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A B S T R A C T

In this paper evaluating variation of twenty-eight traits in a strawberry collection
consisted of 117 accessions (clones), and assessment of phenotypic, genotypic and
environmental correlations among these traits have been carried out. The genotypes
studied were a part of the strawberry germplasm collection established in the
Research Institute of Pomology and Floriculture in Skierniewice, Poland. The
evaluated traits include attributes of growth, development, yield, fruit quality and
resistance to the most important strawberry diseases. These traits were observed on
one plot for each genotype during three fruit-bearing seasons from 2001 to 2003 using
a rate scale from 1 to 9 or rarely 1 to 7 (larger scores of each trait determine larger
level of its expression according to its definition). The input data were arranged in an
incomplete two-way genotype x year classification (some genotypes have been
observed only in two years). Variance components were estimated for each trait
separately by REML method for a random model of the two-way classification using
VARCOMP procedure of the SAS software package. Coefficients of heritability for
the three-year phenotypic means were estimated on the basis of the variance
components. Genetic and environmental variance and covariance components needed
for estimation of different correlation coefficients were evaluated using MANOVA
option of the GLM procedure of the SAS package.

Key words: environmental correlations, genotypic correlations, germplasm collection,
incomplete data, multivariate analysis of variance, phenotypic correlations, strawberry
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INTRODUCTION

Diversity in a germplasm of
a given plant species is usually
studied using qualitative or quanti-
tative phenotypic traits, especially
those which are highly heritable and
important for breeding and crop
management purposes. This kind of
germplasm variability is commonly
known as phenotypic diversity or
variation (Harrison et al., 1997, 2000;
Jahufer et al., 1997; Harch et al., 1997;
Catling and Porębski, 1998;
Annicchiarico et al., 2000; Moham-
madi and Prasanna, 2003; Rotondi et
al., 2003; Upadhyaya et al., 2005).
Phenotypic variation (variance in
statistical sense) of a trait in a popu-
lation is assumed in quantitative
genetics to be a sum of variance of
genetic, environmental and genotype
by environment interaction effects
(Falconer and Mackay, 1996; Muszyń-
ski et al., 2000; Toker, 2004;
Upadhyaya et al., 2005; Xu et al.,
2006).

Parental genotypes to be used in
breeding programs are usually selected
on the basis of their phenotypical value
for important traits. It is required to
choose parental genotypes which are
not closely related to each other in
order to reduce effects of inbreeding.
A successful breeding program
requires a high degree of genetic
(molecular) and phenotypic diversity
among the progeny. This can be
achieved by using unrelated and
diverse parents at both phenotypic and
genetic levels. In order to ensure
breeding efficiency, it is necessary to
design the breeding program using the
knowledge about the breeding value of
the potential parents. Among various

measures of parent’s breeding value
for a particular trait are General
Combining Ability (GCA), Specific
Combining Ability (SCA) as the most
important (Muszyński et al., 2000;
Masny et al., 2005; Shaw and Larson,
2005; Zhang et al., 2005; Żurawicz et
al., 2006). To design an efficient
breeding program, genetic variance
components and heritability coef-
ficients (h2) in a reference population
(breeding material or gene pool, in
which selection and mating processes
are made) are also very useful.

Heritability coefficient determines
how much of the differences in
phenotypic expression of a trait on
selection units are as due to their genetic
effects (Falconer and Mackay, 1996;
Souza et al., 1998; Annicchiarico et al.,
2000; Muszyński et al., 2000; Bolaños-
Aguilar et al., 2002; Holland and
Cervantes-Martinez, 2003; Shaw and
Larson, 2005). It reflects a relationship
between phenotypic and genotypic
values of selection units. This measure
is usually applied by geneticists and
plant breeders to assess in what extent
the phenotypic variation of a trait in
a population is affected by genetic
effects and, then, is explained by their
variation. Due to different selection
units which are usually used in
a breeding program, various heritability
coefficients for these units can be
defined (Muszyński et al., 2000;
Bolaños-Aguilar et al., 2002; Holland
and Cervantes-Martinez, 2003;
Toker, 2004). Their values depends
on magnitude of genetic and environ-
mental variance components.

It is also useful to determine the
degree of linear interrelationships
(correlations) between individual traits
in the breeding material to ensure if
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studied traits are affected simultane-
ously by genes and/or environmental
conditions in the gene pool and the
target environment. This information is
useful in predicting how a breeding
gain in one trait will affect also a gain
in the other traits included in the
breeding program (Hortyński, 1989;
Falconer and Mackay, 1996; Mądry et
al., 2000; León et al., 2004; Shaw and
Larson, 2005; Holland, 2006). Pheno-
typic, genetic and environmental
correlations among traits can be
defined using respective simple
correlation coefficients (Searle, 1961;
Lacey, 1973; Souza et al., 1998;
Mądry et al., 2000; Muszyński et al.,
2000; Shaw and Larson, 2005;
Holland, 2006). Estimation of the all
correlation coefficients mentioned
above is relatively easy and commonly
known when using a complete data set
(Searle, 1961; Falconer and Mackay,
1996; Mądry et al., 2000; Muszyński
et al., 2000; Bolaños-Aguilar et al.,
2002). Estimation of the correlation
coefficients on the basis of an
incomplete classified data set is
difficult from both theoretical and
numerical points of view (Holland,
2006). Estimation procedures for such
cases have recently been suggested by
Holland (2006). They use multivariate
REML methods and also variance and
covariance component estimators for
considered effects. Phenotypic, genetic
and environmental correlations deliver
useful and complementary information
on the interrelationships among studied
traits for different kinds of effects (at
different levels of variation sources
affecting traits). Therefore, each of
them is recommended to be estimated
and interpreted in genetic and breeding
researches.

Phenotypic and genetic (mole-
cular) diversity in the most important
Fragaria species has been studied by
researchers in the United States and
Canada (Lacey, 1973; Shaw, 1991;
Harrison et al., 1997, 2000; Catling
and Porębski, 1998; Shaw and Larson,
2005). These studies have yielded
valuable information which can be
used to establish a core strawberry
collection in North America. In
Poland, strawberries are a widely
grown small fruit crop using cultivars
developed by Polish breeders and in
different countries around the world
(Żurawicz and Masny, 2005). Polish
strawberry geneticists and breeders
have studied variability in their
germplasm of the species and develop-
ed many cultivars that are well adapted
to agro-ecological conditions of
Central Europe and very productive
in this growing area (Hortyński, 1989;
Masny et al., 2005; Żurawicz and
Masny, 2005; Żurawicz et al., 2006).
In order to increase an extent of
diversity available to geneticists and
breeders to improve their breeding
material a strawberry germplasm
collection has been established in the
Research Institute of Pomology and
Floriculture in Skierniewice, Poland.

The objective of this study was to
quantify patterns of phenotypic
diversity in a germplasm strawberry
collection consisted of 117 accessions
(clones). The study was undertaken to
assess variability and the phenotypic,
genotypic and environmental correla-
tions among twenty-eight important
traits.

MATERIAL AND METHODS

Material. The strawberry acces-
sions studied were part of the straw-
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berry germplasm collection belonging
to the Research Institute of Pomology
and Floriculture in Skierniewice,
Poland. The collection consists of 153
cultivars and breeding clones of
Fragaria × ananassa (Duch.). At the
beginning of October, 2002, twelve
plants of each genotype were planted
in the test field 0.25 x 1.0 meters apart
in separate beds. The recorded 28 traits
include attributes of growth, develo-
pment, yield, fruit quality and
resistance to the most important
strawberry diseases. These traits were
observed on one plot for each
genotype during three fruit-bearing
seasons from 2001 to 2003 using a rate
scale from 1 to 9 or rarely 1 to 7 (larger
scores of each trait determine larger
level of its expression according to it
definition). Most of these traits were
quantitative in nature, being mostly
continues. However, from practical
reasons, they were observed using
a rate scale in which the quantitative
expression was respectively appro-
ximated. The input data for each trait
were arranged in an incomplete two-
way genotype x year classification
(some genotypes have been observed
only in two years). The data set was
limited to those genotypes in which the
traits under study were observed in at
least two of the three years. In rare
cases, not all of the traits were
observed in each of the genotypes in a
particular year. Then, classification of
traits x genotype and years
combinations was a bit incomplete.
The traits chosen to analyses are
presented in Table 2.

Statistical methods. Statistical
analyses were carried out separately
for each the τ-th trait studied

( 1, ,k  ) according to the
ANOVA random model (Mądry,
1993; Rotondi et al., 2003; León et
al., 2004; Xu et al., 2006):

ij i j ijy m g r e    (1)

where: ijy is a response trait value
observed for the i-th genotype (i= 1, ...,
a) in the j-th year (j= 1, ...,b), m is the
general mean, ig is the random main

effect of the i-th genotype, jr is the
random main environment effect of the
j-th year, and ije is the random

residual containing the genotype 
year interaction effect and the experi-
mental error.

The variance components of the
effects in the model (1) were
estimated by the REML method
using VARCOMP procedure of the
SAS software package (Searle, 1987;
Littell et al., 1996; SAS Institute,
2002; Holland and Cervantes-
Martinez, 2003). Using the variance
component estimates, heritability
coefficients for the three-year
phenotypic mean of clones, h2, were
calculated for each trait according to
the general formula in which
b denotes the number of years
considered (Falconer and Mackay,
1996; Muszyński et al., 2000,
Bolaños-Aguilar et al., 2002;
Holland and Cervantes-Martinez,
2003; León et al., 2004; Upadhyaya
et al., 2005):
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where: 2
ĝ , 2

ê and 2
p̂ are variance

components of genotypic effects, the
residuals, and the variance of
genotypic means across b years.

Statistical analysis was also
carried out according to the multi-
variate linear random model
(MANOVA model) for all traits
studied (Seber, 1984; Khattree and
Naik, 2000; SAS Institute, 2002):

'NY = 1 m + XG + ZR + E (3)

where: Y is the (N×k)-dimensional
observation matrix (k is the number
of response traits, N is the total
number of not empty subclasses in
the two-way data set), m is the k-
dimensional vector of the general
means, G is the (a×k)-dimensional
matrix of the random genotypic
effects, R is the (b×k)-
dimensional matrix of the random
year effects, E is the (N×k)-
dimensional matrix of the residuals,
1N is the (N×1)-dimensional unit
vector, X is the (N×a)-dimensional
design matrix for genotypes, and Z is
the (N×b)-dimensional design matrix
for years.

The model (3) is a modification
of the one-variable model (1) which
can be applied to multivariate
analysis of variance of the k traits
simultaneously in order to estimate
the variance components of all
effects for each trait and the pairwise
covariances among them. These
estimates were calculated using the
MANOVA option of the GLM
procedure in the SAS software
package (Khattree and Naik, 2000;

Bolaños-Aguilar et al., 2002; SAS
Institute, 2002; Shaw and Larson,
2005; Holland, 2006). The least
squares method was used, which is
based on the expected values of the
mean squares and products. The
expected values for the mean squares
calculated by this method are
presented in Table 1.

The least squares estimators of
the variance components are as
follows:
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The estimators for the covariance
components can be calculated as
follows:
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The phenotypic correlation
coefficients, pr , for traits and ’ (,

’ = 1, 2, ..., k) of genotypes in
a reference population were
determined as the simple correlation
coefficients between across year
phenotypic means of the both traits
(Searle, 1961; Lacey, 1973; Hortyński,
1989; Falconer and Mackay, 1996;
Muszyński et al., 2000). The pheno-
typic correlation coefficients between
three-year means of genotypes were
estimated according to the general
formula in which b denotes the
number of years as in heritability
coefficient (2):
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T a b l e 1 . Expected values for the mean squares and products for one-variable and
multi -variable analysis of variance (ANOVA and MANOVA) according to the
random model for incomplete genotype × year data set

Source of
variance df MS MCP E(MS) E(MCP)

Genotypes
(G) a-1 

2
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ª k1 and k2 represent the coefficients calculated separately for each trait (the incompleteness of the data for
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The genotypic correlation coef-
ficients, gr , for traits and ’ are
measures of the simple correlation
coefficients between the unobser-
vable genotypic effects for the both
traits. Their estimators have the
following form (Searle, 1961;
Hortyński, 1989; Falconer and
Mackay, 1996; Muszyński et al.,
2000; Shaw and Larson, 2005;
Holland, 2006):
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The environmental correlation
coefficients are measures of the simple

correlation between the unobservable
residuals for the traits and ’. They
were estimated according to the
following formula (Searle, 1961;
Hortyński, 1989; Falconer and
Mackay, 1996; Muszyński et al.,
2000):
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RESULTS AND DISCUSSION

The variance components calcu-
lated for the traits studied are
presented in Table 2. For most of the
traits the values of the genotypic
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T a b l e 2 . The variance components and coefficients of heritability for each of the
twenty-eight traits studied in the strawberry germplasm collection

Trait ̂ 2
ĝ 2

r̂ 2
ê 2h

Plant habit 5.22 0.27 0.00 1.28 0.39
Plant vigour 4.85 0.57 0.00 1.10 0.61
Plant density 5.36 0.65 0.05 1.00 0.66
Number of flowers per inflorescence 5.36 0.38 0.00 1.37 0.46
Position of inflorescence
relative to foliage 4.18 0.43 0.05 0.70 0.65
Type of flower 3.01 0.01 0.00 0.01 0.74
Anther quality of first flower 3.81 0.40 0.37 1.25 0.49
Time of flowering 4.39 1.67 0.11 1.07 0.82
Fruit size 4.65 0.75 0.11 1.13 0.67
Uniformity of fruit size 4.34 0.24 0.02 1.54 0.31
Uniformity of fruit shape 5.06 0.49 0.01 1.90 0.44
Insertion of calyx 5.48 0.78 0.17 1.11 0.68
Calix size 4.97 0.69 0.14 1.01 0.67
Skin color 5.14 0.44 0.01 0.51 0.72
Fruit glossiness 6.05 0.35 0.09 0.94 0.53
Flesh color 4.57 1.30 0.03 1.33 0.75
Uniformity of flesh color 5.53 0.82 0.04 1.54 0.61
Firmness 4.75 3.12 0.00 1.62 0.85
Achene position 3.89 0.33 0.14 0.62 0.62
Achene color 3.84 0.12 0.13 0.51 0.41
Adherence of calyx 5.10 1.73 0.04 1.45 0.78
Fruit flavor 5.02 0.39 0.00 1.66 0.42
Fruit sweetness 5.40 0.27 0.00 1.31 0.38
Fruit acidity 5.77 0.12 0.08 1.26 0.22
Susceptibility to leaf spot 1.90 0.28 0.92 1.49 0.36
Susceptibility to leaf scorch 3.85 0.58 0.40 2.26 0.44
Susceptibility to powdery mildew 4.76 1.12 0.29 1.80 0.65
Fruit yield 4.55 0.94 0.16 1.59 0.64

̂– estimator of the general mean;
2
ĝ ,

2
r̂ ,

2
ê – estimators of variance components for gentotypic,

year and environmental effects, respectively;
2h – coefficient of heritability
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variance components, 2
ĝ , were

several times higher than the values
of the variance components of the
year effects, 2

r̂ . Therefore, the year
effects for the considered traits were
usually more uniform than the
genotypic effects. Achene color and
susceptibility to leaf scorch were
exceptions to this rule. For anther
quality of first flower and suscepti-
bility to leaf scorch the both variance
components were similar. It means
that in the strawberry germplasm
collection genotypic variation for
many important traits is substan-
tially large. Then, one may expect
that this collection could be a source
of valuable genes affecting attributes
being an objective of strawberry
breeding programs in Poland (Hor-
tyński, 1989; Żurawicz and Masny,
2005) .

The heritability coefficients were
higher than 0.6 for sixteen of the
twenty-eight traits studied. The highest
heritability coefficients were identified
for time of flowering, type of flower,
fruit firmness, adherence of calyx,
flesh color and skin color. The
relatively high heritability coef-
ficients for these traits reflect the
close agreement between their
phenotypic three-year means and
genotypic values for the genotypes in
a population of genetically diverse
clones represented by this collection.
On the other hand, low heritability
coefficients were recorded for traits
connected with taste and fruit quality,
such as flavor, sweetness, acidity and
uniformity of fruit size in the same
harvest. Low heritability coefficients
were also found for susceptibility to
leaf spot and leaf scorch. The relatively

low heritability coefficients for these
traits reflect the weak agreement
between their phenotypic and geno-
typic values for the clones in the
collection.

The phenotypic correlation cor-
relations are presented in Table 3.
Among the fruit quality traits, the
strongest positive correlations were
found between flavor and sweetness,
between skin color and flesh color, and
between flesh color and uniformity of
flesh color. On the other hand, strong
negative phenotypic correlations were
found between fruit firmness and
adherence of calyx, and between skin
color and fruit glossiness. In an earlier
study, there were strong negative cor-
relations between fruit mass and
adherence of calyx and between fruit
firmness and adherence of calyx
(Hortyński, 1989). Yield was positiv-
ely correlated at the phenotypic level
(for the three-year means of
genotypes) with both vegetative
growth traits and reproductive traits
such as plant vigour, plant density,
number of flowers per inflorescence,
and anther quality of first flower.
Yield was also negatively correlated
with fruit traits such as size,
glossiness and flesh color. In earlier
studies, strong positive phenotypic
and genotypic correlations were
found between fruit yield on the one
hand, and plant vigor, plant density,
number of flowers per inflorescence,
number of flowers, and fruit size on
the other (Lacey, 1973; Webb et al.,
1974; Guttridge and Anderson, 1981;
Nielson and Eaton, 1983; Olsen et
al., 1985; Strik and Proctor, 1988).

The genotypic correlation coef-
ficients are presented in Table 4. The
values for the genotypic correlation
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coefficients were similar as for the
phenotypic ones. The maximum dif-
ference between the absolute values
for the phenotypic and genotypic
correlation coefficients was never
greater than 0.1. Therefore, those pairs
of traits which are correlated at the
phenotypic level can be presumed to
be also correlated at the genotypic
level (for genetic effects), although
further testing is necessary to confirm
this presumption.

The environmental coefficients of
correlation are presented in Table 5.
The absolute values for these
parameters were lower than the
absolute values for the phenotypic
and genotypic correlation coefficients.
The highest absolute values for
environmental correlation coefficients
were found for those pairs of traits
with the highest absolute values for the
phenotypic and genotypic coefficients.
These results indicate that patterns of
simultaneous affecting the consi-
dered strawberry attributes by both
environmental and genotypic factors
(sources of variation) seem to be
rather similar.

All pairs of highly heritable traits,
except for flavor and sweetness, were
also correlated similarly at both
phenotypic and genotypic levels.
These close consistency of phenotypic
and genotypic correlation coefficients
result from that the phenotypic means
of genotypes for highly heritable traits
are close to their unobservable geno-
typic values (genotypic effects).
Therefore, correlations between phe-
notypic means and genotypic values
for highly heritable traits have similar
pattern. Our results (Tab. 3 and 4)
illustrate well empirically the known
genetic and statistical theory (Searle,

1961; Falconer and Mackay, 1996;
Annicchiarico et al., 2000; Muszyński
et al., 2000)

CONCLUSIONS

In the strawberry germplasm
collection studied in the work
genotypic variation for many impor-
tant traits is substantially large. Of
the twenty-eight strawberry traits
studied, the most heritable were time
of flowering, type of flower, fruit
firmness, adherence of calyx, flesh
color and skin color. The traits with
the lowest heritability were fruit
flavor, uniformity of fruit size in the
same harvest, susceptibility to
leafspot, and susceptibility to leaf
scorch. Yield was quite highly
heritable.

The estimates of three kinds of
correlation coefficients were similar
for all pairs of the considered traits.
These results indicate that patterns of
simultaneous affecting the consi-
dered strawberry attributes by both
environmental and genotypic factors
seem to be rather similar. Most pairs
of the traits studied were only weakly
correlated. The strongest positive
phenotypic and genotypic cor-
relations were found between the
following pairs of traits: flavor and
sweetness; flesh color and uniformity
of flesh color; flesh color and skin
color; yield and plant vigor; yield
and plant density; yield and number
of flowers per inflorescence; yield
and anther quality of first flower; and
yield and fruit size.

Most pairs of highly heritable traits
were similarly correlated at both
phenotypic and genotypic levels. It
illustrates well empirically the known
genetic and statistical theory.
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T a b l e 3 . Phenotypic correlation coefficients for twenty-eight traits in the
strawberry germplasm collection consisted of 117 genotypes
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Plant density 0.15 -0.03 0.07 0.13 -0.09 0.13 0.01 0.08 0.11 0.13

Number of flowers per inflorescence 0.29 0.08 0.11 -0.12 0.12 0.04 0.21 -0.01 0.02
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Type of flower -0.06 -0.02 -0.07 0.04 0.15 0.06 0.07
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Time of flowering 0.00 0.06 0.08 0.02 -0.07

Fruit size 0.10 -0.01 -0.14 -0.04

Uniformity of fruit size 0.25 -0.07 -0.05

Uniformity of fruit shape 0.12 -0.02

Insertion of calyx 0.09

Calix size

Skin color

Fruit glossiness

Flesh color

Uniformity of flesh color

Firmness

Achene position

Achene color

Adherence of calyx

Fruit flavor

Fruit sweetness

Fruit acidity

Susceptibility to leaf spot

Susceptibility to leaf scorch

Susceptibility to powdery mildew

*, **significant correlations at P=0.05 or 0.01 respectively
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0.03 0.01 0.05 -0.03 -0.04 0.09 -0.11 0.00 0.03 0.11 0.04 -0.01 0.02 -0.01 0.10

0.02 0.17 0.05 -0.10 0.01 -0.09-0.17 0.01 0.03 0.07 0.09 0.02 -0.20* 0.14 0.51**

0.12 0.00 0.15 -0.16 -0.09 -0.04-0.09 0.09 -0.01 0.08 0.08 0.21*-0.12 0.10 0.47**

0.12 0.00 0.13 -0.02 -0.19* -0.01 0.01 0.16 -0.01 0.04 0.02 0.12 -0.27** 0.03 0.43**

-0.01 0.13 -0.08 -0.06 -0.04 0.09 0.10 0.04 0.04 -0.06 -0.06-0.01 0.11 -0.02 -0.08

0.12 0.01 0.10 0.04 -0.05 0.14 0.18* 0.06 0.00 -0.04 -0.04 0.06 0.09 -0.04 0.08

0.04 0.22* 0.08 -0.06 0.09 0.04 -0.17 -0.02 0.12 0.15 0.11 -0.05 -0.04 0.15 0.34**

0.08 0.13 0.07 -0.10 0.34** 0.11 -0.07 -0.28**-0.09 -0.05 0.10 -0.08 0.05 0.18* 0.14

-0.03 0.36** 0.06 -0.06 0.43**-0.05-0.23**-0.39**-0.06 -0.12 0.08 0.01 0.16 0.16 0.31**

-0.11 0.20* -0.05 -0.04 0.16 0.16 -0.09 -0.01 0.01 0.00 0.11 -0.03 0.01 0.14 -0.06

-0.11 0.18* -0.11 0.01 0.16 0.07 -0.06 0.06 0.18* 0.09 -0.02-0.11 0.04 0.13 -0.07

-0.13 0.04 -0.10 0.00 -0.03 0.00 -0.10 0.29** 0.25** 0.31**-0.07-0.12 0.02 0.07 0.07

0.00 -0.11 0.01 0.05 -0.04 -0.01-0.05 0.02 0.01 0.00 -0.04 0.03 0.00 -0.08 -0.03

-0.47** 0.58** 0.12 0.01 0.03 0.08 -0.07 0.05 -0.06 0.11 0.06 0.08 -0.08 0.08

-0.15 -0.06 0.23**-0.14-0.21* -0.13 -0.01 0.09 0.08 -0.09 -0.01 0.13 0.22*

0.50** 0.12 -0.17-0.11 -0.11 0.09 -0.01 0.17 0.11 0.01 -0.09 -0.18*

-0.01 -0.17-0.01 0.07 0.06 -0.02 0.04 -0.03 -0.06 -0.11 0.02

-0.12-0.31**-0.64**-0.12 -0.11 -0.04-0.07 0.12 0.09 -0.01

-0.01 0.06 0.01 -0.01 -0.11-0.18* 0.10 -0.01 -0.10

0.22* -0.04 -0.02 -0.11 0.14 0.05 -0.06 -0.26**

0.18* 0.20* -0.05 0.03 -0.10 -0.04 -0.03

0.78**-0.08 0.00 0.19* 0.00 -0.09

-0.13-0.06 0.13 -0.01 -0.04

0.14 -0.03 0.05 0.13

0.00 -0.15 0.12

0.15 -0.16

0.06
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T a b l e 4 . Genotypic correlation coefficients for twenty-eight traits in the
strawberry germplasm collection consisted of 117 genotypes
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Plant habit 0.05 0.31 0.08 -0.15 -0.11 0.19 0.08 -0.02 0.15 -0.02 0.01 -0.07

Plant vigour 0.52 0.49 0.07 -0.06 0.38 0.22 0.32 0.05 0.05 0.03 -0.05

Plant density 0.52 -0.10 0.03 0.41 0.29 0.16 0.05 -0.14 0.03 -0.09

Number of flowers per inflorescence 0.19 0.17 0.28 0.00 -0.03 -0.05 -0.17 -0.06 0.10

Position of inflorescence relative to foliage 0.17 0.08 -0.04 0.06 0.10 0.19 0.01 0.11

Type of flower 0.06 0.12 -0.01 0.10 -0.02 -0.05 0.04

Anther quality of first flower 0.27 0.32 0.15 0.09 0.13 0.09

Time of flowering 0.47 0.18 0.14 -0.08 -0.07

Fruit size 0.09 0.06 -0.14 -0.09

Uniformity of fruit size 0.34 0.09 -0.18

Uniformity of fruit shape 0.29 0.11

Insertion of calyx 0.09

Calix size

Skin color

Fruit glossiness

Flesh color

Uniformity of flesh color

Firmness

Achene position

Achene color

Adherence of calyx

Fruit flavor

Fruit sweetness

Fruit acidity

Susceptibility to leaf spot

Susceptibility to leaf scorch

Susceptibility to powdery mildew
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0.08 0.01 0.07 -0.03 -0.04 0.12 -0.11 -0.03 0.09 0.19 0.03 -0.02 0.03 -0.02 0.13

-0.03 0.22 0.03 -0.13 0.01 -0.07 -0.23 0.01 0.03 0.10 0.16 0.04 -0.22 0.17 0.53

0.13 0.02 0.16 -0.21 -0.10 -0.02 -0.12 0.12 -0.01 0.12 0.10 0.25 -0.13 0.13 0.50

0.14 0.01 0.15 -0.03 -0.22 0.03 -0.01 0.19 -0.05 0.05 0.00 0.15 -0.32 0.04 0.50

-0.04 0.17 -0.10 -0.09 -0.04 0.18 0.08 0.03 0.06 -0.09 -0.07 -0.04 0.16 -0.01 -0.08

0.16 -0.01 0.13 0.06 -0.06 0.16 0.21 0.06 0.00 -0.05 -0.07 0.09 0.14 -0.04 0.09

0.01 0.26 0.10 -0.11 0.12 0.09 -0.23 0.00 0.12 0.20 0.11 -0.08 -0.03 0.19 0.36

0.11 0.15 0.08 -0.11 0.37 0.11 -0.08 -0.32 -0.11 -0.06 0.09 -0.11 0.05 0.20 0.17

-0.07 0.43 0.06 -0.06 0.48 -0.05 -0.27 -0.44 -0.11 -0.17 0.07 0.03 0.22 0.21 0.32

-0.13 0.24 -0.07 -0.05 0.18 0.23 -0.15 -0.01 0.05 0.02 0.09 -0.06 0.01 0.18 -0.05

-0.13 0.20 -0.13 0.02 0.18 0.10 -0.11 0.04 0.21 0.10 -0.09 -0.19 0.06 0.14 -0.09

-0.12 0.01 -0.09 -0.02 -0.04 -0.01 -0.10 0.32 0.29 0.37 -0.15 -0.15 0.02 0.08 -0.10

0.00 -0.12 0.01 0.06 -0.05 0.02 -0.10 0.02 0.03 0.02 -0.07 0.06 -0.02 -0.09 -0.03

-0.52 0.62 0.13 0.02 0.03 0.06 -0.07 0.06 -0.06 0.15 0.07 0.13 -0.09 0.06

-0.18 -0.09 0.27 -0.15 -0.25 -0.19 -0.08 0.05 0.11 -0.07 -0.04 0.17 0.23

0.53 0.15 -0.20 -0.15 -0.14 0.08 -0.05 0.20 0.15 0.01 -0.11 0.22

0.01 -0.20 -0.02 0.07 0.07 -0.03 0.05 -0.02 -0.07 -0.11 0.02

-0.13 -0.36 -0.68 -0.12 -0.12 -0.06 -0.09 0.12 0.11 -0.02

0.02 0.07 0.00 -0.01 -0.13 -0.20 0.12 0.00 -0.09

0.27 -0.07 -0.06 -0.07 0.15 0.07 -0.08 -0.29

0.21 0.23 -0.09 0.03 -0.17 -0.04 -0.02

0.80 -0.11 0.00 0.25 0.00 -0.12

-0.18 -0.07 0.15 -0.01 -0.06

0.20 -0.08 0.06 0.16

-0.05 -0.18 0.17

0.13 -0.19

0.05
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T a b l e 5 . Environmental correlation coefficients for twenty-eight traits in the
strawberry germplasm collection consisted of 117 genotypes
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Plant habit -0.08 0.19 -0.02 -0.18 0.10 -0.11 -0.12 -0.24 0.04 0.00 0.08 -0.02

Plant vigour 0.47 0.17 0.05 0.04 0.16 0.08 0.25 0.00 -0.13 -0.12 0.04

Plant density 0.15 -0.03 0.07 0.13 -0.09 0.13 0.01 0.08 0.11 0.13

Number of flowers per inflorescence 0.29 0.08 0.11 -0.12 0.12 0.04 0.21 -0.01 0.02

Position of inflorescence relative to foliage -0.02 -0.07 -0.13 0.00 -0.04 0.07 -0.13 0.06

Type of flower -0.06 -0.02 -0.07 0.04 0.15 0.06 0.07

Anther quality of first flower 0.02 0.22 -0.03 -0.02 0.04 -0.08

Time of flowering 0.00 0.06 0.08 0.02 -0.07

Fruit size 0.10 -0.01 -0.14 -0.04

Uniformity of fruit size 0.25 -0.07 -0.05

Uniformity of fruit shape 0.12 -0.02

Insertion of calyx 0.09

Calix size

Skin color

Fruit glossiness

Flesh color

Uniformity of flesh color

Firmness

Achene position

Achene color

Adherence of calyx

Fruit flavor

Fruit sweetness

Fruit acidity

Susceptibility to leaf spot

Susceptibility to leaf scorch

Susceptibility to powdery mildew
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-0.18 0.01 -0.07 -0.02 -0.05 -0.02 -0.13 0.16 -0.12 -0.10 0.07 0.02 -0.01 0.06 -0.04

0.26 -0.04 0.13 0.05 0.02 -0.17 0.07 -0.01 0.01 0.00 -0.10 -0.06 -0.11 -0.02 0.39

0.07 -0.09 0.08 0.12 0.00 -0.14 0.01 -0.06 -0.02 -0.05 0.02 0.07 -0.08 -0.10 0.27

0.04 -0.04 0.03 0.05 -0.03 -0.19 0.08 0.04 0.11 0.01 0.07 0.01 -0.11 0.01 0.14

0.17 -0.07 0.04 0.09 -0.03 -0.31 0.21 0.11 0.00 0.02 -0.05 0.08 -0.05 -0.02 -0.04

-0.10 0.08 -0.07 -0.06 0.05 0.05 0.05 0.02 -0.01 -0.01 0.04 -0.06 -0.08 -0.01 0.02

0.16 0.05 0.01 0.11 -0.05 -0.16 0.03 -0.11 0.11 0.01 0.09 0.03 -0.09 -0.03 0.26

-0.09 0.03 -0.05 -0.08 0.00 0.10 -0.02 0.10 -0.02 0.01 0.16 0.05 0.04 -0.01 -0.05

0.20 0.06 0.07 -0.05 0.03 -0.03 -0.10 -0.09 0.14 0.06 0.10 -0.08 -0.06 -0.15 0.28

-0.07 0.06 0.06 0.00 0.08 -0.08 0.10 0.00 -0.08 -0.06 0.17 0.07 -0.01 0.01 -0.13

-0.03 0.11 -0.02 0.00 0.06 -0.07 0.08 0.12 0.09 0.06 0.18 0.13 -0.02 0.05 -0.02

-0.20 0.17 -0.14 0.07 0.08 0.03 -0.12 0.10 0.12 0.08 0.18 -0.04 0.00 -0.03 0.06

0.04 -0.04 -0.02 0.00 0.04 -0.12 0.10 0.03 -0.02 -0.05 0.06 -0.05 0.08 -0.01 -0.01

-0.20 0.29 0.06 -0.07 0.02 0.16 -0.08 0.04 -0.06 -0.01 0.03 -0.12 0.04 0.16

-0.03 0.09 -0.03 -0.07 -0.09 0.21 0.19 0.25 0.02 -0.16 0.11 -0.09 0.16

0.34 -0.19 -0.01 0.03 0.14 0.14 0.12 0.04 -0.02 0.03 0.03 0.01

-0.22 -0.05 0.01 0.06 0.03 0.05 0.00 -0.06 -0.01 -0.06 0.00

-0.07 -0.08 -0.18 -0.14 -0.12 0.06 0.08 0.13 -0.05 0.07

-0.10 -0.03 0.02 0.01 -0.03 -0.12 0.02 -0.04 -0.17

-0.02 0.07 0.12 -0.22 0.09 0.00 0.05 -0.15

0.07 0.09 0.10 0.06 0.26 0.00 -0.08

0.72 -0.01 -0.01 0.01 -0.03 0.00

-0.01 -0.03 0.08 -0.02 0.02

0.00 0.10 -0.01 0.03

0.16 -0.02 -0.04

0.22 -0.05

0.07
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ZMIENNOŚĆI WSPÓŁZALEŻNOŚĆCECH
UŻYTKOWYCH W KOLEKCJI ZASOBÓW GENOWYCH

TRUSKAWKI (Fragaria × ananassa Duch.)

Joanna Ukalska, Wiesław Mądry, Krzysztof Ukalski,
Agnieszka Masny i Edward Żurawicz

S T R E S Z C Z E N I E

Badano zmiennośći współzależność28 cech użytkowych truskawki na podstawie
obserwacji 117 genotypów w kolekcji truskawki zgromadzonej w Instytucie
Sadownictwa i Kwiaciarstwa w Skierniewicach. Rozpatrywano zarówno cechy
wegetatywne, opisujące wzrost roślin, jak i generatywne, opisujące jakośći wielkość
plonu, a także cechy odporności na najważniejsze choroby truskawki. Dla obserwacji
badanych cech wykonano wielowymiarową analizę wariancji według modelu
losowego klasyfikacji genotypy × lata. Oszacowano komponenty wariancyjne dla
wszystkich cech i kowariancyjne dla ich par, dotyczące zarówno efektów
genotypowych, jak i reszt (błędu). Wyznaczono współczynniki korelacji fenotypowej
(średnich cech genotypów obliczonych z b lat) oraz korelacji genotypowej i reszt
(środowiskowych).

Słowa kluczowe: korelacje fenotypowe, korelacje genotypowe, korelacje
środowiskowe; truskawka, wielowymiarowa analiza wariancji, zasoby genowe,
zróżnicowanie fenotypowe


