51 55.64 - 57.59 

PCV-phenotypic coefficient of variation, GCV-genotypic coefficient of variation, Vg-genotypic variance, 
Vp-phenotypic variance, GA-genetic advance, H2-broad-sense heritability  

 
 
Therefore, it can be concluded that the phenotypic component was the main 
factor contributing to the total variation of these traits. Concerning 1000 
seeds mass and 1st pod height, the values phenotypic dispersion (365.31, 
21.35) exceeded those of the genotypic one (165.33, 18.01) but with a 
relatively small difference. In this case, environmental fluctuations have had 
their influence on the manifestation of these traits in addition to genotypic 
dispersion. For seed weight per plant, a similar dependence was also 
observed, but with a more pronounced share of the phenotypic variance in 
the trait variation. 
 
Phenotypic and genotypic coefficient of variation 
The coefficient of variation is used to determine the diversity that exists in a 
population. The coefficient of variation (CV) above 20% is considered to be 
an indicator of high variability; at values between 10 and 20% – moderate 
variability, and less than 10% – low variability. Except for plant height 
(9.91%), for all other characteristics, the phenotypic variation coefficient 
(PCV) was higher than the genotypic one (GCV). The highest GCV was 
established for seed weight (12.17%), and the lowest GCV for pod length 
(3.69%). The study found that the genotypic coefficient of variation did not 
exceed 10% in most traits. PCV values showed considerable variation in 
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seeds number (31.55%), followed by pods number (30.90%) and seeds 
weight (26.46%). In contrast, weak diversity was observed for pod length 
(5.68%), 1000 seeds mass (7.13%), and plant height (8.69%). The most 
essential difference between GCV and PCV was reported for the traits of 
seeds number, pods number, and seed weight, which was an indicator of the 
greater environmental influence on their formation. A smaller difference 
between GCV and PCV was found for pod length, 1000 seeds mass, plant 
height and 1st pod height, which showed less influence of the environment 
on the phenotypic expression of the corresponding trait. 
 
Genetic advance and coefficient of heritability 
Genetic advance values help to understand the type of gene action involved 
in the expression of various polygenic traits. High values of genetic advance 
are indicative of additive action of the gene, while low values are indicative 
of non-additive action. Heritability is an indicator of phenotypic variation, 
which is due to genetic reasons and has a predictive function in plant 
breeding. The higher the coefficient of heritability, the simpler the procedures 
for conducting the selection. Heritability in the broad sense indicates whether 
there is sufficient genetic variation in the population, and how this population 
will respond to breeding pressure. When heritability is high, breeding 
progress can be relatively easy to achieve because there is considerable 
correspondence between the phenotype and the genotype. In the present 
study, heritability in the broad sense ranged from 10.92% (seeds number) to 
79.55% (plant height). Relatively high inheritance was found for the traits of 
1st pod height (71.68%), pod length (55.64%), and 1000 seeds mass 
(57.59%). In seeds number and pods number, a lower value of the heritability 
coefficient was reported, which is probably related to the greater variation of 
the traits under the influence of environmental conditions. It is considered, 
high heritability combined with high genetic advance indicates the presence 
of additive gene effects, while high inheritance with low genetic advance is 
an indicator of non-additive gene effects on the control of the corresponding 
trait. The present study found additive gene effects for plant height (GA = 
18.94) and 1000 seeds mass (GA = 17.82). This enables an effective 
selection of genotypes by phenotype in the earlier generations and rapid 
breeding progress regarding these important morphological characteristics. 
In terms of pod length, the calculated heritability was also high, but the 
genetic advance was much lower (GA = 0.37), and therefore the effective 
selection for this trait can be complicated. The lowest coefficient of heritability 
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with the lowest genetic advance was found for pods number (GA = 0.36) and 
seeds number (GA = 1.35). For seed weight, the heritability coefficient was 
higher (compared to the previous traits), but the value of genetic progress 
was very low. Therefore, the inheritance of these traits was dominated by 
non-additive gene actions, and effective selection of genotype by phenotype 
in the early generations would not be very effective. 
 
Principal component analysis 
The principal component analysis was used for a more complete 
characterization of the white lupine genotypes. Three major components 
were established that explained 89.00% of the total variation (Table 3). The 
first major component was responsible for 43.00% of the variation and was 
related to seeds number, pods number and seed weight. The second major 
component (31.00%) was related to plant height, 1000 seeds mass and 
seeds weight, and the third component (15.00%) – to 1st pod height and 1000 
seeds mass.  
 
Table 3. The Eigen values and vectors of the correlation matrix for 8 traits in white 

lupine genotypes  
 

Variables PC1 PC2 PC3 
Plant height -0.10 0.59 0.14 
1st pod height -0.28 0.30 0.58 
Pods number 0.49 0.14 -0.16 
Seeds number 0.47 0.25 -0.16 
Seed weight 0.40 0.40 -0.10 
Pod length -0.35 0.27 -0.51 
Pod width -0.38 0.11 -0.56 
1000 seeds mass -0.14 0.49 0.11 
Parameters    
Variability (%) 43.00 31.00 15.00 
Cumulative 0.43 0.74 0.89 
EigenValues 3.44 2.49 1.22 

PC1, PC2, PC3-principal component 1, 2 and 3 respectively 

 
 
The graphical representation of the analysis of the major components PC1 
and PC2 for genotypes and traits by years is presented in Figure 2. The high 
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positive values of the principal components in Lp 1, Lp 10 and Lp 9 were 
determined by the manifestations of seeds number, pods number and seed 
weight. Lp 8 was in the same quadrant and was located very close to the 
origin of the coordinate system, but it formed fewer pods and seeds with a 
lower weight. From the projection of the genotypes on the factorial plane, it 
becomes clear that Lp 2 and Lp 12 occupied the quadrant with positive 
values of PC1 and negative values of PC2. Although they were in one 
quadrant, they were remote from one another and showed similarities in a 
relatively small number of characteristics (plant height, 1st pod height and 
pod length).  
 
 

 
 

Figure 2. Projection of traits and white lupine genotypes on the 
vector plane. Traits: x1-plant height, x2-1st pod height, x3-pods 
number, x4-seeds number; x5-seed weight; X6-pod length, x7-
pod width, x8-1000 seeds mass. Lp 1, Lp 4, Lp 6, Lp 10, Lp 21, 
Lp 23, Lp 25, Lp 27, Lp 28, Lp 29, Lp 27\1, Lp 27\3, Lp 27\7, Lp 
27\10, Lp 28\1. 

 
 
There were two subgroups in the quadrant with negative values on the two 
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principal components. The first subgroup included Lp 11, Lp 14 and Lp 15, 
and the second - Lp 13 and Lp 4, which were morphologically similar in terms 
of pod length, pod width, pod numbers and 1000 seeds mass. It is interesting 
to note the behavior of Lp 3, Lp 5, Lp 6 and Lp 7 genotypes occupying the 
quadrant bounded by the positive axis of PC1 and the negative part of PC2. 
They were considerably spaced from each other, which is an indication of 
genetic diversity. Based on the position of the genotypes in the coordinate 
system, it can be judged for the expression of the traits. The closer the point 
of a genotype is to the point of a given trait, the more pronounced is the 
manifestation of the genotype regarding that trait. The further away the points 
(of the traits) are from the beginning of the coordinate system, the greater 
their participation in the total variation. In this case, these were plant height, 
seed weight and 1000 seeds mass. Depending on the position of the points 
of the traits relative to the beginning of the coordinate system and to each 
other, the correlations between them can be judged. The seed weight was in 
a strong positive relationship with pods number and seeds number, and in a 
negative relationship – with pod length and pod width. 
 
Cluster analysis 
The first cluster (at the bottom of the figure) consisted of genotypes Lp 1 and 
Lp 4, characterized by high values of seed weight, 1000 seed mass and plant 
height (Figure 3). The second cluster was composed of Lp 25 and Lp 23. 
They were distinguished by one of the lowest values of seed weight, plant 
height and 1000 seeds mass, and occupied an intermediate position with 
respect to 1st pod height and pod numbers. The third cluster includes the 
other genotypes forming four subclusters. Lp 27 and Lp 10 were separately 
located in two of these sub-clusters. Representatives of the third subcluster 
were Lp 28, Lp 29, and Lp 6. They were characterized by a greater number 
of pods, seeds, and seed weight. Their height was above average, and their 
pods were relatively long and wide. Genotypes Lp 27\1, Lp 27\3, Lp 27\7, Lp 
27\10, Lp 28\1 and Lp 21 formed the fourth subcluster. The genetic proximity 
between them was the result of the similarity of the traits of plant height, 
pods, and seeds number, pod length, pod width, and 1000 seeds mass. The 
application of multivariate methods for data processing and interpretation of 
the obtained results allows researchers to take adequate decisions and 
better plan their research activities. The results of variance analysis 
supported the studies of Raza & Jornsgard (2002) and El-Harty et al. (2016), 
who found significant differences between white lupine genotypes in terms 
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of yield and plant height, number of pods and seeds. Significant differences 
regarding major quantitative traits have been reported by Tamene (2017) and 
Kumar et al. (2017) in peas, Arteaga et al. (2019) in common beans, and 
Kindie & Nig (2019) in broad bean.  
 

 
 

Figure 3. Dendrogram of white lupine genotypes. Lp 1, Lp 4, Lp 
6, Lp 10, Lp 21, Lp 23, Lp 25, Lp 27, Lp 28, Lp 29, Lp 27\1, Lp 
27\3, Lp 27\7, Lp 27\10, Lp 28\1. 

 
 
Following a study on the genetic variability of main quantitative traits related 
to productivity in garden cress, Bedassa et al. (2013) found that the 
phenotypic coefficient of variation was higher than the genotypic coefficient 
for all traits evaluated. Our results, to a substantial degree, were in support 
of this study, except for plant height. In contrast, Wondimu & Bogale (2017) 
obtained a genotypic coefficient of high order for seed weight and pods 
number in common bean. The authors also observed high heritability values 
for most characteristics. Also, high heredity with high genetic advance was 
established for number of pods and 1000 seeds mass. In the present study, 
small differences between the phenotypic and genotypic coefficients were 
found for the signs of plant height, 1st pod height, pod length and 1000 seeds 
mass. In support of this, Atnaf et al. (2015) reported slight differences in 
numerical expressions between these coefficients in terms of pods number 
and other main characteristics in lupine genotypes. Annicchiarico et al. 
(2010) pointed out a high coefficient of inheritance for seed weight in white 
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lupine genotypes, which was partially confirmed in this study. In other annual 
legumes such as peas, Bashir et al. (2017) found high inheritance for almost 
all quantitative traits related to productivity. In evaluating the genetic diversity 
of white lupine accessions, Atnaf et al. (2017) noted the importance of 
assessing genetic advance and the level of inheritance of traits. The authors 
pointed out that genetic advance is an indicator of the degree of 
enhancement of the trait manifestation and helps the breeder to predict the 
degree of improvement that can be achieved. Ivanov (2014) considered that 
the study of selection materials through cluster analysis enables the breeders 
to plan and make more effective decisions for the development of their 
breeding programs. By means of clustering, genotypes can be divided 
according to their phenotypic expression of a particular trait or group of traits. 
According to Pencheva (2018), the application of cluster and component 
analysis, by grouping variables into two or more major components, can 
explain the extent of genetic variation in the yield and its elements. The joint 
application of the two analyzes would allow receiving more complete 
information on the role and importance of traits in grouping genotypes. 
 
 
CONCLUSIONS 
 
The results of the study showed significant differences in main quantitative 
traits, which was indicative of the high level of genetic diversity among the 
15 white lupine genotypes. For all traits (except plant height), the phenotypic 
variation coefficient was higher than the genotypic coefficient. The genotypic 
coefficient had high values in terms of seeds number (31.55%), pods number 
(30.90%) and seeds weight (26.46%). High heredity coefficients were 
established for 1st pod height (71.68%), pod length (55.64%) and 1000 seeds 
mass (57.59%), and low coefficients – for seeds number (10.92%) and pods 
number (11.94%). High heritability combined with high genetic advance was 
found for plant height (GA = 18.94) and 1000 seeds mass (GA = 17.82), 
which indicated the presence of additive gene actions in these traits and was 
a prerequisite for their improvement by conducting selection. Genotypes Lp 
1, Lp 4, Lp 6, Lp 28, and Lp 29 could be used in future hybridization programs 
due to the good performance of the main quantitative traits. 
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