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ABSTRACT

In the research carried out in the years 1999-2001 the following characteristics of three edible potato
cultivars were determined: tuber yield, starch content, dry matter content, vitamin C content and starch yield.
Genotype-environment interaction for the above characteristics was evaluated on the basis of main effects
(genotypes and years) and interaction effects by means of the variance analysis for repeated experiments and
according to the linear model for the design which confounds the type 3° interaction. Morcover, there were
calculated the variance of genotype stability describing the environmental variation of the genotypes, and the
ecovalence coefficient which describes the genotype x environment interaction. All the analysed characteristics
were influenced by the cultivars (genotypes) and the environment. The genotype-environment interaction
reflecting different response of the cultivars to changeable environmental conditions proved to be significant
for all the examined characteristics. The analysis of results does not allow to unambiguously indicate the
stabile genotype because the Muza cultivar was most stable for vitamin C and dry matter contents, and starch
yield whereas Aster and Ania proved to be most stable as far as tuber yield and starch content, respectively,
were concerned.
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INTRODUCTION

As a result of increasing costs of edible potato production in Poland, the
cultivars characterized by high stable yields and good consumption qualities
have been searched for. Starch, dry matter and vitamin C contents are most
often taken into account in the quality evaluation of potato tubers. The
content of the aforementioned components is mainly a -cultivar-specific
characteristic, however, it is to a large extent modified by agronomic factors and
climatic conditions of the growing season (Roztropowicz 1989; Bombik and
Boligtowa 1994). Cultivars, climatic conditions and edafic conditions (soil,
its mineral composition, moisture) may enter reciprocal interactions which
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contribute to differences in potato quality (Teodorczyk 1998). The genotype-
environment interaction is a phenomenon which is defined in terms of its
mechanisms or, what is more usual, its phenotypic effects for a given
characteristic (Hill et al. 1998; Annicchiarico 2002; Baker 2002; Kang 2002;
Yan and Kang 2003). The knowledge of genotype-environment interaction,
defined as a different response of the genotype to certain environmental
factors, provides valuable information on the genotype properties, their
stability in particular.

Biologically-defined stability, that is maintaining the constant value of
a characteristic irrespective of environmental conditions, is not desirable in
agricultural production (as far as yield is concerned) as improved agronomic
conditions would not produce increased yields (Galek et al. 2000). As a result,
stability in cultivars is considered from the standpoint of agriculture. Such
stability is present when the average value of the observed cultivar characteristic
(yield in this case) changes proportionally to the average response determined
on the basis of the environmental mean for this characteristic (Becker and Leon
1988).

Many statistical methods have been developed to evaluate and interpret
genotype-environment interaction. They are mostly based on fixed or mixed
models of one-variable variance analysis suitable for two-way cross
classification which includes an interaction effect (Aastveit and Mejza 1992;
Czajka 1995; Pietrzykowski et al. 1996).

The present work aims to analyse and interpret the genotype-environment
interaction for the yield (tuber yield, starch yield) and selected tuber quality
characteristics (starch content, dry matter content, vitamin C content) of three
potato cultivars.

MATERIAL AND METHODS

Three potato cultivars, Aster, Muza and Ania, constituted the research
material. The tubers were harvested over three years (1999-2001) of conducting
a field experiment. The experimental site was located at the Experimental
Station in Zawady, eastern Poland, owned by the University of Podlasie in
Siedlce. The soil belonged to the rye good complex, quality class IVb. The
experiment was set up in a design which confounded the higher-order 3° type
interaction with three replications. The design plan was based on the work by
Przybysz (1993).

Weather conditions over the period of research are presented in Table 1. It can
be noticed that average temperatures in individual growing seasons were higher
than the multi-year mean value, and precipitation sums were lower compared
with the multi-year precipitation.
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Table 1
Distribution of temperature and precipitation
Termperatare [?C] Precipatation fom]

Month Year Phuxi- Maonth Year Pho-

1999 2000 2001 2 Awmal 1999 2000 2001 2 Awmal
vV 99 129 87 12 vV 873 475 698 346
v 129 16.5 155 154 v 264 248 280 483
VI 205 185 17.1 16.7 VI 121.7 170 360 98.5
VI 218 120 238 181 VII 21e 1557 554 714
VIII 18.7 191 2048 174 VIII 1774 438 240 60.8
IX 161 118 1211 1237 IX 278 611 108.0 473
Mean le.a 16.5 16.3 148 Total 3625 Ho5 3212 350.9

Potato forecrops were winter catch crops which were sown in the third decade
of August each year. In the spring the catch crop plants were incorporated (deep
ploughing) to constitute green manures. Tubers of the examined cultivars were
planted in the third decade of April in an amount of 2.5 t x ha'!, at the spacing of
62.5 x 25 cm. After planting the successive cultivation operations were
performed as needed for plant establishment.

Following harvest, the yield per plot was recorded. The starch content in
potato tubers was determined by means of a Reimann’s specific gravity balance.
Dry matter content and vitamin C content were determined by the oven-drying
gravimetric and Tillmans’ methods, respectively.

The results were statistically analysed with the analysis of variance for type 33
confounded designs.

Genotype-environment interaction, defined as sensitivity of a genotype to
certain environment factors, was evaluated on the basis of main effects
(genotypes and years) and interaction effects. The method applied in the
evaluation was the analysis of variance for the type 33 confounded designs in
repeated experiments, and the Tukey test (Oktaba 2000). Also, for the examined
characteristics which were characterised by a significant genotype-environment
interaction, there were calculated the variance of genotype stability describing
environmental variation, and the ecovalence coefficient reflecting an interaction
between the i-th genotype and the environment (Wricke 1965; Shukla 1972;
Pietrzykowski et al. 1996).

The variance of genotype stability was calculated according to the following
formula:
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whereas the ecovalence coefficient was computed as follows:

W=z, -7.-7,+7 )
1

in the above formulae:

Vg — is the mean for a characteristic calculated across n replications for the i-
genotype in the j- environment,

Vi — is a border mean calculated across sn observations for the i-™ genotype
(s — number of environments),

¥j — is a border mean calculated across gn observations for the j-t
environment (g — number of genotypes),

f_ — is an overall mean computed across sgn observations for the whole
series of experiments.

RESULTS AND DISCUSSION

Potato tuber yield significantly depended on the cultivars and conditions of the
growing seasons (Table 2). The Aster cultivar yielded significantly lower than
Muza and Ania. The respective yields amounted to: 30.9, 33.7 and 35.0 t-ha-1. The
most favourable conditions for potato growth and development were in the year
2000 when the highest yields were recorded. The year 2000 was characterised by
the precipitation sum which was close to the multi-year sum, and the average
temperature which was by 1.9°C higher than the multi-year mean.

Table 2
Potato tuber yield in successive research years [t x ha”!|
Year
Cultivar Mean
1999 2000 2001

Aster 32,6 31.9 28.3 30.9

Muza 28.9 36.3 35.9 33.7

Ania 352 41.9 28.0 35.0

Mean 322 36.7 30.7 332
Least significant difference (oo = 0.05): between years = 1.7, between cultivars = 1.7, years x cultivars

interaction = 2.9

Potatoes of the examined cultivars yielded differently in the studied years.
The yields recorded for the Aster and Ania cultivars were the lowest in the year
2001 when the precipitation was the lowest over the whole examined period,
and amounted to 321.2 mm. The most adverse growing conditions for the
yielding of Muza were in the year 2000 when the recorded yields were the
worst.

The highest values and the highest diversity of stability parameters were



101

Genotype-environment interaction in evaluating yielding of selected edible potato ...

obtained for tuber yield (Table 7). The stability variance for Aster was the lowest
so this genotype was the most stable under the examined environmental
conditions. The Ania cultivar turned out to be least stable as far as its yield was
concerned (s?>=48.32). The genotype-environment variance obtained for this
cultivar was ninefold higher than the variance for Aster (s*=5.32). a genotype-
by-environment interaction proved to vary, too, the finding being reflected in the
ecovalence coefficient values which ranged from 13.6 for Aster to 37.3 for
Muza. It indicates that the tuber yield of Aster was to the lowest extent
influenced by the conditions of plant growth and development.

Table 3
Starch content in the tubers of examined potato cultivars [%]
Year
Culbvar Mean
1999 2000 2001
Aster 148 142 127 135
Mu=za 150 146 135 144
Ama 145 149 134 143
Mean 148 146 132 1472

Least significant difference (a0 = 0.05): between years = 0.3, between cultivars = 0.3, years x cultivars
interaction = 0.5

Starch content was modified by both the cultivars and environmental
conditions (Table 3), which was also confirmed in the studies by Bombik ef al.
(2003). The value of this characteristic was significantly lower for Ania and
Muza than for Aster. Aster, which is an early cultivar, accumulated by 0.45%
more starch than the other two cultivars, which in general are better in this
respect. The conditions favouring an accumulation of starch in potato tubers
occurred in the years 1999 and 2000 when the weather was warm and sunny
(especially in the former year), the conditions necessary for potato to accumulate
starch in tubers. In contrast, the year 2001 was the least beneficial with respect
to starch accumulation. Initially the weather was rainy and cold, and high
temperatures combined with low precipitation in the second half of July and at
the beginning of August could not compensate for the adverse conditions
observed in the preceding months.

There was observed a different response of cultivars to changeable weather
conditions of the successive research years (Table 3). The Aster cultivar was
most stable for starch content which decreased significantly in successive
growing seasons. It is also reflected in the highest variance of genotype stability
calculated for this cultivar and the lowest ecovalence coefficient. As far as Ania
and Muza were concerned, the drop in starch content was recorded only in the
year 2001. Low environmental variation of these cultivars is reflected in small
values of stability parameters (Table 7).
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Starch yield is conditioned by tuber weight and percentage starch content in the
tubers. The starch yield depended mainly on the cultivar properties of potato and the
growing season conditions. There was also found a significant years x cultivars
interaction for this characteristic (Table 4).

Table 4.
Starch yield of individual potato varieties [t X ha-1]
Tear
Cultivar Mean
1999 2000 2001
Aster 482 450 359 430
Mhaza 415 526 4582 4.74
Ama 508 627 378 54
Mean 468 534 4106 469

Least significant difference (oo = 0.05): between years = 0.25, between cultivars = 0.25 years x cultivars
interaction = 0.44

The highest starch yield was recorded for the Ania cultivar, a significantly lower
value was observed for Muza and the lowest was the value for Aster. Such findings
predominantly resulted form the weather conditions of the year 2000 when the starch
yield was highest for all the cultivars. There was observed a different response of
cultivars to changing environmental conditions, which is reflected in the significance
of years x cultivars (genotypes) interaction. Ania was an exception as in each year it
produced the lowest starch yield which also differed significantly. The highest was
the yield in the year 2000, it was significantly lower in the year 1999, and the lowest
in the year 2001. Aster and Muza produced comparable starch yields in the years
1999 and 2000, and 2000 and 2001, respectively.

Stability parameters calculated for starch yield indicated that Ania was the least
stable cultivar whereas Muza was the most stable cultivar. The respective values of
variance s% equalled 1.576 and 0.312. Ecovalence coefficients, which describe

genotype-environment interaction, slightly differed and ranged form 0.489 for Aster
to 0.857 for Muza (Table 7).

Table 5.
Dry matter content in the tubers of examined potato cultivars [%]
Year
Cultivar IMean
1999 2000 201
Aster 213 25 193 210
Muaza 129 212 209 27
Ama 214 224 123 210
Mean 219 220 198 N2

Least significant difference (a0 = 0.05): between years = 0.6, between cultivars = 0.6, years x cultivars
interaction 1.0
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Genetic properties and growing conditions determined the ability of the
investigated cultivars to accumulate dry matter in tubers (Table 5). The lowest
amount of dry matter was accumulated by potatoes in the cold and wet year
2001, whereas in the remaining years, that is 1999 and 2000, the dry matter
content was much higher.

An accumulation of dry matter was higher in the tubers of Muza compared
with the remaining two cultivars. The ability of genotypes to accumulate dry
matter fluctuated as a result of an impact of the growing seasons, which is
confirmed by the significance of the years x cultivars interaction. In the years
1999 and 2001, which were not characterised by favourable conditions for
potatoes to accumulate dry matter, its content in Muza tubers was higher that in
Aster and Ania tubers. In the year 2000, when the average value of dry matter
reached the highest level, Muza differed significantly from the remaining
cultivars with respect to dry matter content.

Table 7 shows that the lowest value of variance of genotype stability, and so the
highest stability for dry matter content, was characteristic of Muza. However, the
interaction of this cultivar with the environment was the strongest, which can be
concluded on the basis of the highest value of ecovalence coefficient.

A cultivar factor significantly influenced the accumulation of vitamin C. Ania
was characterised by a higher vitamin C than Aster and Muza. Moreover, the
ascorbic acid content in the tubers of the investigated cultivars depended on
meteorological conditions, as it was indicated by the significance of years x
cultivars interaction. Over the whole period of research, Muza accumulated
a comparable amount of vitamin C in tubers. However, there was observed
a different response of vitamin C content to changing conditions of the growing
seasons, as far as the remaining two cultivars were concerned. The early Aster
cultivar accumulated far more vitamin C in the year 2000, when in July
moderate temperatures were accompanied by relatively high rainfall. Ascorbic
acid accumulation by Ania was most probably slowed down by high
temperatures in July and August 2001 as it was only then that the vitamin C
content in potato tubers was much lower than in the preceding seasons (Table 6).

Table 6.
Vitamin C content in the tubers of examined potato cultivars [mg%]
. Tear
Cultivar Mean
1999 2000 2001
Aster 214 1538 202 118
Muza 1232 nl 220 1
Ara 45 M2 219 135
Mean n7 134 214 5

Least significant difference (a0 = 0.05): between years = 0.7, between cultivars = 0.7, years x cultivars
interaction = 1.3
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On the basis of the evaluation of stability parameters for vitamin C content, it
can be concluded that there existed pronounced differences between both the
values of the variance of genotype stability and the ecovalence coefficients
calculated for the examined cultivars (Table 7). The highest and the lowest
values of variance were for Aster and Muza, respectively. a similar pattern was
observed with respect to the ecovalence coefficient, however, the lowest value
of the coefficient was obtained only for Ania.

Table 7.
Stability parameters for selected potato quality characteristics
Chality charactenst Stabily Colfivar
by o tenstic by pararmeters
Aster Muza Ama
5! 5320 17320 42320
Tuber yeld )
W 13,500 37300 33200
3 1.170 0505 0505
5tarch content
W, 0.140 0050 0210
5 0407 0312 1576
Starch field
W 0489 0857 07561
5 2620 1180 2500
Dy matter confent
W 0.740 2300 0540
5 35650 0010 2025
Vitanun C content
W, 2050 1820 0930

Vs, - Variance of genotype stability, W, - Ecovalence coefficient

The research showed that tuber yield and quality characteristics of edible
potato depended on the main effects. Also, the interaction of weather conditions
with cultivars proved to be significant.

Tuber yields of the examined cultivars differed significantly in the individual
years of studies, which was undoubtedly influenced by the distribution and
amount of monthly precipitation and temperatures recorded over the growing
seasons. Heavy rainfall in July and the first decade of August contributed to an
increase in yields mainly of late cultivars. It was demonstrated that, among the
examined cultivars, the highest yields were obtained for the Ania cultivar,
compared with the remaining two cultivars. Such a situation resulted from an
impact of the conditions of the 2000 growing season when the tuber yield of
Ania was the highest. In the remaining years, Muza was the highest-yielding
cultivar. As a result, it is difficult to decide on which cultivar could be
genetically stable under all kinds of the conditions of a growing season.

Starch and dry matter contents are genetically-conditioned but modified by
environment conditions, in particular temperature and precipitation over the
potato growing season. The years when warm and sunny weather prevails (just
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like it was in the year 1999), stimulate an accumulation by plants of the two
components. The year 2001 proved to be least favourable for starch and dry
matter accumulation because the initially wet and cold weather was followed by
high temperatures at the end of July and the beginning of August which did not
compensate for the negative conditions at the beginning of potato vegetation. In
the discussed experiment Ania and Muza accumulated more starch and dry
matter than Aster.

The cultivar factor influences vitamin C synthesis in potato tubers. However,
weather and environment conditions contribute to this process, too. The
examined cultivars accumulated more ascorbic acid when the temperatures were
moderate. High temperature in July and August 2001 slowed down the process
of vitamin C synthesis in the tubers of Ania and, as a result, the vitamin C
content in the tubers of this cultivar in the year 2001 was the lowest.

Stability parameters indicated that the examined cultivars reacted differently
to the changing environmental conditions, as far as all the characteristics were
concerned. The highest difference in the stability of genotypes was recorded for
tuber yield. Ania and Aster tended to be, respectively, the least and the most
stable as far as tuber yield was concerned. However, Aster was characterised by
the highest environmental variation with respect to starch, dry matter and
vitamin C contents. An analysis of stability variance indicated that, among the
investigated cultivars, the highest stability was characteristic of Muza because
the values of stability variance calculated on the basis of the results for dry
matter content, vitamin C content and starch yield were the lowest. The
environmental variation of this genotype was high for tuber yield and starch
content, yet it was not the highest. An interaction of genotypes with the
environment was different (marked differences between the ecovalence
coefficients). The highest values of this parameter and the highest differences
between them were observed for tuber yield as its ecovalence coefficient ranged
from 13.6 to 37.3 for Aster and Muza cultivars, respectively.

CONCLUSIONS

1. The genotype modified all the analysed potato quality characteristics and
potato yield. The lowest average values of the examined characteristics were
recorded for Aster. In general, Muza and Ania did not differ significantly.

2. The quality characteristics and tuber yield of the examined potato cultivars
depended on the environment. There was also significant genotype-environment
interaction for the investigated characteristics. The above-mentioned interaction
reflects a different response of cultivars to changing environmental conditions.
An analysis of the interaction did not make it possible to unambiguously choose
the most stabile genotype. For most characteristics (starch yield, dry matter
content, vitamin C content) Muza was most stable. Aster and Ania were most
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stable with respect to tuber yield and starch content, respectively.

3. The knowledge of cultivar reaction to environmental conditions allows
breeders to focus their work on the cultivars which assure stable tuber yields and
tuber quality characteristics. It will also make it possible to choose such
genotypes which, under given environmental conditions, perform best with
respect to the examined characteristics. An evaluation of genotype-environment
interaction should be included in reparations of agronomic recommendations for
new cultivars introduced into cultivation.

REFERENCES

Aastveit A.H., Mejza S. 1992. a selected bibliography on statistical methods for the analysis of genotype x
environment interaction. Biuletyn Oceny Odmian, 24-25: 83- 87.

Annicchiarico P. 2002. Genotype x environment interactions - challenges and opportunities for plant breeding
and cultivar recommendations. FAO, Rome. Plant Production and Protection Paper, 174.

Baker R. J. 2002. Genotype-environment interaction. http://homepage.usask.gxe.html.

Becker H.C., Leon J. 1988. Stability analysis in plant breeding. Plant Breeding, 101: 1-23.

Bombik A., Boliglowa E. 1994. Variability of table potato quality characteristics with recognition of leaf
fertilization. Fragm. Agron., 2(42): 52-57. (in Polish)

Bombik A., Stankiewicz C., Starczewski J. 2003. Genotype-environment interaction in the evaluation of
selected potato quality characteristics. Biul. IHAR, 226: 539-546. (in Polish)

Czajka S. 1995. Statistical methods for the analysis of a series of multiple experiments carried out in
incomplete block design. Biometrical Letters, 32: 101-129. (in Polish)

Gatek R., Bujak H., Kaczmarek J. 2000. Stability evaluation of valuation and qualitative traits of initial plant
material of spring rye based on five statistical parameters. Biul. IHAR, 216: 69-77. (in Polish)

Hill J., Becker H.C., Tigerstedt PM.A. 1998. Quantitative and ecological aspects of plant breeding. Chapmann
and Hall, London.

Kang M.S. 2002. Genotype-environment interaction: progress and prospects. In: M.S. Kang (Ed.), Quantitative
genetics, genomics and plant breeding, CAB International Wallingford, UK: 221-243.

Oktaba W. 2000. Methods of mathematical statistic in experimentation. PWN Warszawa. (in Polish)

Pietrzykowski R., Madry W., Warzecha R. 1996. Analysis of stability and adaptation of genotypem to
environment sof the base of multienvironmental serie sof experiments with maize. Biul. IHAR, 200: 33-
39. (in Polish)

Przybysz T. 1993. Planning and statistical analysis of multifactorial experiments Zesz. Nauk. AR, Krakow,
Sesja Naukowa, 278: 391- 405. (in Polish)

Roztropowicz S. 1989. Variation in chemical composition of potato tubers resulting from enviromental,
varietal and fertilization sources. Fragm. Agronom., 1(21): 33-76. (in Polish)

Shukla G.K. 1972. Some statistical aspects of partitioning genotype-environmental components of variability.
Heredity, 29: 237-245.

Teodorczyk A. 1998. Characterisation of some edible potato culinary traits in the light of literature. Biul. Inst.
Ziem., 28: 35-53. (in Polish)

Wricke G. 1965. Die Erfassung der Wechselwirkung zwischen Genotyp und Umwelt bei quantitativen
Eigenschafen. Pflanzenziichtung, 53: 266-343.

Yan W., Kang M.S. (2003): GGE biplot analysis: a graphical tool for breeders, geneticists and agronomists.
CRC Press, Boca Raton, FL.



