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Pea (Pisum sativum L.), a member of the Leguminosae, is
an important cool season vegetable crop. It is a native spe-
cies of Southwest Asia and was among the first crops culti-
vated by man. Wild field pea can still be found in Afghanis-
tan, Iran and Ethiopia. It is also the second most important
food legume worldwide after common bean. The increasing
demand for protein-rich raw materials for animal feed or
intermediary products for human nutrition have led to a
greater interest in this crop as a protein source (Santalla e?
al. 2001). To establish a breeding program the yield compo-
nents and characteristics of the plant must be evaluated
since these have an affect on their harvest.

Principal component analysis (PCA) involves a mathe-
matical procedure that transforms a number of (possibly)
correlated variables into a (smaller) number of uncorrelated
variables called principal components (Chatfield and Collis
1980). The first principal component accounts for as much
of the variability in the data as possible, and each succeed-
ing component accounts for as much of the remaining varia-
bility as possible. The objectives of PCA are to discover or
to reduce the dimensionality of the data set and to identify
new meaningful underlying variables (Jollife 2002).

The mathematical technique used in PCA is called ei-
gen analysis: We solve for the eigenvalues and eigenvectors
of a square symmetric matrix with sums of squares and
cross products. The eigenvector associated with the largest
eigenvalue has the same direction as the first principal com-
ponent. The eigenvector associated with the second largest
eigenvalue determines the direction of the second principal
component. The sum of the eigenvalues equals the trace of
the square matrix and the maximum number of eigenvectors
equals the number of rows (or columns) of this matrix
(Harris 2001). Multivariate statistical methods have been
successfully used to classify quantitative and qualitative
variations in many crop species like pea (Amurrio et al.
1995; Rabbani et al. 1998; Berdahl et al. 1999; Chandran
and Padya 2000; Cravero et al. 2002; Rosso and Pagano
2005; Bhargava et al. 2007).

An excellent way to see the results of PCA are through
graphics Biplot (Gabriel 1971), specifically the connections
between the ordinations of the rows (generally samples) and
of the columns (generally markers) of the data table. The
Biplot represent both ordinations simultaneously.

In the present study we carried out a PCA to determine
which variable contributed more with its variance to total
variance observed in the pea accessions. For this, fifteen
characteristic were measured in two seasons (2005-2006):
Length (LS) and width (WS) of stipule, leaflets (LL, WL),
length of the internodes (LI), plant height (PH), number of
nodes at the first flower (NF) and at the first pod (NV), and
numbers of days to flowering (DF) were measured in the
flowering period while the length and width of pod (LP,
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Fig. 1 Plot of Eigenvalues for 2005 season.
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Fig. 2 Plot of Eigenvalues for 2006 season.

WP), numbers of pods (NP) and seeds per plot (NS), yield
(Y) and grain diameter (GD) were measured at the dry seed
stage. Four traits (plant height, size of pods and stipule, and
diameter of grain) were recorded in cm, while the nodes at
the first flower and at the first pod were counted with the
average of three plants randomly selected in the centre of
rows. The yield was estimated in g per plot at harvest.
Seeds and pod per plot were counted. The days to flowering
were estimated as days from sowing time to the day on
which at least 50% of the plants in the plot had started to
flower.

The PCA was carried out through InfoGen software
(Balzarini and di Renzo 2003): four PCs (Figs. 1, 2) ex-
plained 81.0% of the total variation observed among the
varieties for both seasons (Tables 1A, 1B, 2A, 2B). The
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Table 1A Eigenvalues obtained of the PCA for 2005 season.

Table 1B Eigenvectors obtained of the PCA for 2005 season.

Lambda Value % % Accum Variables PC, PC, PC; PC,
1 5.04 0.34 0.34 PH 0.25 0.32 -0.15 -0.02
2 3.62 0.24 0.58 LP -0.20 -0.05 0.49 -0.36
3 1.82 0.12 0.70 WP 0.22 0.01 0.31 -0.34
4 1.30 0.11 0.81 Y -0.01 0.46 -0.03 -0.27
5 1.08 0.07 0.88 NP -0.11 0.40 -0.27 -0.25
6 0.63 0.04 0.92 NS -0.23 0.32 -0.15 -0.29
7 0.41 0.03 0.95 NF -0.27 0.28 -0.03 0.35
8 0.31 0.02 0.97 LI 0.34 0.26 -0.11 0.10
9 0.22 0.01 0.98 WA 0.19 0.31 0.32 0.22
10 0.22 0.01 1.00 LS 0.09 0.32 0.47 0.26
11 0.02 1.6E-03 1.00 NV -0.28 0.08 -0.28 0.38
12 0.01 6.9E-04 1.00 WL 0.38 0.03 -0.20 -0.13
13 3.0E-03 2.0E-04 1.00 LL 0.39 -2.5E-03 -0.19 -0.15
14 0.00 0.00 1.00 GD 0.28 0.10 0.17 0.32
15 0.00 0.00 1.00 DF -0.31 0.27 0.15 -0.10
Table 2A Eigenvalues obtained of the PCA for 2006 season. Table 2B Eigenvectors obtained of the PCA for 2006 season.
Lambda Value % % Accum Variables PC, PC, PC; PC,
1 6.36 0.44 0.44 PH 0.26 -0.18 0.29 0.07
2 2.20 0.16 0.60 LP -0.13 0.09 0.59 -0.05
3 1.80 0.14 0.74 WP 0.14 0.19 0.20 -0.12
4 1.01 0.07 0.81 Y 0.36 0.01 0.14 0.17
5 0.94 0.06 0.87 NP 0.34 -0.14 0.12 0.23
6 0.60 0.04 091 NS 0.30 -0.19 0.19 0.33
7 0.45 0.03 0.94 NF -0.06 -0.08 -0.59 0.36
8 0.31 0.02 0.96 LI 0.26 -0.28 -0.11 0.11
9 0.23 0.02 0.98 WS 0.14 0.56 0.01 0.04
10 0.19 0.01 0.99 LS 0.14 0.53 -0.03 0.22
11 0.09 0.01 1.00 NV -0.29 0.04 0.03 0.40
12 0.06 3.9E-03 1.00 WL 0.33 -0.10 -0.16 -0.37
13 3.5E-03 2.3E-04 1.00 LL 0.33 -0.11 -0.17 -0.37
14 0.00 0.00 1.00 GC 0.20 0.39 -0.20 -0.21
15 0.00 0.00 1.00 DF -0.33 -0.14 0.07 -0.33
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Fig. 3 Principal Component Analysis graphs. PC1 and PC2 are the two first principal components for 2005 season.

data was standardized previously at analysis. We consi-
dered only the first two PCs, which explained 67.7% (for
2005) and at 69.8% (for 2006) of the total variance.
According to their dispersion on the PCA diagram for
2005, we identified different groups of accessions (Fig. 3).
Three varieties, Aparecida, Amarilla and Turf, were plotted
on the same left portion of the PCA diagram, indicating that
they are closely related genotypes, characterized by low
yield, seeds per plot, plant height and length and width of
leaflets by high days at flowering. We identified another
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group that consisted of Marina, DDR11 and Spring Pea on
the lower right portion of the diagram, with low yield, seeds
per plot, plant height and days at flowering by high length
and width of leaflets and length of internodes.

For 2006, we also identified groups of accessions in the
diagram of the PCA diagram (Fig. 4). Two accessions,
Aparecida and Viper were plotted on the same left portion
of this diagram, indicating that they are closely related
genotypes, characterized by low yield and grain diameter.
Also we identified another group that consisted of ZAV15
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Fig. 4 Principal Component Analysis graphs. PC1 and PC2 are the two first principal components for 2006 season.

and Spring Pea with high yield and grain diameter. We can
see that the accessions were grouped similarly in both sea-
sons, except for any cultivars that changed their position in
the figure for the different environments. This fact implies
that the genotype x environmental interactions are present.

The summation of these results may provide informa-
tion about the importance of some of the characters studied
among all accessions analyzed because the fifteen charac-
ters previously identified (Espdsito et al. 2007) as promi-
sing criteria for characterization of the material eleven were
shown to be relevant. Our study provides a better insight
regarding the relationship between various characters deter-
mining either timing of flowering or productivity, and pro-
vides information on the likely interest of a particular ac-
cession as a parent in initial crosses for breeding stable and
high-yielding varieties.
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