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COMPARISON OF EDIBLE POTATO CULTIVARS
BY MEANS OF SOME METHODS OF
MULTIDIMENSIONAL ANALYSIS

Katarzyna Rymuza, Antoni Bombik
Siedlce University of Natural Sciences and Humanities

Abstract. Yield and quality characteristics of three potato cultivars, that is Aster, Muza,
and Ania, were examined in an experiment conducted in years 1999-2001. Total tuber
yield, starch content, dry matter content, and vitamin C content were determined. Data
analysis was based on multidimensional methods, that is interprofile analysis and cluster
analysis. The levels of both the yield and component contents were different depending
on the cultivar and growth conditions. It was confirmed by means of the profile lines of
the examined cultivars, which had different courses in each year of study. Coefficients of
similarity r. indicate that the profiles of the cultivars were not similar (comparisons were
made between pairs). The most dissimilar were the profiles of Aster and Ania, influenced
by the conditions of the 2000 growth season, as well as of Muza and Ania in the year
1999. Cluster analysis revealed that Muza and Ania formed one cluster (were the most
similar) in the years 1999 and 2000, and Ania and Aster in the year 2001.
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INTRODUCTION

In agricultural science, many measurements are frequently taken of one object,
thanks to which it is described in terms of many characteristics. However, only one
characteristic is subject to analysis when one-dimensional analysis is used (most often
analysis of variance). Multidimensional analyses, which include profile analysis and
cluster analysis, offer the possibility to compare the objects studied in terms of all the
measurements (characteristics).

Profile analysis encompasses a number of tests which make it possible to examine
similarity of profiles. The profile of a multidimensional object is a set of treatment
means of individual characteristics. In the chart, the means are joined with lines. An
application of this method is limited by a condition: all the variables have to be on the
scale of the same range. Thus, the results are frequently transformed into the common
scale [Jedrzejczak and Nowaczyk 2006].
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Cluster analysis, based on the variables that describe the objects, aims at sorting
different objects into groups (clusters) in a way that the degree of association between
two objects is maximal if they belong to the same group and minimal otherwise [Jain et
al. 1999, Holland 2006, Stanisz 2007].

Studies on edible potato are frequently conducted on several cultivars which are
compared with one another in terms of yields and quality. The characteristics that are
commonly included in the qualitative assessment of potato tubers are as follows: starch
content, dry matter content, and vitamin C content. The above contents are predominantly
cultivar-related but may be, to a great extent, modified by agronomical factors and weather
conditions during the growth season [Roztropowicz 1989, Bombik and Boliglowa 1994].

Application of multidimensional methods enables the experimenter to compare the
tuber quality of the examined cultivars by taking into account all the studied
characteristics. The objective of the comparisons is usually to answer the question of
whether the studied objects are similar. Profile analysis includes the creation of profiles
for the individual cultivars which are then paired, and comparisons between the pairs
are made. Similarity coefficient r., which indicates whether the profiles are similar or
dissimilar, is computed for each pair of profiles [Cohen 1969, Paunonen 1984,
Brzezinski 2007, McCare 2008].

The objective of the work was to check the applicability of multidimensional
analyses for edible potato studies, in particular for performing a simultaneous
assessment of selected cultivars in terms of many characteristics.

The purpose of the assessment was to check if, and to what extent, the examined
cultivars were “similar” to each other, the measure of the similarity being the shape of
multi-character profiles and type of cluster created. Moreover, due to its methodological
attitude, the work aimed at comparing the results by means of two methods: profile
analysis and cluster analysis.

MATERIAL AND METHODS

Tubers of three edible potato cultivars, Aster, Muza and Ania, were examined. Aster
is a very early edible potato cultivar registered in the year 1990. It is a high-yielding
cultivar characterised by medium starch content (about 14.0%). It is suitable for the
production of chips, crisps, and dried products. Muza is a high-yielding cultivar of
intermediate maturity, registered in 1993, characterized by medium starch content
(about 15%). It is used for the production of chips and dried products. Ania is a late
edible cultivar registered in 1994, characterised by very high yield potential, high share
of marketable tuber yield, and medium starch content (about 14.6%). It is utilized in the
industrial production of chips.

Tubers for the analysis were obtained from a three-year (1999-2001) field
experiment set up on soil of very good rye complex, quality class [Vb. The experiment
was located at the Experimental Farm in Zawady (52°06° N; 22°56° E) which is part of
the Siedlce University of Natural Sciences and Humanities. The experiment was designed
as an arrangement involving the complete confounding of 3° interaction, with four
repetitions. The design was based on the work by Przybysz [1993]. The methodology of
the experiment is presented in detail in the work by Rymuza and Bombik [2004].

As indicated by the Sielianinow’s coefficients presented in Table 1, the study period
(1999-2001) was characterized by a substantial variation of thermal conditions as well
as precipitation distribution and amount.
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Table 1. Sielianinow’s coefficent values
Tabela 1. Wartosci wspotczynnikoéw Sielianinowa (k)

Month — Miesiac Mean values for the
growth season
March April May June July August  September  §rednia dla okresu
marzec  kwiecien maj czerwiec lipiec sierpien wrzesien wegetacyjnego
1999
0.72 2.94 0.66 1.98 0.32 1.34 0.58 1.22
2000
1.67 1.23 0.48 0.29 2.64 0.74 1.73 1.25
2001
0.77 2.67 0.58 0.70 0.75 0.38 298 1.26

k < 0.50 — strong drought — silna posucha, 0.50 < k < 0.69 — drought — posucha, 0.70 < k < 0.99 — slight
drought — staba posucha, k >1 — no drought — brak posuchy, according to Bac et al. [1993] — wedlug Baca
iin. [1993]

The assessment of weather conditions of the three growth seasons revealed that the
growth season of 2001 was the coldest. Moreover, it was characterized by the greatest
precipitation, which was unevenly distributed. The years 1999 and 2000 were much
warmer with low precipitation, in May and July in particular.

The examined cultivars were described in terms of the following characteristics:
total tuber yield, starch content, dry matter content, and vitamin C content.

In order to check all the variables, they were transformed into the common scale.
Following the work by Jedrzejczak and Nowaczyk [2006], the obtained results were
converted into the common nine-grade interval scale according to the formula:

Xli ZM'FI

X max.” X min.

where:
X; — value of a characteristic after transformation,

x; — transformed value of a characteristic,
Xmin.» Xmax, — the smallest and the greatest values of a characteristic.

An application of the nine-grade scale makes it possible to strengthen it semantically
because grade 1 can be described as “a very small value”, grade 5 “the medium value”,
and rank 9 “a very high value” [Dayan 1999].

Values of the transformed mean values of the examined characteristics were
statistically analysed. The obtained means were grouped in order to obtain profiles,
which were then compared by means of the coefficient of profile similarity r. using the
Cohen’s formula [Cohen 1969]:

SA.B, +nm? m( SA, + "ZBJ
i=1 i=1 i=1

\/( A2 +nm? 2m "ZAJ( YB2 +nm? 2m "ZBJ

i=1 i=1 i=1 i=1

Agricultura 11(1) 2012



70 K. Rymuza, A. Bombik

where:
n — number of characteristics in a profile,
m — medium point of the scale,
A,, B; — transformed values of the characteristics that comprise the profiles of
cultivars A and B under comparison.

Coefficient of profile similarity assumes values that range from -1 to 1. Coefficient
value that approaches -1 indicates that the profiles under comparison are increasingly
dissimilar. By contrast, the coefficient values approach 1 when the profiles are more and
more similar [Paunonen 1984, Brzezinski 2007, Allik et al. 2010].

Consecutive pairs of profiles A and B were analysed, that is Ania and Muza, Aster
and Ania, and Muza and Ania.

Cluster analysis was conducted using software Statistica 6.0. The analysis yields
dendrograms, which illustrate clusters of similar objects. Object grouping was
performed with the method of single bond and the Euclidean distance was chosen as
a measure of distance. While selecting measures of distance, the authors aimed at
obtaining the most useful results [Dubes 1993, Everitt 1980, Everitt et al. 2001].

RESULTS

The graphical depiction of the lines that represent the profiles of the examined
cultivars indicates that the multi-character profiles of the cultivars differed between one
another both in the individual years and over the three-year period (Figs 1-4). The
inference is supported by the coefficients of profile similarity r. (Table 2).
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Fig. 1.  Profiles of the characteristics of the studied potato cultivars in 1999
Rys. 1. Profile cech badanych odmian ziemniaka w 1999 roku
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Fig. 2.  Profiles of the characteristics of the studied potato cultivars in 2000
Rys. 2. Profile cech badanych odmian ziemniaka w 2000 roku
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Fig. 3. Profiles of the characteristics of the studied potato cultivars in 2001
Rys. 3. Profile cech badanych odmian ziemniaka jadalnego w 2001 roku
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Fig. 4. Profiles of the characteristics of the studied potato cultivars (means for 1999-2001)
Rys. 4.  Profile cech badanych odmian ziemniaka ($rednia w latach 1999-2001)

Table 2. Values of the coefficients of similarity of profile pairs (rc) of the edible potato cultivars
Tabela 2. Wartosci wspolczynnikow podobienstwa par profilow (rc) badanych odmian ziemniaka

jadalnego
Year — Rok Mean values for years 1999-2001
Profile A:B; 1999 2000 2001 Srednia z lat 1999-2001
Aster and Muza 0.45 0.14 0.43 0.01
Aster and Ania 0.42 -0.40 -0.06 -0.28
Muza and Ania -0.37 0.51 -0.30 -0.37

In 1999, profile similarity of Aster and Muza was observed, as well as of Aster and
Ania, the respective coefficients r, amounting to 0.45 and 0.42, respectively. Values of
the characteristics of the examined cultivars fluctuated close to the mean value. Tubers
of cultivar Aster were characterised by slightly higher values of starch and dry matter
contents, and the total yield compared with Muza. At the same time, values for tuber
yield, and dry matter and vitamin C contents were at a similar level in the profile of
Aster and Ania. Due to the growth conditions of 1999, the profiles of Muza and Ania
were most dissimilar and their similarity coefficient amounted to -0.37. The
dissimilarity resulted from differences in tuber yield values, which exceeded the mean
value for Ania, whereas for Muza they remained much lower than the mean value.
Starch and vitamin C contents in the cultivars were similar (Fig. 1).

The similarity of Muza and Ania in the year 2000 amounted to r. = 0.51 and the
values of most characteristics included in the profiles of the cultivars fluctuated around
the mean value. Profile similarity of Muza and Aster was small (r, = 0.14). The greatest
differences between the profiles were found for tuber yield and vitamin C content. The
most dissimilar were the profiles of Aster and Ania. As can be seen in Figure 2, the
tuber yield of Aster was at a very low level, whereas for Ania it exceeded the mean
value.
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In the last year of the study, Ania and Aster, as well as Ania and Muza were quite
similar (r. = -0.06 and -0.30, respectively). By contrast, the profiles of Aster and Muza
were similar with the similarity value of 0.43. Figure 3 indicates that Aster and Muza
were the most different in terms of starch content. Muza accumulated small amounts of
starch, whereas the amounts accumulated by Aster were close to the mean value.

As shown in Figure 4, the profiles of the examined cultivars differed substantially
between one another over the three-year period, which is reflected in the values of
coefficients r, indicating very small similarity of Aster and Muza profiles (0.014), and
the dissimilarity of Ania and Aster as well as Ania and Muza profiles, whose
coefficients r, amounted to -0.28 and -0.37, respectively. Values of tuber yield and
vitamin C content for Ania were higher in comparison with the remaining cultivars.

Comparison of cultivars by means of cluster analysis indicates that over the period
of the years 1999-2001, Ania and Muza were similar cultivars. They formed a cluster as
far as tuber yield and vitamin C content were concerned. The cultivars differed from
Aster, which was assigned to the second cluster (Fig. 5, Table 3).
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Fig. 5. Tree diagram for the cultivars studied over the three-year period (1999-2001), including
values of the studied characteristics

Rys. 5. Diagram drzewa dla badanych odmian w trzyleciu (1999-2001) z uwzglednieniem
warto$ci badanych cech

In 1999, the values of the examined characteristics for Ania and Aster placed them
in one cluster. The second cluster included Muza, which had a lower tuber yield and
higher dry matter content (Fig. 6, Table 3).
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Table 3. Values of the characteristics of the potato cultivars studied in years 1999-2001
Tabela 3. Wartosci cech badanych odmian ziemniaka w latach 1999-2001

Year Tuber yield Starch content Dry matter content Vitamin C content
Plon bulw Zawarto$¢ skrobi Zawarto$¢ suchej masy ~ Zawarto$¢ witaminy C
Rok 1
t-ha % % mg%
Aster
1999 32.6 14.8 213 214
2000 31.9 14.2 22.5 23.9
2001 28.3 12.7 19.3 20.2
Mean 309 145 210 218
Srednia
Muza
1999 28.9 15.0 22.9 22.2
2000 36.3 14.6 21.2 22.1
2001 35.9 13.5 20.9 22.0
Mean 337 142 21.7 221
Srednia
Ania
1999 35.2 14.5 21.4 24.5
2000 41.9 14.9 22.4 24.2
2001 28.0 134 19.4 21.9
Mean 35.0 143 21.0 235
Srednia
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Fig. 6. Tree diagram for the cultivars studied in 1999, including values of the studied
characteristics

Rys. 6. Diagram drzewa dla badanych odmian w 1999 roku z uwzglgdnieniem wartosci
badanych cech

Cluster analysis demonstrated that in the year 2000 Muza and Aster formed one
group so they were the most similar. The cultivars produced lower tuber yields and
accumulated more starch in tubers compared with Ania, which formed the second
cluster (Fig. 7, Table 3).
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Tree diagram for the cultivars studied in 2000, including values of the studied
characteristics
Diagram drzewa dla badanych odmian w 2000 roku z uwzglgdnieniem wartosci
badanych cech

Due to the growth conditions of the last year of study, Aster and Ania formed one
cluster, like in 1999. The cultivars produced low yields, compared with Muza, which
probably resulted in them forming one cluster (Fig. 8, Table 3).
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Tree diagram for the cultivars studied in 2001, including values of the studied
characteristics
Diagram drzewa dla badanych odmian w 2001 roku z uwzglgdnieniem wartosci
badanych cech
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CONCLUSIONS

Multidimensional analyses make it possible to compare objects with respect to many
attributes at a time. As a result, they can be applied in the studies on edible potato.
Studies of this kind quite often include the evaluation of tuber quality of specific
cultivars in terms of several or more characteristics (for example starch content, dry
matter content, as well as vitamin C content).

The results obtained in the profile analysis, or more precisely the treatment means of
the characteristics (after transformation aimed at making them comparable) are placed
in a chart and linked with lines to obtain profiles. What is produced is a graphic and
clear form of presentation of the results. It is the unquestionable advantage of such
analysis. Other advantages include description which can be applied following the
transformation of data into a common interval scale. The comparison of only two
profiles (cultivars) is the disadvantage of the method.

The basic idea of cluster analysis is to divide objects into a number of groups of
“similar” objects which, at the same time, are not similar to the objects that belong to
the remaining groups. The analysis yields a graphical presentation of data, which clearly
shows individual clusters and their objects.

The analyses conducted in the present study demonstrated that the examined
cultivars were more or less different from each other, the differences being, to a great
extent, influenced by the growth conditions. The profile analysis showed that the most
similar were the profiles of Aster and Ania in 2000, Muza and Ania in 1999, and Aster
and Muza in 2001.

Moreover, the cluster analysis indicated that Ania and Aster were similar in 1999
and 2001, Muza and Aster in 2000, and Muza and Ania over the whole three-year
period.

Profile charts and cluster dendrograms were undoubtedly influenced by the fact that
the cultivars assessed in the study were, as had been assumed while selecting the
experimental design, characterised by different growth periods (very early Aster,
intermediate Muza, and late Ania) as well as genetically-conditioned, and thus different,
rate of nutrient uptake.

The results demonstrated in the present work refer to potato cultivars which are not
extensively cultivated; some of them (for example Ania) have been excluded from the
Register of Cultivars. However, selection of cultivars was not that important as the work
is methodological.
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POROWNANIE ODMIAN ZIEMNIAKA JADALNEGO
Z WYKORZYSTANIEM NIEKTORYCH METOD
ANALIZY WIELOWYMIAROWEJ

Streszczenie. W eksperymencie przeprowadzonym w latach 1999-2001 badano
plonowanie oraz cechy jakosciowe bulw trzech odmian ziemniaka: Aster, Muza i Ania.
Oznaczono plon bulw ogédtem i plon skrobi. Z cech jakosciowych okreslono: zawartos$¢
skrobi, zawarto$¢ suchej masy oraz zawartos¢ witaminy C. Analize danych oparto na
metodach wielowymiarowych, tj. na analizie interprofilowej oraz analizie skupien.
Wykazano, ze metody te pozwalaja na porownanie odmian ziemniaka jadalnego pod
wzgledem ich jako$ci, w przypadku, gdy analizowanych jest wiele cech jednoczesnie.
Analiza profilowa wykazala, ze najbardziej podobne byly odmiany: Aster i Muza
z sezonu wegetacyjnego 1999 i 2001 oraz odmiany: Muza i Ania z 2000 roku. Analiza
skupien wykazata natomiast podobienstwo odmian Muza i Aster w roku 1999 i 2000 oraz
odmian Ania i Aster w 2001 roku.

Stowa kluczowe: analiza interprofilowa, analiza skupien, skrobia ziemniaka, witamina C
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