ARTICULO DE INVESTIGACION

Revista Latinoamericana de la Papa 20 (2): 26 — 36 ISSN: 1853-4961
http://www.papaslatinas.org/ojs/index.php/index/oai

Genetic parameters associated with tuber yield and tuber appearance traits of potatoes
in early generations of selection

L.R. Terres': E.A. Lenz"": F.F. Cima’: G.O. Silva®: A. da S. Pereira®

Received: 20/06/2016
Accepted: 15/07/2016
Accessible on line: December 2016
Summary

The knowledge of genetic parameters of traits, in early generation selection, is important for
breeding programs to define strategies and obtain success. The objective of this study was to
estimate genetic parameters of yield components and tuber appearance traits in early selection
generations of potatoes and their implications in the selection process. Twelve segregating
potato families originated from crosses between two groups of parents of the Embrapa potato
breeding program were evaluated. Group 1 was formed by foreign potato parents: Pukara,
Asterix, Rioja, and Caesar; and group 2, by national parents: Eliza, C1730-07-94, and C1750-
15-95. The experiment was conducted in autumn seasons of 2012 and 2013. A randomized
complete block design with three replications was used. Considering all traits together,
Pukara/Eliza, Asterix/Eliza, and Rioja/Eliza families had the highest means on a large
number of tuber appearance and yield traits. The results of this study suggest that selection
may be applied with mild to moderate intensity in the seedling generation for skin texture,
tuber general appearance, tuber number, average tuber weight and total tuber yield, based on
the moderate to high heritability estimated on the seedling generation. The highest selection
gains were for skin texture, tuber general appearance, tuber number, average tuber weight and
total tuber yield.

Additional key words: Solanum tuberosum L., seedling generation, heritability.

Parametros genéticos associados a caracteres de aparéncia e rendimento de tubérculos
de batata em geracdes iniciais de selecdo

Resumo

O conhecimento de parametros genéticos dos caracteres em geracOes iniciais de selecdo é
importante para que programas de melhoramento definam suas estratégias e com isso,
obtenham sucesso. O objetivo do presente trabalho foi estimar pardmetros genéticos de
caracteres componentes de rendimento e de aparéncia de tubérculos de batata nas primeiras
geracOes de selecdo e suas implicacdes no processo de selecdo. Foram avaliadas 12 familias
segregantes de batata, originadas de cruzamentos entre dois grupos de genitores. O grupo 1
foi formado pelos genitores estrangeiros: Pukara, Asterix, Rioja e Caesar; e 0 grupo 2, pelos
genitores nacionais: Eliza, C1730-07-94 e C1750-15-95. O experimento foi realizado nas
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safras de outono de 2012 e 2013, em delineamento de blocos ao acaso, com trés repetigdes.
Considerando, conjuntamente, os resultados de todos os caracteres, destacaram-se as familias
de Pukara/Eliza, Asterix/Eliza e Rioja/Eliza, por apresentarem as melhores médias, em um
maior numero de caracteres de aparéncia e rendimento de tubérculo. Os resultados
encontrados neste estudo sugerem que se pode aplicar selegdo, com intensidade de leve a
moderada, na geracdo de plantula para os caracteres textura de pelicula, aparéncia geral de
tubérculo, nimero, massa e massa media de tubérculos, com base nas estimativas de
herdabilidade moderada a alta, obtidas na geracdo de plantula. Os maiores ganhos de selecao
para estes caracteres foram nos caracteres textura de pelicula, aparéncia geral de tubérculo,

ndmero, massa € massa média de tubérculos.

Palavras-chave adicionais: Solanum tuberosum L., geracdo de plantula, herdabilidade.

Introduction

Most of the potato produced in Brazil goes
to fresh market, where tuber appearance is
the key factor for marketing. The Brazilian
consumers prefer smooth and glossy tuber
skin, especially of yellow skin tuber
cultivars (Pereira and Daniels, 2003).

In potato breeding, more than 40 traits are
involved in the selection process
(Gebhardt et al., 2007). In this sense, the
development of new cultivars must
consider many traits simultaneously. To
identify superior clones in the selection
process breeders need to assess, on the
whole, the appearance and tuber vyield
traits (Melo, 1999).

Tuber appearance and tuber yield are
complex traits, composed of a number of
simpler traits, thus presenting low
heritability (Tai and Young, 1984).
However, their component traits present
genetic parameter estimates of greater
magnitude, enabling more efficient
selection (Silva et al., 2008a). Skin texture
and skin color are the most important tuber
appearance traits, whereas tuber number
and average tuber weight are the most
important tuber vyield traits, presenting
higher heritability estimates (Gopal et al.,
1994; Rodrigues and Pereira, 2003; Silva
et al., 2008a).

As for the selection in early generations,
which depends on trait expressions in

smaller and less tubers, some authors
attribute low efficiency (Brown et al.,

1984; Pinto et al., 1999; Gopal et al.,
1994), while others believe that it is
possible to make negative selection for
some traits (Bisognin and Douches, 2002;
Xiong et al., 2002; Silva et al., 2008b).
The elimination of inferior genotypes as
soon as possible, through the selection in
early generations, prevents inferior
genotypes to be maintained in the field,
reducing costs by using less inputs,
planting area and labor (Silva et al., 2011).

The aim of this study was to estimate
genetic parameters for tuber yield and
tuber appearance traits, in early
generations of  selection, and its
implications in the selection process.

Materials and methods

Experiments were conducted in the
experimental field of Embrapa Temperate
Agriculture, in Pelotas, RS, Brazil
(31°40'18" S, 52°26'15" W, and 60
m.a.s.l.). The Podzolic red-yellow soil type
was fertilized at planting time with 100 N,
600 P,Os and 200 K,O kg ha™. Twelve
potato segregating families, originated
from crossings between two parent groups
were used in the study: Group 1, formed
by foreign parents: ‘'Pukara’, 'Asterix’,
‘Rioja’, and 'Caesar; Group 2, with
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Brazilian parents: 'Eliza’, 'C1730-7-94,
and 'C1750-15-95".

In autumn of 2012, the seedling generation
was grown in plastic, screen-house Sexual
seeds were germinated in wooden boxes
and seedlings were transplanted to 2L
plastic bags, filled with commercial
substrate (peat added with 0.04% N, 0.04
P205, and 0.05%). Seedlings were
distributed in a randomized complete
block design with three replications. Each
plot consisted of a 25 seedling sample,
randomly taken, at the time of
transplanting, to represent each family.
Seedlings were spaced 0.10 m, within and
between lines. Eighty days after
transplanting, tubers were harvested,
identified and transported to appropriate
facilities.

Tubers were evaluated immediately after
harvesting. For tuber appearance traits, the
evaluations followed scales of nine classes
as: skin texture (1- rough, 9- smooth), eye
depth (1- deep, 9- shallow), eyebrow
prominence (1- prominent, 9- not
prominent), shape (1- round, 9- elongated),
size uniformity (1- uneven, 9- uniform),
pointing (1- pointed, 9- not pointed),
curvature (1- curved, 9- not curved),
flattening (1- flattened, 9- not flattened),
size (1- small, 9- large), and overall
appearance (1- very poor, 9- excellent).
Good-looking tubers were considered
those which presented smooth skin,
shallow eyes, not prominent eyebrow,
uniform shape, not pointed, not curved, not
flattened, and uniform size (Silva et al.,
2014).

Tuber vyield traits were evaluated as:
number of tubers per plant, total mass of
tubers per plant, and average tuber weight.

After evaluations, tubers were stored in
cold storage at 4°C to be used as seed for
the first field generation experiment,
which was conducted in the autumn season
of 2013. For this experiment three
medium-sized tubers of each genotype
were planted in the field, forming the
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experimental unit, and using the same
experimental design of the seedling
generation.  Again, the plots were
evaluated immediately after harvesting,
following the same criteria.

The data were tested for normality of
residuals using the Lilliefors test.
Subsequently, the data of each generation
were submitted to analysis of variance and
means were grouped by the Scott and
Knott test at 5% error probability, using
the Genes statistical package (Cruz, 2013).

For the analysis of variance, the statistical
model used was as follows (Cruz and
Regazzi, 2001):

Yij = 1+ g; + ejj, for families,

where Yj; is the observation on the ith
genotype in the jth block; p is the overall
mean; g; is the random effect of the ith
genotype confounded with environment
effects; e is the experimental error
associated to Y;; observation.

Variance components and heritability were
estimated according to Vencovsky and
Barriga (1992), by the formula:

- 99
o2y +o2e+r’

where 629 is the genetic variance, o2 is
the error variance and r is the number of
replications.

The selection gain (GS), at 10% selection
intensity, was calculated according to the
formulae:

GSi = ngihia

where K is the selection intensity, og; is the
genetic standard deviation of the trait and
h; is the heritability (Cruz, 2006).

Results and Discussion

The normality of the data of the seedling
generation and of the first field generation
showed non-normal error distribution for
eye depth and tuber flattening, even after
transformation; therefore, these two traits
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were taken out of further statistical
analyzes.

The joint analysis of variance of the two
generations detected significant family x
generation interaction (p < 0.05) for skin
texture, tuber shape, overall tuber
appearance, uniformity of tuber size, tuber
number, tuber yield and average tuber
weight (Table 1). Interactions for yield
component traits might be ascribed to
differences in the size and number of
tubers produced by the generations. For
eyebrow prominence, uniformity of tuber
shape, tuber pointing, tuber curvature, and
tuber size, there were significant
differences only generation.

Coefficients of variation were in
agreement with those reported by Silva et
al. (2007) and Verissimo et al. (2012), in
studies of seedling and first generations of
selection (Table 1). According to Carvalho
et al. (2004), the coefficient of variation is
a relative measure of dispersion. It is of
great use for comparison, in relative terms,
the degree of concentration around the
average, giving an idea of the experimental
precision, and can be classified as low
(<10%), medium (10-20%), high (20-
30%), and very high (>30%).

The CVg/CVe ratio (genetic coefficient of
variation/ environmental coefficient of
variation) assumed values greater than one
for tuber number and average tuber
weight, which are considered optimum for
selection (Cruz and Carneiro, 2006) (Table
1). For other traits, the ratio was less than
unity, showing great influence of the
environment at the expense of genetic
variation.

Comparing coefficients of variation of the
group which showed significant family per
generation interaction, it can be observed
that all traits showed lower values in the
first field generation than in the seedling
generation (Table 2). This is indicative of
greater experimental precision in the first
field generation, and can be attributed to
larger tuber size and number in this
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generation than in the seedling generation,
which allows a better evaluation of these
traits. In the seedling generation, the plant
growth and tuber development were
restricted by 2 L pot size.

The expected progress from selection
depends on the heritability, the selection
intensity, and the phenotypic standard
deviation of the trait (Dudley and Moll,
1969; Simmonds, 1979). In this study,
heritability estimates and experimental
precision (coefficient of variation) were
higher in the first field generation, as
compared with the seedling generation for
skin  texture, shape, overall tuber
appearance, uniformity of size, number
and average tuber weight (Table 2). These
results, however, do not agree with those
reported by Silva et al. (2007), who in a
study of seedling generation grown in
screen-house, verified better expression of
genetic variability, probably due to greater
environmental effect on the field
generation. On the other hand, the results
are in agreement in relation to heritability
estimates for tuber yield, which was higher
in the seedling generation than in the first
field generation. It can be ascribed to
greater genetic variability in the screen-
house than in the field.

The heritability for skin texture and overall
tuber appearance, in the two generations,
were higher than estimates reported by
Silva et al. (2008), in a study of
populations derived from combinations
between parents contrasting in skin
texture. However, the skin texture
estimates were lower than the high values
observed by Love et al. (1997), which
included parents with extremely rough
skin.

The moderately high value estimated for
the overall tuber appearance does not
agree with low estimates reported by Tai
and Young (1984) and Maris (1988).

Heritability — estimates for  eyebrow
prominence, shape uniformity, tuber
pointing, and tuber curvature were lower
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than those reported by some other authors
(Pinto, 1999; Love et al., 1997; Silva et
al., 2008) (Table 3).

Gains expected from selection can be
increased by reducing non-heritable
variation. In this study, the responses to
selection were consistent with the
heritability and genetic variance of the
trait, in which the traits with higher
heritability and genetic variation showed
higher expected advances from selection
(Tables 2 e 3).

Selection gains expected for the seedling
generation are according to Love et al.
(1997), which suggested application of
light selection for tuber number and tuber
yield (Table 2). These authors also
concluded that selection should not be
applied in the seedling generation for
uniformity of tuber size and tuber shape,
which are also consistent with the
selection gains estimated in this study.

Although larger heritability estimates for
skin  texture, shape, overall tuber
appearance, uniformity of size, tuber
number and yield found in this study are in
the first field generation, expected
responses to selection in the seedling
generation were higher, in agreement with
the larger genetic variations in this
generation (Table 2).

For the average tuber weight, the expected
responses to selection were slightly higher
in the first field generation than in the
seedling generation.

In the process of cultivar development, a
breeder looks for generation of populations
with  high means and wide genetic
variability for the traits of interest
(Simmonds, 1979). For skin texture,
Caesar/C1730-7-94, Pukara/C1730-7-94,
Asterix/Eliza, Pukara/C1750-15-95,
Rioja/Eliza, Asterix/C-1750-15-95, and
Pukara/Eliza families had higher means
(smooth) for both generations (Table 2).
By grouping family means in every
generation, three groups were formed in
the seedling generation (Table 2). The
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families derived from crosses involving
‘Pukara” as  parent, along  with
Asterix/Eliza, Asterix/C1750-15-95,
Caesar/C1730-07-94, and Rioja/Eliza
families formed the top group.

According to Silva et al. (2007), tuber
shape is a highly repeatable trait when
analyzed  between  generations, by
presenting consistent data. They observed
that the genotypes are also grouped
similarly in early generations. In this
study, there were no differences between
generations for this trait (Table 1).

Only the Caesar/Eliza family showed
different shape between generations, with
rounder tubers in seedling generation. In
the seedling generation, the Caesar/Eliza
family produced more rounded tubers,
while Rioja/C1730-07-94 and
Rioja/C1750-15-95 families formed the
intermediate mean group in tuber shape.
The other families had higher means, i.e.,
more elongated tubers. In the first field
generation it was not possible to separate
families in groups (Table 2).

Overall tuber appearance is a very
important trait for marketing due to
consumer preference (Silva et al., 2008).
In this study, all families were superior for
overall tuber appearance in the first field
generation, which may result from larger
tubers in this generation than in the
seedling generation, facilitating the visual
evaluation (Table 2). In the seedling
generation, family means were classified
into three groups. The Caesar/Eliza family
group had the lowest overall tuber
appearance mean, and Rioja/C1730-07-94,
Caesar/C1750-15-95, and Rioja/Eliza
families formed the intermediate group.
Families in which one parent was the
Pukara’ or ‘Asterix’, and Rioja/C1750-15-
95 and Caesar/C1730-07-94 crosses
formed the best looking group. In the first
field generation, Pukara/Eliza,
Asterix/C1750-15-95, Rioja/C1730-07-94,
Caesar/Eliza, Caesar/C1750-15-95,
Asterix/C1730-07-94, and Rioja/Eliza
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families stood out with the best overall
tuber appearance means.

For the uniformity of tuber size, families
that included Pukara as a parent and the
family derived from Asterix/Eliza cross
had higher means in the seedling
generation than in the first field
generation. In the first field generation it
was not possible to differentiate between
families, but at seedling generation level it
was. Families from crosses including
Pukara or Asterix, and the Caesar/C1750-
15-95 family formed the highest mean
group, that is, tubers with higher
uniformity of size, while the others were
less (Table 2).

In relation to the vyield traits (tuber
number, tuber yield, and average tuber
weight), all families had higher means in
the first field generation than in the
seedling generation. That was expected,
given the limited volume of substrate in
the pot for the development of tubers. The
lower yield of smaller tubers has been
reported by some authors as the main
difficulty in applying selection in the
seedling generation (Brown et al., 1984;
Pinto et al., 1999; Gopal et al., 1994;
Verissimo et al., 2012). As for the tuber
yield, the family means did not show
significant differences in the seedling
generation, but they did show differences
in the first field generation, separating into
two groups. Pukara/Eliza, Asterix/Eliza,
Rioja/C1730-07-94, and  Rioja/Eliza
family formed the upper group.

As for the tuber number in the seedling
generation, family means were separated
into three groups, with those derived from
Pukara/C1750-15-95 and Pukara/Eliza
crosses stood out with the highest number
of tubers per plant, while the smallest
mean were obtained by Caesar/C1750-15-
95 and Caesar/Eliza families. The other
families formed an intermediate group. In
the first field generation, three groups were
formed, and the top group was composed
solely by the Asterix/Eliza family,
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followed by the Pukara/Eliza family
group. The other families constituted the
lower mean group. The tuber number is an
important trait for the seedling generation,
since it allows taking a more
representative portion to the field, with a
larger number of individuals per genotype,
providing greater security for selection in
this generation.

Regarding average tuber weight, family
means were separated into groups in both
generations. Rioja/C1730-07-94,
Rioja/C1750-15-95, Asterix/C1730-07-94,
Caesar/C1730-07-94 and  Rioja/Eliza
families formed the group with the highest
means in the seedling generation. In the
first field generation, four mean groups
were constituted, outstanding Rioja/Eliza
and Caesar/C1750-15-95 families,
followed by Rioja/C1730-7-94 and
Caesar/C1730-07-94 families.

For tuber appearance traits, eyebrow
prominence, uniformity of tuber size, tuber
curvature and tuber pointing there were
significant  differences only between
generations, no being detected differences
among families or significant interaction.
Although the small tuber size in the
seedling generation hinders the visual
evaluation of some traits (Verissimo et al.,
2012), for eyebrow, tuber curvature and
tuber pointing, it was possible to evaluate
the tubers for these traits. It is noticed by
lower scores, i.e., more tubers with
prominent eyebrow, curved and pointed
shape in the seedling generation.

Regarding the uniformity of tuber shape,
tubers presented higher mean, i.e., more
uniform tubers in the seedling generation
as compared to the first field generation.
Considering the family means for all the
traits, Pukara/Eliza, Asterix/Eliza, and
Rioja/Eliza families were outstanding.

Conclusions

Selection can be applied in the seedling
generation for skin texture, tuber number
and tuber size and overall tuber
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appearance, but with mild to moderate
intensity. The largest selection gains are
for skin texture, overall tuber appearance
tuber, tuber number, tuber yield, and
average tuber weight.
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Table 1. Joint analysis of variance (mean square) for yield and overall tuber appearance traits, of the seedling generation and the first field generation, of 12

potato families. Pelotas, RS, Brazil, 2015.

Mean square

TEX!

Source of variation DF EBR SHA USH POl CUR APP SIz USI  TBN YIE ATW
Block 2 0.57 0.69 0.53 0.96 1.68 0.88 0.06 0.46 0.98 0.47 759.45 3.52
Family (F) 11 1.60* 106 1.12* 121 1.34 1.28 0.14 0.84 0.98 287 811.15* 102.10*
Generation (G) 1 6.78* 68.83* 1.07 29.77* 14.85* 20.37* 106.33* 6.00* 20.16* 74.92* 1042678.7* 30090.13*
FxG 11 1.96* 1.01 110 0.67 1.49 144 049 084 148 1.18* 574* 39.02*
Error 44 0.38 0.78 0.48 0.88 0.76 0.83 0.09 0.45 0.77 0.20 291.34 7.15
CVe (%) 12.8 12.6 12.7 143 10.9 11.3 9.9 11.8 141 10.0 10.4 7.8
Mean - 4.8 7.0 55 6.6 8.0 8.1 3.2 5.7 6.2 4.4 164.5 34.2
CVg/CVe (%) 0.73 0.24 047 0.24 0.35 0.29 0.27 0.38 0.21 1.46 0.54 1.48

L TEX: skin texture; EBR: eyebrow prominence; SHA: tuber shape; USH: uniformity of tuber shape; POI: tuber pointing; CUR: tuber curvature; APP: overall tuber
appearance; SIZ: tuber size; USI: uniformity of tuber size; TBN: tuber number; YIE: tuber yield; ATW: average tuber weight.

* Significant at 5% error probability by the F test.

CVe: coefficient of environmental variation.
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Table 2. Means and genetic parameter estimates for tuber overall traits in the seedling generation (GO0) and in the first field generation (G1), for 12 segregating
potato families. Pelotas, RS, Brazil, 2015.

Tuber skin Tuber Tuber oveall Uniformity of Tuber Tuber Average tuber
Family texture shape appearance tuber size number yield weight
Genetic parameter GO Gl GO Gl GO Gl GO Gl GO Gl GO Gl GO Gl
Asterix/C1750-15-95 63A a 43B a 66A a 56Aa 24B a 44Aa 70 Aab8A a 34Bb 60A c384B a2680 Ab 130B b 449 A d
Pukara/Eliza 62A a 51B a 59A a 50Aa 20B a 44Aa 73 Aab52B a 50Ba 65A b518B a 3001 Aa 120B b 483 A d
Caesar/C1730-07-94 61lAa 42B a 65A a 60Aa 21B a 40Ab 65 Ab54A a 28Bc 48 A c 429B a 2749 A b 149 B a 59.7A b
Asterix/Eliza 6lA a 43B a 57A a 53Aa 24B a 41Ab 77 Aab3B a 39Bb 76 A a397B a3276 Aa 118 B b 508 A d
Pukara/C1730-07-94 58A a 40B a 58A a 51Aa 22B a 38Ab 76 Aab4B a 37Bb 57A c 421B a 2597 Ab 124 B b 488 A d
Pukara/C1750-15-95 55A a 49A a 62A a 53Aa 21B a 43Ab 77 Aa6lB a 49Ba 54 A c 494 B a 2608 Ab 113 B b 495A d
Rioja/Eliza 52A a 46A a 57A a 50Aa 19B b 46Aa 62 Ab59A a 34Bb 49 A c564B a 3042 Aa 182B a 657A a
Rioja/C1750-15-95 48A b 42A a 50A b 53Aa 21B a 42Ab 63 Ab56A a 31Bb 51A c 448B a 2747 A b 153 B a 554 A ¢
Asterix/C1730-07-94 46 Ab 48A a 54A a 58Aa 17B a 46Aa 70 Aab58A a 33Bb 54 A c 479B a 2720 A b 151 B a 543 A ¢
Caesar/C1750-15-95 42A b 45A a 57A a 49Aa 18B b 49Aa 69 Aab59A a 33Bb 48 A c 407B a 2823 A b 138B b 629 A a
Rioja/C1730-07-94 37Bc 49A a 48A b 51Aa 18B b 49Aa 60 Ab61A a 36Bb 52 A ¢c509B a 3058 Aa 171 B a 595A b
Caesar/Eliza 32Bc 44A a 37B c 57Aa 13B ¢ 45Aa 47 Ab58A a 20Bc 54 A c252B a282 Ab 97 B b 553 A ¢
CVe (%) 16.3 5.4 17.3 35 16.9 6.6 17.6 4.4 16.2 4.9 16.2 7.7 19.9 4.9
h2 78.2 83.1 50.1 90.3 64.5 74.4 33.9 75.1 83.7 96.3 74.2 62.6 60.1 94.3
CVg (%) 17.8 6.9 10.0 6.2 13.2 6.5 7.4 4.4 21.2 14.5 15.9 5.8 14.1 11.4
Mean 51 4.5 5.6 5.4 2.0 4.5 6.8 5.7 3.5 5.6 44.2 284.7 13.7 54.6
Gs (%) 20.0 8.1 9.0 8.1 12.2 7.1 55 4.90 24.7 18.1 174 5.8 13.9 14.0

1 Means followed by the same capital letter in the row and lowercase letter in the column do not differ statistically by the Scott-Knott test at 5% error probability.

CVe: coefficient of experimental variation; hZ .heritability; CVg: coefficient of genetic variation; Gs: gain of selection.
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Table 3. Means and genetic parameter estimates for tuber traits in the seedling generation and in the first field

generation, for 12 segregating potato families. Pelotas, RS, Brazil, 2015.

Tuber trait
Eyebrow Uniformity of
Generation prominence shape Curvature Pointing Size
First field generation 8.0 a' 59 b 86 A 85 a 6.0 a
Seedling generation 6.0 b 72 a 76 B 76 b 54 b
h? 49.2 32.1 34.8 43.5 61.0
CVg (%) 4.5 6.5 3.4 3.9 38
Mean 7.0 6.6 8.1 8.0 5.7
Gs (%) 3.4 43 1.6 2.1 6.5

I Means followed by the same letter in the column do not differ statistically by the Scott-Knott test at 5% error

probability.

h2: heritability; CVg: coefficient of genetic variation; Gs: gain of selection.



