M P

QAB O,

&}Y” {O %
5 2

3
SACTAE Actasa. Pol., Agricultura 6(3) 2007, 5-15

VARIABILITY ANALYSIS OF SELECTED
QUANTITATIVE CHARACTERISTICS IN EDIBLE
POTATO VARIETIES

Antoni Bombik, Katarzyna Rymuza, Maria Markowska,
Czestaw Stankiewicz
University of Podlasie in Siedlce

Abstract. The paper presents the variability analysis ofisquantitative characteristics,
that is of tuber yield, starch content and yield mhatter content and yield and vitamin C
content in selected edible potato varieties. Recgdroelations of variance components
calculated and their percentage share in the vat@bility were a measure of variability
evaluation for the characteristics examined. Moegpthe variability of the characteristics
was characterised by means of the classical vétjaboefficient. It has been found that
tuber yield and vitamin C content variability wasetenined mainly by the interaction
effects of years and the factors examined, asasgethe experimental error. The respective
values were as follows: 44.3% and 34.7% for tulbetdy and 42.2% and 46.2% for
vitamin C. The starch content was in 47.5% modifigdthe effects of the main factors
(including 35.0% for years) and the error effec9.(860). A similar interaction was
observed in the case of dry matter content vaitgpbut the error was 52.4%. Starch and
dry matter yields were determined mainly by intémac effects of the years and the
examined factors (40.7% and 39.9%, respectivelyval as the experimental error
(32.2% of the total variability for both traits)h& highest changes expressed as the values
of the coefficient of variation were found for twhgeld, dry matter yield and starch yield.

Key words: variance components, tuber yield, starch contémgtmatter content, vitamin
C content, edible potato, variability of charactieis

INTRODUCTION

The characteristics describing potato quality fhate substantially. They depend

mainly on the variety but also on environmentalditans [Bombik et al. 1996]. The
views on the importance hierarchy of the factoffiencing tuber yield and chemical
composition are generally convergent. It is belietbat genotype, followed by the
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environment, exerts the highest influence. Tubealityuis shaped by both natural
factors (soil, atmospheric conditions, the courkplant growth and development) and
cultural practices (fertilization, planting datéamt cultivation). Fertilization, especially
mineral one, is very important as it may substdigtzhange the chemical composition
of the tuber. There is also a prominent influentarointeraction of natural as well as
cultivation factors and genetic properties of indizal varieties [Bombik and Boligltowa
1994].

The share of genotypic and environmental variabildiffers for particular
characteristics, and it can be assessed by meahe afriability coefficient, or using
the models of variance components which are caiedom models [Griineberg et al.
2004]. It is assumed in the models that chiefly mand interaction random effects
influence the result of an experiment whereas thgufation mean is the only constant
parameter [Yildrin and Caliscan 1985].

The aim of the paper was to analyse the variabiify some quantitative
characteristics, that is of tuber yield, starchteahand yield, dry matter content and
yield and vitamin C content in selected edible fmtarieties.

MATERIAL AND METHODS

A three-year field experiment was conducted onBkperimental Farm in Zawady,
of the University of Podlasie in Siedlce, on a sfithe rye good complex and quality
class IVb. The research period (1999-2001) was aciarised by a considerable
variability of thermal conditions as well as préatdgion distribution and intensity,
which is reflected in the values of Sielianinovéefficients presented in Table 1.

Table 1. Sielianinov’s coefficient values (k)
Tabela 1. Wartézi wspotczynnikow Sielaninowa (k)

Year Month — Miesic Mean for the growing season

Rok 1l \Y \% \Y| Vil Vil IX Srednio dla.okresu
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 2.98 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 Bad.€1993] — wedtug Baca i in. [1993]

The assessment of the weather conditions of tlee thotato growing seasons allows
one to conclude that the 2001 season was the ¢@ddswas characterised by a large
amount of precipitation which was unevenly disttédzlin time.

The experiment was set up in four replications etiog to the design with
complete confounding higher order interactidh &. The design plan was based on the
work by Przybysz [1993].

An influence of the following factors on starchydnatter and vitamin C content in
edible potato tubers was determined:

1) potato variety: A— Aster, A — Muza, A — Ania,
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2) mineral fertilizer rate (in kg-H B, — 60 N, 60 FOs, 90 KO (NPK), B, — 120 N,
120 ROs, 180 KO (2NPK), B — 180 N, 180 FOs, 270 KO (3NPK),

3) potato forecrop (winter intercrop); & winter rape, €— a mixture of rye and
hairy vetch, G—rye.

Directly after harvest potato tuber yield was asedsand the starch content in the
tubers was determined on the Reiman-Parov scales.dfy matter and vitamin C
contents were determined by the oven drying gratrimenethod and the Tillmans
method, respectively.

The results obtained were analysed by means ofatience analysis appropriate for
the 3 confounded design. The percentage structure éirvee components estimates
was the basis of the analysis of an influence afgevarieties, mineral fertilization and
forecrops. Models of variance components are agplieen the levels of investigated
factors are populative in character whereas thealgtconsidered levels constitute a
random sample taken from this population [Oktab@020In the models, apart from the
population mean (m) which is a constant parameéter,value of a characteristic is
influenced by main and interaction random effectsicl, it is assumed, have got
independent normal distributions with zero meansl dne same variances?.
Moreover, independence of the effects of variounsl&iis assumed. The major aim of an
estimation of variance components is to estimaée pghpulation covariance between
random factors and an independent variable. Thenselof variance analysis table for a
random model, according to which the values ofaraé components were estimated,
is shown in Table 2.

Empirical values of mean squares from the analykigariance were compared to
their expected values, and estimates of varianogpoaents, being the best credibility
estimates, were obtained [Gordon et al. 1972, UByszicka et al. 1985, Oktaba 2000].
The values of negative estimates from calculatioese “artificially” zeroed. The
hypotheses assuming that the variances of thes@amnts equal zero were not
checked [Rao 1972, Lamotte 1973cfbrski et al. 1989, Starczewski et al. 1996,
Milewska 1998]. The relations of the variance conmgris estimates and their
percentage structure were a basis to assess aariol of the examined factors on the
variability of edible potato quantitative charaéics which were studied. The
variability of characteristics in individual varies was also estimated by means of the
classical variability coefficient.

RESULTS AND DISCUSSION

The variability of the characteristics examinednidividual edible potato varieties is
presented in Tables 3 and 4, and the percentage sh&ariance components is shown
in Figure 1.

The variability of tuber yield in the experimentdolarge extent (in 34.7% of total
variability) depended on the experimental errog{e 1). The share of the error in the
total variability of this characteristic may subsially fluctuate form about 23.0%
[Tretowski et al. 1989] to about 50.0% of the totaliahility [Bombik and Boliglowa
1994].

Agricultura 6(3) 2007
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Table 3. Characterization of the characteristicgbdity of edible potato varieties
Tabela 3. Charakterystyka zmiesniocech odmian ziemniaka jadalnego

Quality characteristics of potato tubers ~ Statistical measures Variety — Odmiana
Cechy jakdci bulw ziemniaka Miary statystyczne Aster Muza Ania
Arithmetic mean
Tuber yield Srednia arytmetyczna 30.9 33.7 351
Plon bulw Variability range 28.3-32.6 359-38.9 28.0-41.9

t-hat Zakres zmienrgci
Variability coefficient, %
Wspotczynnik zmienndei,%
Arithmetic mean

Srednia arytmetyczna
Variability range

Zakres zmienrgei
Variability coefficient, %
Wspotczynnik zmienndzi, %
Arithmetic mean

Srednia arytmetyczna
Variability range

Zakres zmienrgei
Variability coefficient, %
Wspétczynnik zmienngi, %
Arithmetic mean

Srednia arytmetyczna
Variability range

Zakres zmienrgzi

171 15.2 151

13.9 14.4 14.5
Starch content
Zawarta¢ skrobi
%

12.7-14.8 13.5-15.1 13.4-14.9

6.4 6.2 6.1

21.0 21.7 21.0
Dry matter content
Zawartdg¢ suchej masy
%

19.3-22.5 20.9-22.9 19.3-22.4

8.3 8.1 8.3

21.8 21.9 21.5
Vitamin C content

Zawartg¢ witaminy C 20.2-23.9 20.0-21.2 21.9-245

mg% Variability coefficient, %
, %
Wspétczynnik zmienngi, % 13.7 135 13.9
Arithmetic mean
) Srednia arytmetyczna 4.3 54 41
Starch yield Variability range
Plon skrobi y rang 36-49 4757  3.9-40

t-hat Zakres zmienndei
Variability coefficient, %
Wspotczynnik zmienndzi, %
Arithmetic mean
. Srednia arytmetyczna
Dry matter yield rytmety

Plon suchej masy Variability _rang,e‘

t-hat Zakres zmienndei
Variability coefficient, %
Wspotczynnik zmienndzi, %

17.3 15.2 19.9

6.3 6.9 7.2

5.3-7.2 5.9-7.7 5.4-9.4

21.7 195 18.9

The characteristic much less depended on feriitimaand variety. An interesting
phenomenon was the fact that tuber yield was nokedly modified by the research
years (9.2%). This result differs very much frora tlesult obtained by Etrowski et al.
[1989] who reports that research years can detertuiner yield variability in as much
as 75.0%. The effect of years was revealed in tim@raction with the investigated
factors, and it constituted 44.3% of the total &hility, 23.5% being an effect of years x
varieties (Table 4). This interaction proves thadrges in the yield level caused by the
pattern of environment natural conditions were thet same for all the varieties. The
tuber yield variability, expressed in the valudlad variability coefficient, was higher in
the Aster variety than in Muza and Ania (Table 3).

Agricultura 6(3) 2007
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Fig. 1. Variance components structure of yield edible potato tuber quality characteristics
Rys. 1. Struktura komponentéw wariancyjnych pldnoech jakdciowych bulw ziemniaka
jadalnego

Starch content is a varietal characteristic, anéddible potato tubers, it ranges from
12.0 to 16.0% [Zgoérska and Frydecka-Mazurczyk 199440 Gislason et al. [1984],
Bombik and Boligtowa [1994], Mazurczyk [1994] andojidowska et al. [1998] point to
the genotype as the factor which most stronglyrd@tees the starch content. The starch
amount depends not only on genetic properties\adrety but also on photosynthesis
intensity and on how long it lasts 4§6or and P¢ko 1998, Schéfer-Pregl et al. 1998].
That is why warm and sunny weather stimulates Btaocumulation in tubers [Lesz-
czynski 1994]. The content of this component in theeaesh discussed was most
strongly determined by the error (39.0%). A largecentage of variability (35.0%) was
associated with the effect of years (Figure 1). &ffects of varieties, fertilization and
forecrops amounted to 11.2% of the total variabil®n the basis of Table 4 it can be
interfered that, among the interaction effects, ithieraction of years, fertilization and
forecrop as well as the interaction of years, Wi@seand mineral fertilization constituted
the highest percentage (4.2% and 3.1%, respedtiv€lye starch content variability
oscillated around 6.0%, and was the highest folyeeariety Aster. The smallest
variability of starch content was found for the noeak-late Ania variety (Table 3).

The pattern of weather conditions over the growimgriod is a factor that
significantly diversifies the dry matter contenuf® and Skowera 2004]. Its value to a
large degree depends on the starch content andrding to Wojdyta [1997], is a
genetic trait. Edible potatoes contain 15.0 to 32.0f dry matter [Zg6rska and
Frydecka-Mazurczyk 1996]. In the experiment disedsthe variability caused by the
genotype was at the level of 5.6%. In contrast,rerelom effect and the years most
strongly modified this characteristic (52.4% and.62b, respectively). Interaction
effects of the years and investigated factors domst 13.5% of the total variability
(Figure 1, Table 4). In the varieties examineddbwetent of this component ranged from

Agricultura 6(3) 2007
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13.9% in the Aster variety to 14.5% in the Ania iggr. The variability of this
characteristic in the varieties studied oscillaaedund 8% and was the smallest for the
Muza variety

The vitamin C level in tubers is very changeabladg&n et al. 1978] and, according
to Rogozhska [1983], Sawicka [1987], Komorowskeddys [1997] and Danilczenko et
al. [2000], depends mainly on the variety. Mindmtilization is another factor which
changes ascorbic acid content in tubers althoughtr&mwowicz [1989] reports on
increasing nitrogen rates reducing vitamin C contehich, however, cannot always be
proved. In the experiment conducted this charatterivas mostly determined by the
error effect (44.7%). The interaction effects oggeand the investigated factors had a
little smaller share in the total variability (422, half of which being induced by the
interaction of years and varieties (24.9%). Themfactors in 8.9% determined the
vitamin C variability (variety effect was 3.4%, reial fertilization effect was 5.5%).
Growing season effects were close to zero (0.3%reds the forecrop effect equalled
zero (Fig. 1, Table 4). The vitamin C content wlas lowest in Ania tubers and the
highest in the tubers of Muza variety in which thariability of the characteristic
discussed was the highest (Table 3).

The starch yield is influenced by the tuber weight its percentage content in
tubers. Kosecka et al. [1989] have proven thatlifeation to the level of 100 kg N-Ha
increases the starch yield whereas the rate of20@kg N-ha reduces it. On the basis
of Table 4 and Figure 1 it can be interfered that $tarch yield in the research years
was first and foremost conditioned by the interatteffect of years and investigated
factors (40.7%) as well as the random error whiohstituted 32.2% of the total
variability. Growing seasons, main effects and rthiateractions in 18.6 and 8.5%
(including 5.8% for the genotype and 1.7% for feadition), respectively, modified the
starch yield. The starch yield variability was #maallest for the Muza variety and the
highest for the Aster variety (Table 3).

The dry matter yield, similarly to the starch yieisl the result of interplay of tuber
yield and dry matter percentage content. The dritengield variability in the tubers of
the varieties examined, just like in the case afc$t content, depended chiefly on the
interaction effects of years and investigated fic{the effects constituted 39.9% of the
total variability), and the experimental error (3%). The years and main effects much
less significantly determined the dry matter yielthat is in 17.3% and 7.7%,
respectively (Table 4, Figure 1).

CONCLUSIONS

1. To sum up, it can be said that the variance compis discussed in the present
work may be used to draw various conclusions omfuence of individual factors and
their interactions on the variability of the quaatiive characteristics examined. Thus the
method is suitable to estimate a response of ediot@to to some elements of
cultivation and environmental conditions. The metfapplied and the results obtained
limit, in a sense, the possibility of generalizatidue to a small number of factorial
treatments which were analyzed.

2. Moreover, it was found that the variability of #ie investigated characteristics
was determined chiefly by the interaction effedtgemrs and examined factors, as well
as the error effect, which is especially visiblghe case of tuber yield, dry matter yield

Acta Sci. Pal.
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and vitamin C content. The research years, whidleatean influence of weather
conditions in the growing season, most strongleaé#d the starch content, dry matter
content, starch yield and dry matter yield. Tubiefdyand the characteristics related to
it, that is starch yield and dry matter yield, urvdent the most prominent changes.
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ANALIZA ZMIENNO $CI WYBRANYCH CECH ILO SCIOWYCH
U ODMIAN ZIEMNIAKA JADALNEGO

StreszczenieW pracy przedstawiono anajizmienndci niektorych cech iléciowych, tj.
plonu bulw, zawartéi i plonu skrobi, zawartei i plonu suchej masy oraz zawaxd
witaminy C u wybranych odmian ziemniaka jadalnegdaroceny zmienn&i bada-
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nych cech byly wzajemne relacje wyznaczonych oaamgonentéw wariancyjnych ich
oraz procentowy udziat w zmienw catkowitej. Zmienné¢ badanych cech scharaktery-
zowano, korzystaf z klasycznego wspoétczynnika zmiedoio Wykazanoze zmiennéé
plonu bulw i witaminy C determinowana byta gtdwniezgz efekty interakcyjne lat
z badanymi czynnikami i bil dawiadczalny. Wartéci te wynosity odpowiednio: 44,3%
i 34,7% dla plonu bulw oraz 42,2% i 46,2% dla witaynC. Zawarté¢ skrobi modyfiko-
wana byla w 47,5%, przede wszystkim przez efektynoikow gtéwnych (wtym lat
35,0%) i efekt bidu (39,0%). Podoknreakcg odnotowano w przypadku zmieniod
zawart@ci suchej masy, z tyme bhd stanowit 52,4%. Plon skrobi i suchej masy deter-
minowany byt gtéwnie przez efekty interakcyjne 2abadanymi czynnikami (odpowiednio:
40,7% i 39,9%) oraz il daiwiadczalny (po 32,2% zmiengm catkowitej). Najwekszym
zmianom, wyraonym w postaci wspotczynnika zmieriieg podlegat plon bulw, suchej
masy i skrobi.

Stowa kluczowe komponenty wariancyjne, plon bulw, zawdtioskrobi, zawartée
suchej masy, zawagdwitaminy C, ziemniak jadalny, zmien§ocech
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