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ABSTRACT

Potato (Solanum tuberosum L.) is an important food and industrial crop, whose productivity and tuber
quality are strongly influenced by genotype-environment interactions. Increasing climatic variability,
particularly elevated temperatures and irregular precipitation, represents a major challenge for potato
production, especially under non-irrigated conditions. Therefore, the evaluation of varietal performance under
specific pedoclimatic conditions is essential for identifying genotypes with stable yield and desirable quality
characteristics. In this context, the present study investigated the agronomic performance and tuber quality of
12 potato varieties under the pedoclimatic conditions of Brasov, Romania, during two contrasting growing
seasons (2024-2025). Both seasons were characterized by pronounced climatic stress, particularly high
temperatures and low precipitation. Tuber yield and the protein, ash, and dry matter contents were analysed.
Analysis of variance (ANOVA) was performed to assess the significance of differences among varieties, while
Linear Discriminant Analysis (LDA) was applied to discriminate the varieties based on the four investigated
indicators. Significant genotypic variation was observed for yield, protein, ash, and dry matter contents. Mean
yield was relatively stable between years, increasing slightly from 16.79 t ha™ in 2024 to 17.25 t ha™ in 2025.
Azaria and Ervant consistently showed high yielding performance in both years, while Cosiana recorded the
lowest yield. Cosiana was distinguished by the highest protein and ash contents and a high dry matter content,
indicating a contrasting yield-quality profile. Protein content decreased from 2.15% in 2024 to 1.91% in 2025,
whereas ash and dry matter contents increased from 1.15 to 1.45% and from 19.04 to 21.12%, respectively. The
results demonstrate substantial genotypic variability and a significant influence of environmental conditions on
the expression of quality traits.
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INTRODUCTION by environmental conditions (Naeem et al.,

2021). At the same time, potato varieties

otato (Solanum tuberosum L.) represents differ considerably in their capacity to
the most widely cultivated non-cereal respond to  environmental  conditions,
crop, with a major role in global food and resulting in differences in both yield potential
nutritional security. Potato production and and yield stability (Haverkort and Struik,
breeding programmes increasingly focus not 2015; Kleinwechter et al., 2016). Recent
only on improving tuber yield but also on studies have further demonstrated that the
enhancing nutritional, technological, and productivity of potato varieties may vary
processing quality (Naeem et al., 2021; Kaur considerably among locations and growing
etal., 2026). seasons (Scavo et al., 2023; Tatarowska et
Tuber yield is a complex quantitative trait al., 2024; Pszczétkowski et al., 2025).
determined by the genetic potential of the Therefore, the identification of varieties
variety and its interaction with environmental capable of combining productivity with
and agronomic conditions. Potato quality and stable performance under specific
processing characteristics are strongly influenced pedoclimatic conditions remains an important
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objective of potato research and varieties
evaluation.

Among the quality characteristics, dry
matter content is particularly important
because it influences tuber texture, storage
behaviour, marketability, and suitability for
industrial processing. High dry matter content
is generally associated with improved
processing efficiency and product quality,
while also representing an important trait in
potato breeding programmes (Kaur et al.,
2026). However, dry matter content is
influenced by both genetic factors and
environmental conditions, and considerable
differences can occur among varieties,
locations, and growing seasons (Leonel et al.,
2017; Scavo et al., 2023). Recent studies
conducted under different agroecological
conditions have also emphasized the
importance of variety adaptation and
environmental variability in determining dry
matter accumulation and the technological
value of potato tubers (Tatarowska et al.,
2024; Pszczotkowski et al., 2025).

Protein content also contributes to the
nutritional value of potato tubers. Although
potato is not generally considered a high-
protein crop, its proteins are characterized
by a relatively favourable amino acid
composition and contribute to the nutritional
quality of the human diet (Camire et al.,
2009). Considerable genotypic variability in
tuber protein concentration has been reported,
indicating opportunities for the selection and
development of varieties with improved
nutritional characteristics (Naeem et al.,
2021). High-protein genotypes are preferred
in breeding programs aimed at special
nutrition, such as foods for infants or
vulnerable populations (Krauss et al., 2006).
Similarly, ash content, which provides an
overall indication of the mineral fraction of
potato tubers, may vary depending on
genotype and environmental conditions.
Differences in mineral accumulation among
potato genotypes have been reported in
association with substantial phenotypic and
genetic variation, (Pandey et al., 2023).

The expression of potato yield and quality
traits is not determined exclusively by the
genetic background of the variety. Previous

studies have demonstrated that growing
conditions can significantly influence the
chemical composition of potato tubers,
including dry matter, protein, and mineral
contents (Leonel et al., 2017). Genotype x
environment interactions may substantially
affect the expression and stability of
important ~ tuber vyield and quality
characteristics, meaning that the relative
performance and ranking of varieties can
vary across locations and growing seasons
(Scavo et al., 2023; Tatarowska et al., 2024;
Yousaf et al., 2026). Environmental variation
represents an important determinant of potato
productivity (Kleinwechter et al., 2016;
Pszczotkowski et al., 2025). Consequently,
varieties  evaluation under  specific
pedoclimatic conditions is essential for
identifying genotypes that are well adapted to
particular production environments and that
combine favourable vyield and quality
characteristics (Hussen, 2019).

Potato breeding plays an important role in
increasing  productivity and improving
nutritional quality on existing agricultural
land (Lindgvist-Kreuze et al., 2023). Studies
based on the evaluation of diverse potato
germplasm have demonstrated considerable
variation in agronomic, nutritional, and
quality-related traits, including tuber yield,
dry matter content, mineral composition, and
other yield components (Gowda et al., 2025).

The simultaneous evaluation of yield and
several quality-related traits provides a more
comprehensive characterization of potato
varieties than the analysis of individual
traits separately. In this context, multivariate
statistical approaches can complement
conventional analysis of variance by
identifying patterns of variation and
discriminating varieties according to their
overall agronomic and physicochemical
profiles.  Multivariate  analyses  have
previously been successfully applied to
characterize  differences among potato
varieties based on their physicochemical
characteristics, yield components, and
cultivation conditions (Bombik et al., 2023;
Gowda et al., 2025). These methods may
therefore contribute to a more integrated
interpretation of variety performance and
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facilitate the identification of groups of
genotypes with similar or contrasting
production and quality profiles.

Therefore, the present study aimed to
evaluate the performance of potato varieties
under the pedoclimatic conditions of the
experimental area over two consecutive
growing seasons, focusing on tuber yield,
protein, ash, and dry matter content. The
study assessed genotypic variability and the
influence of the growing season on these
traits. In addition to analysis of variance,
Linear Discriminant Analysis (LDA) was
used to differentiate varieties based on their
combined yield and quality characteristics,
contributing to the identification of genotypes
with favourable and relatively stable production
potential and distinctive nutritional and
technological quality profiles.

The selection of potato varieties
combining high productivity with vyield
stability may contribute to improved food
security at national and international levels
(Mbuma et al., 2024).

MATERIAL AND METHODS

A field experiment was conducted at
National Institute for Research and
Development for Potato and Sugar Beet
(NRDPSB) Brasov during two growing
seasons, 2024 and 2025 in a non-irigated
field conditions, in order to evaluate the yield
and quality of 12 potato varieties under the
pedoclimatic conditions of Brasov, Romania.
Yield, protein, ash, and dry matter contents
were analysed. The potato varieties included
in the study comprised the semi-early
varieties: Azaria, Ervant, Darilena, Sarmis,
Castrum, Cezarina, Marvis, Brasovia,
Asinaria, Sevastia, and the semi-late varieties
Cosiana and Foresta.

After harvest, tuber yield was determined
for each of the 12 potato varieties and
expressed in t ha™'. Laboratory analyses were
subsequently performed for each variety in
three replicates to determine dry matter
content using the oven-drying method, crude
protein content using the Kjeldahl method,
and ash content using the incineration
method.

Determination of dry matter content

Dry matter content was determined by the
oven-drying method. Tuber samples were
dried in an oven at 105°C until constant
weight was achieved. The dry matter content
was subsequently calculated as the
percentage of the constant dry weight relative
to the initial fresh weight of the sample.

Determination of crude protein content

The crude protein content of tubers from
the 12 potato varieties was determined using
the Kjeldahl method. Tuber samples were
ground and subjected to digestion with
concentrated sulfuric acid in the presence of a
catalyst, converting organic nitrogen into
ammonium  nitrogen. The digest was
subsequently alkalized, and the released
ammonia was distilled and quantified by
titration. Total nitrogen content was
calculated based on the amount of acid used
in the titration, while crude protein content
(%) was obtained by multiplying the nitrogen
content by the conversion factor of 5.7.

Determination of ash content

The ash content of potato tubers was
determined by incineration until the complete
removal of organic matter. A known amount
of the sample was subjected to combustion in
a muffle furnace at 500-600°C until a
constant mass was obtained. The crude ash
content, representing the inorganic residue
remaining after the complete combustion of
organic matter, was expressed as a percentage
of the initial sample mass and reflects the
total mineral content present in the potato
tubers.

Statistical data analysis

Statistical analyses were performed to
evaluate the variability among the 12 potato
varieties for yield and quality traits. Analysis
of variance (ANOVA) was performed using
POLIFACT software, and the significance of
differences between variety means was
assessed at the 5%, 1%, and 0.1% probability
levels. The least significant difference (LSD)
test was used for mean comparisons. Linear
Discriminant Analysis (LDA) was subsequently
performed using PAST 5 software to evaluate
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the discriminatory capacity of the four
investigated indicators (yield, protein, ash,
and dry matter) and to assess the
differentiation of potato varieties based on
their combined characteristics. Graphical
representations of the experimental results
and statistical outputs were generated using
Microsoft Excel.

RESULTS AND DISCUSSIONS

During the potato growing season (April-
September), both experimental years were
characterized by higher than normal
temperatures compared with the multi-year
average. The mean temperature exceeded the
multi-year average by 1.18°C in the first year
and by 0.55°C in the second year, indicating
generally warmer conditions during the
growing season (Tabel 1).

The first year was characterized by a more
pronounced water deficit, with total
precipitation being 150.6 mm below the
multi-year average. The most unfavorable
conditions occurred during July, August, and
September, when temperatures exceeded the
multi-year average by up to 5°C. In August,
this thermal stress was aggravated by low

precipitation, with only 29 mm recorded
compared with 76 mm in the multi-year
average. These combined conditions of high
temperature and insufficient water availability
were particularly unfavorable for potato
development.

The second year was also characterized by
above-average temperatures, particularly in
July, August, and September. Water availability
was also below normal, with a total
precipitation deficit of 85.44 mm. Notably, June
recorded relatively normal temperatures but
experienced a precipitation deficit of more than
90 mm, affecting crop development during an
important stage of the growing season.

The two years were characterized by
warmer and drier conditions than the multi-year
average, with the first year showing the more
pronounced climatic stress. The combination
of elevated temperatures and insufficient
precipitation, particularly during the summer
months, affected potato growth, vyield
formation, and tuber quality. These climatic
conditions may also explain part of the
differences observed among the 12 potato
varieties tested, as varieties can differ
considerably in their tolerance to heat and
water stress.

Table 1. Montly mean air temepature and rainfall recorded during potato growing season
compared with multi-year average (Brasov, 2024-2025)

Potato growing

Temperature and rainfall Year Month season

v IX (IV-1X)

2024 | 12.19 | 13.83 16.10 17.78

Monthly temperatures average (°C) | 2025 9.67 | 11.91 | 16.38 15.83 15.85
MYA* | 85 13.6 16.5 13.6 14.6

2024 | 4353 54.50 29.00 | 57.80 306.83

Monthly rainfall amount (mm) 2025 | 24.28 18.60 | 59.00 371.96
MYA* | 50 764 | 525 457.4

*multi-year average

The analysis of variance (ANOVA) (Table
2), based on the F-test values, revealed
different responses of the four traits to the
experimental factors year (YY) and genotype
(G) and to their interaction (Y x G).
Statistical ~ significance  was  assessed
according to the conventional probability
levels, where * indicates significant effects
(p < 0.05), ** indicates highly significant
effects (p < 0.01), and *** indicates very

highly significant effects (p < 0.001). Overall,
genotype factor (G) had a very highly
significant effect on all four agronomic traits.
A variable influence, ranging from non-
significant for Yield to very highly significant
for ash content was identified for the year
factor (Y). Importantly, the Y x G interaction
was very highly significant for all four traits,
demonstrating that the effects of the two
factors were not independent.
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Table 2. Summary of the ANOVA based on the effect of the experimental year, genotype and their interaction on
potato yield and tuber quality

Source of variation Yield Protein Ash Dry matter
Year (Y) 0.13 125.70** 1481.16*** 24.12*
Genotype (G) 36.09*** 48.89*** 37.64*** 34.73%**
Year x Genotype (Y xG) 5.46*** 12.26*** 28.99*** 5.52***

Consequently, the interpretation of the
individual effects of factors year and
genotype should be considered in relation to
their interaction, as the response of each trait
depended substantially on the particular
combination of factor levels.

Significant differences among genotypes
were observed for yield and the quality traits
analysed in both experimental years (Table 3).
The mean yield was relatively similar between
years, amounting to 16.79 t ha™ in 2024 and
17.25 t ha! in 2025. However, substantial
differences were recorded among genotypes. In
2024, Azaria exhibited the highest yield (25.41 t
ha™), followed by Ervant (23.96 t ha™!), Marvis
(21.59 t ha™'), and Sarmis (21.15 t ha™). Azaria
and Ervant significantly exceeded the annual

mean at P < 0.001, whereas Marvis and Sarmis
showed significant positive deviations at P <
0.01 and P < 0.05, respectively. Conversely,
Cosiana recorded the lowest yield (8.22 t ha™),
significantly below the mean (P < 0.001). In
2025, Ervant (25.99 t ha'), Castrum (25.01 t
ha™), and Azaria (23.64 t ha') were the most
productive genotypes, with highly significant
differences from the annual mean. Cosiana
(7.23 t ha') and Sevastia (7.84 t ha™) again
showed the lowest vyields, both being
significantly below the mean at P < 0.001.
These results indicate relatively stable high
yielding ability of Azaria and Ervant across the
two years, whereas the performance of Marvis
and Castrum was more dependent on the
growing year.

Table 3. The double interaction between year and genotype on yield and quality indices

Yield Protein Ash Dry matter
Year Genotype — - — - — - —
(tha) | Sigmficance (%a) Significance (%) Significance (%) Significance
Average ; : . .
AFARIA = 2541 FEE = 2125 ns = 105 s = 2129 FrE
ERVANT 2304 EkE - 18 000 = 12 ns = 1648 000
DARILENA |®  [1241 0 ol 1.95 0 = 1.25] ns = 2017 *
SARMIS - 2115 * e 1.82 000 i 0.92 0 = 1804 ns
CASTRUM = 1552 ns = 213 ns = 132 ns = 947 ns
2024 |CEZARINA |& 1474 ns = 205 ns - 0.9] 0 = 1849 ns
MARVIS = 21739 ** i 1.79 000 = 1.1 s = 2012 *
COSIANA - 322 000 = 295 Hkd e 1.39] * = 1998 ns
ERASOVIA |® 1292 0 = 2538 * I=! 109 ns = 1845 ns
ASINARIA = 17.7 s — 2[26] ns = 1004 s = 19.61 ns
FORESTA = 1474 ns =Y 235 Ak = 129 ns w1709 000
SEVASTIA |®  |13.08 0 e 1.94] 0 I=! 1.19 ns = 1908 ns
AFARTA 256 EEE = an * o 219 ok B 2241 *
ERVANT 2500 Ekd e 1.49] 000 w (.94 000 ® 1743 000
DARILENA |B&2 1428 ns = 1192 ns = 1 ** = 2177 ns
SARMIS = 1804 ns e 1.33 000 w 1.08 000 = 2007 ns
CASTRUM |&5 2501 EEE = 1.78 ns el 1.16 ] R 2221 *
2025 |CEZARINA |&0 1729 ns i 1.36 000 i 1.19] 00 1S 229 o
MARVIS = 16.74 ns = 20 ns il 1.11 000 e 22.05 ns
COSIANA v 723 000 e 15 wkd Y 25 ok =Y 23 A
BRASOVIA |2 16.01 s o 21 * i 1.08 000 = 2047 s
ASINARTA = 02 ns = 1.81 ns = 1.79] HkE = 2263 o
FORESTA = 1468 ns I=! 1.86| ns w (.88 000 i 13.8 000
SEVASTIA |= 7.84 000 s 224 FEE = 1.69] * hd 19] 000
LD (p 3%) 3.50 0.17 0.1% 1.02
LSD(p 1% 169 022 i 026 i 137
LD (p 0.1%)] 6.14 i 029 i 0.34 i 1.79
Note: nis, not significant; “*07 for P value <0.05; *“**” for P value < 0.01; ****_ 000" for P value <0.001
compared with the average of 12 genotypes (Ct.) within the same year (2024 or 2023)
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The protein content varied considerably
among genotypes, with an overall decrease in
the annual mean from 2.15% in 2024 to
1.91% in 2025. In 2024, Cosiana had the
highest protein content (2.95%), significantly
exceeding the mean at P < 0.001, followed by
Foresta (2.55%) and Brasovia (2.38%). In
contrast, Ervant (1.80%), Sarmis (1.82%),
Marvis (1.79%), and Sevastia (1.94%)
showed significantly lower protein contents
than the annual mean. A similar genotypic
pattern was observed in 2025, when Cosiana
again recorded the highest protein content
(2.50%; P < 0.001), while Sevastia (2.24%),
Azaria (2.11%), and Brasovia (2.10%) also
exceeded the annual mean significantly.
Ervant, Sarmis, and Cezarina had
significantly lower values. The consistently
high protein concentration of Cosiana,
combined with its low vyield, suggests a
potential negative association between
productivity and protein concentration.

The ash content showed an opposite
annual trend, increasing from 1.15% in 2024
to 1.45% in 2025. In 2024, Cosiana had the
highest ash content (1.39%; P < 0.05),
whereas Sarmis (0.92%) and Cezarina
(0.90%) had significantly lower values.
Genotypic differences were more pronounced
in 2025. Cosiana exhibited the highest ash
content (2.52%; P < 0.001), followed by
Azaria (2.19%; P < 0.001), Asinaria (1.79%;
P < 0.001), Darilena (1.77%; P < 0.01), and
Sevastia (1.69%; P < 0.05). In contrast,
Ervant, Sarmis, Marvis, Brasovia, and
Foresta showed significantly lower ash
contents than the annual mean. The marked
increase in ash content observed for Cosiana
and Asinaria in 2025 indicates a pronounced
genotype x year response for this trait.

Dry matter content increased from an
average of 19.04% in 2024 to 21.12% in
2025. In 2024, Azaria recorded the highest
dry matter content (21.29%; P < 0.001),
while Darilena (20.17%) and Marvis
(20.12%) also significantly exceeded the
annual mean. Ervant (16.68%) and Foresta
(17.09%) had significantly lower values. In
2025, the highest dry matter content was
recorded for Cosiana (23.00%; P < 0.001),
followed by Cezarina (22.90%; P < 0.01),

Asinaria (22.63%; P < 0.01), Azaria (22.43%);
P < 0.05), and Castrum (22.23%; P < 0.05).
Ervant, Foresta, and Sevastia showed
significantly lower dry matter contents than
the annual mean.

The LDA biplot (Figure 1) revealed a clear
differentiation among potato  varieties
according to yield and tuber quality traits, as
well as their response to the contrasting
environmental conditions recorded in 2024
and 2025. The first two axes explained
83.29% of the total variation, with Axis 1
accounting for 49.03% and Axis 2 for
34.26%, indicating that the biplot provides a
reliable  representation of the main
differences among varieties and growing
years. Yield was strongly oriented towards
the positive direction of Axis 2, indicating a
close association between this axis and
productive performance. Varieties positioned
in the upper part of the biplot, particularly
Azaria in 2024 and Castrum and Azaria in
2025, were therefore associated with higher
yield performance. In contrast, varieties
positioned towards the lower part of the
biplot showed a weaker association with
yield.

Dry matter (DM) was oriented towards the
negative direction of Axis 1 and the positive
direction of Axis 2. This positioning
indicates that varieties located in the upper-
left region, such as Marvis in both years and
Brasovia in 2025, were more closely
associated with dry matter content.

Temperature and protein content were
oriented mainly towards the positive
direction of Axis 1. Consequently, varieties
distributed on the right side of the biplot,
particularly several varieties evaluated in
2024, showed a closer association with these
characteristics. Ash content, being positioned
close to the origin, appeared to have a
comparatively lower contribution to the
differentiation of varieties within the first two
axes.

A clear separation between the two
experimental years can also be observed. The
2025  varieties  were  predominantly
distributed on the negative side of Axis 1,
whereas most of the 2024 varieties were
positioned on the positive side of Axis 1.
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This  pattern  suggests that  the
environmental conditions prevailing in the
two growing seasons had an important
influence on variety performance and tuber
quality. The greater dispersion of the varieties

between years also indicates that their
agronomic response was nhot uniform,
highlighting differences in adaptability to
environmental conditions.

2025

ASINARIA

34.26%

DM,

MARVTS

Axis 2

-3.00 2.25 1.5 0.75

COSIANA

=
DARILENA

X

SEVASTIA 1.504

m 2024
Yield
004 ‘
AZARIA
11
|
ZARIA [
1.504
|
garvis|]
ASOVla ERVANT ASINARIA
Tex - v .
Prot | = .5 225 3.00
g SARMIS ERVANT [zl
.- COSIANA
CASTRUM
-0.754 C ST
STA = BRASOVIA R
CEZARINA
ASTIA
-3.004
Axis 1 49.03%

Figure 1. Linear Discriminant Analysis (LDA) in 12 potato varieties based on yield, proteine,
ash and dry matter content

The position of Azaria, as it was located in
the positive direction of Axis 2 in both years,
with the 2024 sample showing a particularly
strong association with vyield. Similarly,
Castrum showed a favourable position in
2025, being located in the upper part of the
biplot and therefore closer to the yield vector.

CONCLUSIONS

The study demonstrated significant
genotypic variability among the 12 potato
varieties evaluated under the pedoclimatic
conditions of Brasov during 2024 and 2025.
Yield performance was relatively stable
between vyears, with Azaria and Ervant
showing the most consistent  high
productivity, while Cosiana recorded the
lowest vyield. In contrast, Cosiana was
characterized by the highest protein and ash
contents and a high dry matter content,

highlighting a distinct yield—quality profile.
The differences observed between years,
particularly for protein, ash, and dry matter,
indicate a considerable environmental
influence on quality traits. Overall, the results
confirm that the simultaneous assessment of
yield and quality parameters is essential for
identifying potato varieties with superior
performance and adaptation to the
pedoclimatic conditions of the Brasov area.
Variety performance was influenced by
both genetic characteristics and growing-year
conditions. The differentiation observed in
the biplot indicates that some varieties were
more closely associated with high vyield,
whereas others were characterized by higher
dry matter or by traits related to temperature
and protein content. These results emphasize
the importance of selecting varieties not only
according to their yield potential, but also
according to their adaptability, yield stability,
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and tuber quality under contrasting
environmental conditions. Such
characteristics are particularly relevant
for potato production under increasingly
variable climatic conditions.

ACKNOWLEDGEMENTS

The paper is part of the Project PN 23-19-
02-01/2023, funded by Ministry of Research,
Innovation and Digitalization - Romania and
Project ADER 5.1.5. funded by Ministry of
Agriculture and Rural Development.

REFERENCES

Bombik, A., Rymuza, K., Olszewski, T., 2023.
Multidimensional assessment of yield and quality
of starchy potato varieties. Agronomy Science,
78(4): 161-173.
https://doi.org/10.24326/as.2023.5240

Camire, M.E., Kubow, S., Donnelly, D.J., 2009.
Potatoes and human health. Critical Reviews in
Food Science and Nutrition, 49(10): 823-840.
https://doi.org/10.1080/10408390903041996

Gowda, K.H., Amarananjundeswara, H., Fakrudin, B.,
Vasudeva, K.R., Kattegoudar, J., Doddabasappa,
B., 2025. Genetic parameters, phenotypic
diversity, selection differential and gain analysis
through EFA, HCA and multivariate analysis for
growth, yield and yield components in potato
(Solanum tuberosum L). Gene Reports, 40, 102225.
https://doi.org/10.1016/j.genrep.2025.102225

Haverkort, A.J., and Struik, P.C., 2015. Yield levels of
potato crops: Recent achievements and future
prospects. Field Crops Res., 182: 76-85.
https://doi.org/10.1016/j.fcr.2015.06.002

Hussen, S., 2019. Review on genetic variation in potato
(Solanum tuberosum L.) for processing quality
traits. J. of Natural Sciences R., 9(12): 31-36.

Kaur, R.P., Luthra, S.K., Devi, S., Sugani, D., Yadav,
S., Kumar, R., 2026. Potato tuber dry matter: A
critical trait for breeding, processing and
productivity. Potato J., 52(2): 262-279.

Kleinwechter, U., Gastelo, M., Ritchie, J., Nelson, G.,
Asseng, S., 2016. Simulating variety variations in
potato yields for contrasting environments.
Agricultural Systems, 145: 51-63.

Krauss, A., Marschner, H., Haase, N.U., 2006. Nutritional
quality of potatoes: a review of potential breeding
strategies. Journal of Agronomy and Crop Science,
192(5): 253-258.

Leonel, M., do Carmo, E.L., Fernandes, A.M., Soratto,
R.P., Eblrneo, JAM., Garcia, E.L., Dos Santos,
T.P.R., 2017. Chemical composition of potato
tubers: the effect of varieties and growth conditions.
J. Food Sci. Technol., 54(8): 2372-2378.
doi: 10.1007/s13197-017-2677-6

Lindgvist-Kreuze, H., Bonierbale, M., Griineberg,
W.J., Mendes, T., De Boeck, B., Campos, H.,
2023. Potato and sweetpotato breeding at the
international potato center: approaches, outcomes
and the way forward. Theor. Appl. Genet., 137(1): 12.
doi: 10.1007/s00122-023-04515-7

Mbuma, N., Steyn, P., Laurie, S., Labuschagne, M.,
Bairu, M., 2024. Phenotypic Diversity of Released
South African Bred Potato Varieties for Tuber
Yield and Processing Quality. Potato Research, 68:
1397-1417.
10.1007/s11540-024-09790-5

Naeem, M., Demirel, U., Yousaf, M.F., Caliskan, S.,
Caliskan, M.E., 2021. Overview on domestication,
breeding, genetic gain and improvement of tuber
quality traits of potato using fast forwarding
technique (GWAS): A review. Plant Breeding, 140:
519-542.
https://doi.org/10.1111/pbr.12927

Pandey, J., Gautam, S., Scheuring, D.C., Koym, JW.,
Vales, M.1., 2023. Variation and genetic basis of
mineral content in potato tubers and prospects for
genomic selection. Frontiers in Plant Science, 14,
1301297.
https://doi.org/10.3389/fpls.2023.1301297

Pszczotkowski, P., Sawicka, B., Niazi, P., Barba’s, P.,
Krochmal-Marczak, B., 2025. Agroecological
Determinants of Yield Performance in Mid-Early
Potato Varieties: Evidence from Multi-Location
Trials in Poland. Land, 14, 1777.
https://doi.org/10.3390/1and14091777

Scavo, A., Mauromicale, G., Anita, I., 2023. Genotype
x environment interactions of potato tuber quality
characteristics by AMMI and GGE biplot analysis.
Scientia Horticulturae, 310, 111750.
https://doi.org/10.1016/j.scienta.2022.111750

Tatarowska, B.E., Plich, J., Milczarek, D., Boguszewska-
Mankowska, D., Zarzynska, K., 2024. Genotype by
Environment Interaction (GEI) Effect for Potato
Tuber Yield and Their Quality Traits in Organic
Multi-Environment Domains in Poland. Agriculture,
14, 1591.
https://doi.org/10.3390/agriculture14091591

Yousaf, M.F., Romé, H., Bagge, M., Timmermann, M.,
Jensen, J., Chu, T.T., 2026. Genetic Ranking of
Potato Varieties is Different in Scandinavian and
Mediterranean Environments. American Journal of
Potato Research, 103: 527-538(2026).
https://doi.org/10.1007/s12230-026-10059-5



