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ABSTRACT

In this paper assessment of the phenotypic diversity in 40 blackcurrant (Ribes ni-
grum L.) cultivars was presented. The cultivars were from the breeding (working)
collection, and originated from over a large geographical range. Bushes of the geno-
types in the working collection were planted in autumn of 2004 in the Experimental
Orchard in Dabrowice, near Skierniewice, belonging to the Fruit Breeding Depart-
ment of the Research Ingtitute of Pomology and Floriculture. Observations of 17
agronomical traits collected during the two years of 2007-2008 were analyzed. Two
multivariate methods were used, i.e. principal component analysis (PCA) and cluster
analysis (CA) using Ward’'s method and the square of the Euclidean distance. The
first three PCs explained about 56% of the multi-trait variation among the cultivars,
and the first two accounted for about 39% of the multi-trait variation. There was a
high correlation of the two phenological traits, fruit size and firmness of fruit skin
with PC1. This correlation represents the most important genetic common factor that
could be called, “Ripening time driving fruit size and firmness”. The PC2 was mostly
correlated with number of basal shoots and fruit yield per plant. It represents the sec-
ond common factor called, “Plant architecture affecting fruit productivity”. Traits
such as ripening time, fruit size and firmness, number of basal shoots, fruit yield per
plant, as well as susceptibility to diseases and pests are the most discriminating po-
mological attributes that mainly contribute to overall phenotypic diversity of the
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blackcurrant cultivars. The cultivars were divided into five distinct clusters. Distribu-
tion of the cultivars in two PCs coordinates allowed us to find the existing rich diver-
sity for the studied traits. Such diversity proves, that the characterized blackcurrant
cultivar collection has high potential for specific breeding goals. The cultivars in-
cluded in the diverse clusters could be promising parents with complementary levels
of the most discriminating traits. They should be used for hybridization in order to
obtain a high heterotic response. This response would substantially contribute to the
blackcurrant breeding programs.

Key words: blackcurrant, Ribes nigrum L., working collection, cultivar diversity,
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INTRODUCTION

The blackcurrant (Ribes nigrum
L.) is an important fruit crop culti-
vated in Poland and Northern and
Central Europe. Presently, it is aso
commercially produced in moderate
temperate regions encompassing
many countries of the world. The
Research Institute of Pomology and
Floriculture (RIPF) in Skierniewice,
Poland has been carrying out breed-
ing programs oriented towards re-
leasing new blackcurrant cultivars
useful for the production of fruits for
fresh consumption (desert cultivars)
and fruits suitable for processing and
freezing (industrial cultivars). It is
required that new cultivars be winter
hardy and tolerant to spring frosts,
resistant to the main Ribes diseases
and pests, as well as well adapted to
the variable environments across
Poland and across a large range of
areas (Pluta and Zurawicz, 1993,
2002; 2009; Pluta, 1999; Zurawicz et
al., 2000). To meet the challenges for
crop improvement, efforts are re-
quired to widen the genetic base of
the species. Enlarging the base may
be done by collecting, conserving
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and characterizing germplasm
throughout the world. This activity is
very important because of the ero-
sion of blackcurrant genetic diversity
(as with al cultivated species), due
to development of modern cultivars
adapted to conventional production
systems (Pluta and Zurawicz, 2002,
2009).

The blackcurrant germplasm (ge-
netic resources) collections and
working collections established dur-
ing the last few decades in Europe
include commercia cultivars, breed-
ing selections, landraces and wild
species (Pluta, 1999; Lanham et 4d.,
1995; Grzyb, 2004; Hjamarsson and
Wallace, 2004). These collections are
valuable sources of genes which are
much needed in breeding programs
performed in Poland and other coun-
tries (Pluta and Zurawicz, 1993,
2002, 2009; Lanham et al., 1995;
Pluta, 1999; Brennan and Gordon,
2002; Kuras et a., 2002; Grzyb,
2004; Hjamarsson and Wallace,
2004). On the other hand, there is
limited information on the global
evaluation of genetic and phenotypic
diversity for pomological attributes
in blackcurrant species (Lanham et a.,
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1995; Pluta, 1999; Kuras et al., 2002;
Madry et a., 2004). The collected
germplasms need to be charaderized
for their genetic and phenotypic di-
versity which forms the perspective
rav  material of plant breeding
(Lanham et d., 1995; Wigacha & 4.,
2001; Brennan and Gordon, 2002; K u-
ras et d., 2002, Martinez-Cavo et d.,
2008; Nikalic et d., 2010).

Characterization of diversity for
phenotypic traits in a plant germ-
plasm collection or other sample of
genetic entries involves 1) asses
ment of phenotypic structure and
variation patterns, 2) identifying the
traits which contribute the most to
the total diversity in the collection of
accessons and then, the most dis-
criminative attributes in the set of
genotypes 3) establishing groups of
accessions with similar levels of
studied traits (potentialy heterotic
groups), 4) describing homogenous
group profiles for studied traits, fo-
cused on the most discriminative
traits (Hillig and lezzoni, 1988; Peet-
ers and Martinelli, 1989; lezzoni and
Pritts, 1991; Badenes et al., 2000;
Sieczko et d., 2004; Madry, 2007,
Martinez-Calvo et a., 2008; Ruiz
and Egea, 2008; Nikolic et a., 2010).
This could facilitate sustainable utili-
zation of the genotype collection for
hybridization in the breeding pro-
grams and also to establish a core
collection.

The Fruit Breeding Department
of the RIPF in Skierniewice, Poland
has maintained the working collec-
tion of 100 blackcurrant genotypes,
including cultivars and advanced
breeding selections, in its field gene
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bank. These genotypes need to be
characterized and evaluated for ge-
netic and phenotypic diversity to
assess their breeding value. Charac-
terization and evaluation help facili-
tate further selection for hybridiza-
tion in breeding programs with dif-
ferent goals.

The objective of the study was to
assess the diversity for agronomic
(pomological) traits in 40 blackcur-
rant cultivars maintained in the field
collection. The objective includes the
evaluation of the potential traits for
the breeding of modern cultivars.
There is a relatively high number of
cultivars evaluated in the working col-
lection. These cultivars come from
different genetic and geographic ori-
gins They could provide valuable
information on the breeding potentia
of blackcurrant species.

MATERIAL AND METHODS

Plant material. A working col-
lection (ex situ) of 100 blackcurrant
(Ribes nigrum L) genotypes was
established in 2004 at the Fruit
Breeding Department of the RIPF in
Skierniewice, Poland. This collection
includes cultivars and advanced
breeding selections in itsfield collec-
tion. It islocated in the Experimental
Orchard at Dabrowice near Skier-
niewice. Observations of pomologi-
cal traits, being the subject of the
studies reported in this paper, were
recorded on 40 cultivars (Tab. 1). These
were cultivars chosen on the basis of
three criteria, i.e. differentiation of geo-
graphic origin, genetic (at DNA
markers) and phenotypic diversity,
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Table 1. List of the tested blackcurrant cultivars, their geographic origins and as-
signing to a homogenous group identified by cluster analysis

Country Country
. L Group . L Group
No. Cultivar of origin number No. Cultivar of origin number
. . . Mingj .
1 |Almia Lithuania 1 21 Semyriew Russia 5
Nor de
2 |BenAlder UK 2 22 Bourgunde France 4
3 | Ben Connan UK 3 |23 |OQjebyn Sweden 1
4 |BenGairn UK 1 24 | Ores Poland 3
UK Pamiat :
5 |BenHope 2 25 Miczurina Russia 5
6 |BenLomond UK 2 26 | Pilieniai Lithuania 1
7 | Ben Sarek UK 1 27 PllotA. Russia 5
Mamkin
8 |BenTirran UK 2 |28 |Poezja Russia 5
9 |Consort Canada 4 29 | Ruben Poland 3
10 | Czereszniewa Ukraine 1 30 | Sanjuta Ukraine 1
. L . Sjuta ]
11 | Dlinnokistngja Russia 4 31 Kijewskaja Ukraine 1
12 | Docz Altga Russia 5 32 | Sofijewskga Ukraine 1
13 | Foxendown UK 4 33 | Szachalewskgja | Russia 5
14 | Gofert Poland 3 |34 |Teneh gf;‘:h 4
15 Gotubka Russia 5 35 | Tiben Poland 3
16 | Joninia Lithuania 1 36 |Tines Poland 1
17 | JubilenngjaKopania | Ukraine 3 37 |Tisd Poland 3
18 |Kadticiai Lithuania 1 38 |Titania Sweden 3
19 |Legenda Russia 5 |39 |Triton Sweden 1
20 | Lentsi Russia 1 |40 |Tsema g;efh 4

for the most important traits for
breeding and cultivation (Badenes et
al., 2000; Bekele et al., 2006). There-
fore, these genotypes could be rec-
ognized as representative of the gene
pool of Ribes nigrum L.
Experimental design. Bushes
were planted in a density of 3.5 x
0.75 m with a space of 1.2 m
between plots. Each genotype was
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represented by 3 plants on a plot. The
collection occupied an area of about
350 m?. The field was uniform in soil
fertility and cultivation conditions.

Traits studied. In the studies,
17 traits such as morphological,
phenological, productive value,
fruit quality and resistance to dis-
eases and pest characteristics were
included (Tab. 2).

J. Fruit Ornam. Plant Res. vol. 18(2) 2010: 23-37
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Table 2. Traits observed in the studied collection of 40 blackcurrant cultivars in

2007 and 2008, and the rating scale range

No. Traits (Codes) Rating scale
1 Time of beginning of flowering (TBF) 3 =-early, 5=medium, 7 = late
2 Time of fruit ripening (TFR) 3 =early, 5= mid-season, 7 = |late
3 No. basal shoots per plant (BNS) 3 =few, 5 =medium, 7 = many
4 Plant height (PH) 3 =short, 5 = medium, 7 = tall
5 Fruit size (FS) 3 =sgmdl, 5=medium, 7 = large
6 Fruit weight (FW) [g/fruit]
7 Firmness of fruit skin (FSK) 3 =soft, 5=medium, 7 = firm
1=very short (1-2 berries); 2 = short (3-5
8 Length of truss (LTR) berries), 3 = medium (6-8 berries), 4 =long

(9-12 berries), 5 = very long (>12 berries)

9 | Vitamin C content in fruit (CVC)

[mg/100g]

10 Susceptibility to powdery mildew
(SPM)

3 =low, 5=medium, 7 = high

11 | Plant vigour (PV)

3 =weak, 5 = medium, 7 = strong

12 | Fruit yied per plant (FY)

3 =low, 5=medium, 7 = high

13 Fruit yield observed per plant (FYO)

[kg/plant]

14 Susceptibility to leaf spot (SLS)

3 =low, 5=medium, 7 = high

Susceptibility to white pine blister rust

(Tetranychus urticae Koch.) (SSM)

15 (SWPBR) 3 =low, 5=medium, 7 = high
Susceptibility to gall mite (Cecido- _ _ . L

16 phyopsis ribis Westw.) (SGM) 3=low, 5= medium, 7 = high

17 Susceptibility to two-spotted spider mite 3= low, 5 = medium, 7 = high

The traits are in nature quantita-
tive but most of them were scored
with three- or five-state ordered dis-
crete variables (rating scale) accord-
ing to the UPOV (International Un-
ion for the Protection of New Varie-
ties of Plants) descriptors — TG/40/6
“Guidelines for the conduct of tests
for distinctness, homogeneity and
stability — Black currant, 1989". The
studied traits were recorded for two
consecutive years 2007-2008 in 40
cultivars on 3 plants per cultivar. The
observations of al pomological traits
were done on individua plants and
the mean scores from 3 plants were
taken for further anaysis. Fruit size
was determined using a ranking
scale, which corresponded to the fruit
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weight assessed as a weight of 100
berries (in grams) randomly picked
from each plant. Fruit yield was first
evauated on a scale by rank, and the
second time as a mean yied harvested
from three plants per plot (kg/plant).
The vitamin C content was measured
in fruits harvested from each genotype
and frozen immediately after harvest.
In the autumn (October-November),
fruits were refrozen and vitamin C
content (mg/100 ml) was measured
using the Reflectometer RQ-Easy and
Merck’ s ascorbic acid test strips.
Statistical analyses. All statisti-
cal analyses were performed for the
means of each trait, calculated on the
basis of raw data from three plants
across the two years. The method of
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analysis involved three stages (Bade-
nes et a., 2000; Mohammadi and
Prasanna, 2003; Sieczko et al., 2004;
Madry, 2007; Martinez-Calvo €t dl.,
2008; Nikolic et al., 2010). Firgt,
descriptive datistics were used to
describe distribution of the studied
traits. Second, principa components
analysis (PCA) was used to identify
the patterns of multi-trait variation in
the collection. PCA first looks for a
linear combination of traits that ex-
tracts maximum variance. Then,
PCA identifies a second linear com-
bination to explain the remaining
variance etc. leading to new uncorre-
lated variables caled PCs or factors.
The PC variation is measured by
associated eigenvalues. Each PC is
such a dimension (a factor), inter-
preted in the category of a subset of
traits which are mostly correlated
with the PCs. PCA is commonly
used to study patterns of variation in
a set of interrelated traits by identify-
ing subsets of traits substantially
correlated to each other. Then, each
subset of such interrelated traits
could be interpreted as observable
expression of acommon factor (here,
genetic factor) simultaneously affect-
ing these variables to a large extent.
Usually, the first few PCs account
for the majority of variaion in tested
units (here cultivars), as measured by
Euclidean distance. Thus, they are
the most important factors separating
the units. Therefore, PCA allows
visuadization of the differences
among units and distinguished ho-
mogenous groups by clustering. In
the paper, PCA was used for the set
of al 17 traits after they were stan-
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dardized. This was done by extract-
ing the means from a value of some
trait for a given cultivar and dividing
the result by the standard deviation.
Varimax type rotation was made.
Next, cluster analysis (CA) using
the Ward's method as agglomeration
rule and the squared Euclidean dis-
tance as a measure of dissimilarity,
was carried out to classify the geno-
types into homogenous groups. Two
multivariate methods, i.e. PCA and
CA are complementary tools in
within-collection diversity charac-
terization. Data processing was per-
formed using the PASW Statistics 18
(formerly SPSS) package (Gatnar,
1995; Anonim, 1999). The analyses
used are also available in SAS, Sta-
tistica and StatGraphics packages.

RESULTS AND DISCUSSION

Summary characteristics. The
tested blackcurrant cultivars were, on
the average, rather early at ripening,
but this attribute showed relatively
high variation (coefficient of vari-
ability). They produced, on average,
high plants with strong vigor and
many basal shoots showing low coef-
ficient of variability, i.e. narrow
range of variation for these traits
(Tab. 4). The cultivars showed, on
average, low but substantially vari-
able susceptibility to powdery mil-
dew and moderate susceptibility to
other diseases and pests. Means of
the other studied traits were at the
medium levels, while time of fruit
ripening, fruit yield per plant and
vitamin C content in fruit showed the
relatively highest variation as meas-
ured by coefficient of variability.
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Table 3. Correlations between the observed traits and the first five principal compo-
nents (PCs) in the collection of 40 blackcurrant cultivars, and variation explained by

these PCs
Traits Principal Components (PCs)

PC1 PC2 PC3 PC4 PC5
Time of flowering 0.89 0.11 -0.03 0.01 0.11
Time of fruit ripening 0.88 0.01 -0.12 0.00 0.00
No. basal shoots per plant 0.00 0.91 0.09 -0.12 -0.07
Plant height 0.18 -0.02 0.07 0.92 0.10
Fruit size -0.67 0.57 -0.03 -0.16 0.17
Fruit weight -0.67 0.54 -0.19 -0.15 0.17
Firmness of fruit skin 0.83 -0.10 0.07 -0.13 0.03
Length of truss -0.20 -0.29 -0.30 0.53 -0.27
Vitamin C content in fruit 0.19 0.30 -0.54 0.07 -0.38
Plant vigour 0.07 -0.02 | -0.03 0.85 0.18
Fruit yield per plant -0.12 0.91 -0.20 -0.02 -0.15
Fruit yield observed per plant -0.01 0.80 -0.41 0.02 -0.19
Susceptibility to leaf spot 0.08 -0.18 0.88 0.16 0.13
Susceptibility to white pine blister rust -0.12 -0.10 0.85 -0.08 -0.25
Susceptibility to gall mite (Cecido-
phyopsis ribis Westw.) 009 | 001 | 081 003 | 028
Susceptibility to two-spotted spider mite
(Tetranychus urticae Koch.) 037 004 0.23 0.64 0.2
Eigenvalue 3.46 3.20 2.88 2.39 1.21
F(’;?portlon of total variance explained 20.33 18.82 16.93 14.06 711

0|

Cumulative Proportion of total variance
explained [%] 20.33 39.15 56.08 70.14 77.25

Principal component analysis.
Using eigenvalue greater than one, as
a measure for significance of a prin-
cipa component (PC), five PCs ex-
tracted about 77% of the total vari-
ance in the 40 blackcurrant cultivars
(Tab. 3). Of these, the first three PCs
explained about 56%, and the first
two accounted for about 39% of the
multi-trait variation.

J. Fruit Ornam. Plant Res. vol. 18(2) 2010: 23-37

Due to substantia high correl a-
tion of the two phenological traits,
fruit size and firmness of fruits with
PC1, this principal component repre-
sents the most important genetic
common factor, affecting the two
phenologica traits of fruit size and
firmness of fruit skin (Tab. 3). This
factor could be called “ripening time
driving fruit size and firmness”.
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Table 4. Summary of characteristics of the observed traits in the collection of 40 blackcurrant cultivars and the means for these traitsin
5 distinguished groups by cluster analysis

All cultivars Cluster means
Traits Codes | s | Sendad | 1 2 3 4 5
deviations

Time of flowering TBF 413 151 36% 3.14 7.00 413 5.67 3.25
Time of fruit ripening TFR 430 1.54 36% 3.29 6.50 450 6.33 3.25
No. basal shoots per plant BNS 6.20 1.04 17% 5.86 6.50 6.00 6.67 6.50
Plant height PH 585 121 21% 6.00 7.00 7.00 4.50 4.88
Fruit size FS 5.18 1.39 27% 6.29 475 5.63 3.00 4.63
Fruit weight FW 108 0.29 27% 1.30 093 1.22 0.69 0.90
Firmness of fruit skin FSK 5.10 1.35 27% 4.29 6.50 488 6.33 5.13
Length of truss LTR 3.05 0.55 18% 3.04 250 313 3.42 3.00
Vitamin C content in fruit CvC 86.35 33.72 39% 70.88 87.73 12768 | 82.90 73.98
Susceptibility to powdery mildew | SPM 3.60 1.22 34% 3.29 4.00 3.00 4.00 4.25
Plant vigour PV 6.23 1.03 16% 6.07 6.00 6.00 6.67 6.50
Fruit yield per plant FY 5.58 1.17 21% 5.93 6.00 7.00 4.33 4.25
Fruit yield observed per plant FYO 149 0.60 40% 1.47 1.64 2.36 0.96 0.99
Susceptibility to leaf spot SLS 495 1.20 24% 5.14 6.00 350 4.67 5.75
ﬁ:’;cep“ bility to white pine blister | gy pgr | 508 1.38 27% | 579 | 650 | 325 | 433 | 550
Susceptibility to gall mite (Cecido- | g 5.10 119 23% | 507 | 650 | 413 | 433 | 6.00
phyopsis ribis W estw.)

Susceptibility to two-spotted spider | o)y 533 1.19 2% | 543 | 500 | 525 | 450 | 6.00
mite (Tetranychus urticae Koch.)
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Negative and positive correlations of
these traits with PC1 show that later
ripening cultivars produced pre-
dominantly smaller fruits and their
fruits were more firm. The smaller
fruits produced by later ripening
cultivars was not related to fruit yield
— the yield of small-fruit and large-
fruit could be both higher and lower.
Smaller (negative) values in Figure 2
for PC1l indicate earlier cultivars
producing larger and softer fruits.
Larger (positive) PC1 values indicate
later cultivars producing smaller and
more firm fruits. The second princi-
pal component was mostly correlated
with number of basal shoots and fruit
yield per plant. These two traits re-
late to plant architecture and fruit
productivity. PC2 represents the sec-
ond important common genetic fac-
tor caled “plant architecture affect-
ing fruit productivity”. Smaller val-
ues in Figure 2 for PC2 indicate cul-
tivars with lower productivity be-
cause of lower number of basda
shoots per plant. Larger PC2 values
indicate more productive cultivars
with more basal shoots per plant. The
third PC was mostly due to vitamin
C content in fruit in contrast to leaf
spot susceptibility, white pine blister
rust and gall mite. The PC3 expresses
another common factor called “ suscep-
tibility to diseases and pests nega
tively related to vitamin C content in
fruit 7. PC4 was positively related to
plant height and vigor, truss length
and susceptibility to two-spotted
spider mite. This PC determines a
factor being less important for affect-
ing variability among the cultivars
which could be caled “plant and
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truss architecture favoring suscepti-
bility to two-spotted spider mite”.
Cluster analysis. Dividing the
tested cultivars into five clusters
(groups) is justified by the dendro-
gram (Fig. 1) which shows level
similarity at all agglomeration steps.
This decision to cut branches off the
dendrogram is a compromise be-
tween reasonable number of clusters
received and similarity within- and
between-clusters variation. Assigning
cultivars to each of the five groups is
given in Table 1. Cultivars comprising
Cluster 1 originated predominantly
from Lithuania, the Ukraine and
Sweden. The smallest Cluster 2, in-
cluded only UK cultivars. Predomi-
nantly Polish cultivars were assigned
to Cluster 3. Cluster 4 includes culti-
vars which are heterogeneous with
respect to country origin; bred in
Canada, Russia and other European
countries. Eight Russian cultivars
were assigned to Cluster 5. This
study confirmed the existing geo-
graphical diversity of the cultivars
chosen also on the basis of origin.
Characterizing cultivar groups
and evaluation of their potential
for breeding cultivars. In Figure 2
approximated similarities and rela-
tions among 40 tested cultivars for
the 17 traits are presented in the co-
ordinate axis of the first two princi-
pal components accounting for 39%
of thetotal variation. The approxima-
tion of the real multivariate diversity
of the cultivars is generally moder-
ate, but it is quite acceptable for the
most important discriminating (con-
tributing) traits as revealed by PC1
and PC2. Projection of the genotypes
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Figure 1. Dendrogram relating the 40 blackcurrant cultivars for 17 pomological traits
using Ward's clustering method and the squared Euclidean distance as a measure of

dissimilarity

on a two-dimensional plane, based
on the first two principal compo-
nents, substantially confirmed the
results of the cluster analysis. Thisis
true, even though some members of
the clusters overlap.

Thorough description of the ho-
mogenous groups of the studied traits
of the divided cultivars may be effec-
tively limited to those traits recog-
nized as the most important (contrib-
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uting) to the overal variation of the
cultivars and to those traits which
distinguish the cultivars the most. To
meet this task one can use cluster
means for these significant traits
(also other traits) given in Table 4.
Fig. 2 also needs to be taken into
account, as it presents an approximate
visudization of similarity among 40
cultivars aong the first two principal
axes related accordingly to the

J. Fruit Ornam. Plant Res. vol. 18(2) 2010: 23-37
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Figure 2. Visualization of similarity among 40 blackcurrant cultivars along the first
two principal axes, accounting for 39, 1% of the total variation; symbols of the

5 groups obtained by Ward’s cluster method

significant traits. Information results
showed, that cultivars in Group 1
were early ripening, produced a mod-
erate amount of fruit yield per plant,
had relaively large and soft fruit,
contained a low amount of vitamin C
and showed moderate susceptibility
to important diseases and pests. Sub-
stantidly different (with opposite
levels of the significant traits) in
relation to those cultivars from
Group 1, were the cultivars from
Group 4. They were late ripening,
producing very low fruit yield per

J. Fruit Ornam. Plant Res. vol. 18(2) 2010: 23-37

plant (in spite of very tall plants)
with the smallest, most firm fruits,
containing more vitamin C and
showing rather lower susceptibility
to important diseases and pests. Cul-
tivars from Group 5 were similar to
those from Group 4 though they dif-
fered in earliness, fruit size and firm-
ness. Groups 2 and 3 include very
productive cultivars while they dif-
fered for earliness, produced fruits of
moderate size and firmness, but had
fruits which contained much vitamin C.
These groups differed also for sus-

33




W. Madry et a.

ceptibility to important diseases and
pests — cultivars in Group 2 showed
the highest susceptibility and those in
Group 3, the lowest susceptibility.

The distribution of cultivars on
Figure 2 showed the rich diversity
(profiles) in the studied traits. It con-
firms that the characterized blackcur-
rant cultivar collection has high po-
tential for specific breeding goals.
However, there was a lack of culti-
vars located in Figure 2, in the area
of the plot between Groups 2 and 4.
From this, a conclusion may be
drawn that such lacking genotypes
should show moderate fruit produc-
tivity, earliness, fruit size and firm-
ness. From the breeding point of
view, such genotypes with moderate
levels of dignificant traits are not
much needed. The complementary
profiles of the traits of potentia pa
rental genotypes existing in the
working collection are quite satisfy-
ing. It makes this collection, a source
of genes for desirable combinations
of trait profiles in new blackcurrant
cultivars.

CONCLUSIONS

Traits such as ripening time, fruit
size and firmness, number of basal
shoots, fruit yield per plant as well as
susceptibility to diseases and pests
are the most important for discrimi-
nating pomological attributes in our
studied cultivars. These attributes
mainly contribute to overall pheno-
typic diversity of blackcurrant culti-
vars originating from a large geo-
graphical range. The genotypes in-
cluded in the diverse clusters could
be used as promising and comple-
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mentary parents for hybridization.
Such an inclusion would be done in
order to obtain a high heterctic re-
sponse and thus, contribute to black-
currant breeding purposes. The con-
siderable diversity in plant morphol-
ogy, phenology, yielding and resis-
tance to important diseases and pests
observed within the collection of 40
blackcurrant cultivars shows the
agronomic potential of the species as
a valuable fruit crop. These findings
provide an important step to assess
the diversity of awide range of Ribes
nigrum, including collections from
cultivars. The clustering of the
blackcurrant cultivar collection iden-
tified groups of similar genotypes
with appropriate characteristics for
different uses in breeding programs.
All or some, of the genotype groups
could be targeted for further testing.
This would be testing in multi-
environment trials replicated not only
over years but also over locations, to
clarify the potential of those cultivars
which seems to be promising within
this study. The findings have signifi-
cance for blackcurrant breeding pro-
grams, conservation and future col-
lecting strategies.
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ZMIENNOSC FENOTY POWA KOLEKCJ ROBOCZEJ
ODMIAN PORZECZKI| CZARNEJW ZAKLADZIE
HODOWLI ROSLIN SADOWNICZYCH INSTYTUTU
SADOWNICTWA | KWIACIARSTWA
W SKIERNIEWICACH

Wiestaw Madry, Stanistaw Pluta, Leszek Sieczko
I Marcin Studnicki

STRESZCZENIE

W pracy przedstawiono ocene zmiennosci i réznorodnosci fenotypowej 40 od-
mian porzeczki czarng (Ribes nigrum L.) w hodowlangj (roboczej) kolekcji, pocho-
dzacych z réznych rgjondéw geograficznych. Krzewy genotypow w kolekcji roboczej
Zaktadu Hodowli Roslin Sadowniczych Instytutu Sadownictwa i Kwiaciarstwa (1SK)
posadzono jesienia 2004 roku w Sadzie Doswiadczalnym w Dabrowicach k. Skier-
niewic. Obserwacje 17 cech uzytkowych (pomologicznych), zebrane w dwéch latach
(2007-2008), opracowano z uzyciem analizy sktadowych gtéwnych (PCA) i analizy
skupien (CA), stosujac metode Warda i kwadrat odlegiosci Euklidesa. Pierwsze trzy
sktadowe gtdwne wyjanity okolo 56%, a pierwsze dwie sktadowe, okoto 39% wiel o-
cechowe] (0golngj) zmiennosci badanych odmian. Ze wzgledu na silna korelacje
dwadch cech fenologicznych, wielkosci i jedrnosci owocu z pierwsza sktadowa (PC1),
reprezentuje ona najwazniejszy wspolny czynnik genetyczny, nazwano "Termin doj-
rzewania powiqzany z wielkosciq i jedrnoscig owocu". Druga skiadowa (PC2) byta
gtéwnie skorelowana z liczba pedéw nasadowych i plonem owocéw na radlinie, za-
tem reprezentuje ona drugi wspdlny czynnik genetyczny, nazwany " Architektura
rosliny warunkujqca jej plonowanie". Termin dojrzewania, wielkos¢ i jedrnosé¢ owo-
cu, liczba pedéw nasadowych, plon owocdéw na rosline, jak réwniez podatnos¢ na
choroby i szkodniki sa najwazniejszymi cechami dyskryminacyjnymi i maja najwigk-
szy udziat w ogolngj zmiennosci fenotypowej cech uzytkowych odmian porzeczki
czarngj. Badane odmiany zostaty podzielone na pig¢ jednorodnych grup (skupien),
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ktore wskazywaty na bogata zmiennos¢ zgromadzonej kolekcji roboczel pod wzgle-
dem badanych cech rodin. Potwierdza to, ze scharakteryzowana kolekcja odmian
porzeczki czarngj ma duze znaczenie dla konkretnych celéw hodowlanych. Odmiany
nalezace do réznych grup (skupien) moga by¢ wartosciowymi formami rodziciel ski-
mi, ze wzgledu na uzupetnigjacy poziom najbardziej dyskryminujacych cech. Powin-
ny one by¢ uzywane do krzyzowan w programach hodowlanych dla uzyskania duzej
zmiennos$ci potomstwai znaczacego postepu w hodowli porzeczki czarnej.

Stowa Kkluczowe: porzeczka czarna, Ribes nigrum L., robocza kolekcja odmian,

zmienno$¢ odmianowa, cechy pomologiczne, andiza sktadowych gitéwnych, analiza
skupien

J. Fruit Ornam. Plant Res. vol. 18(2) 2010: 23-37 37



