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Expected response to early-generation selection for yield and tuber
appearance traits in potatoes

Respostas esperadas de selecao nas primeiras geracoes para
caracteres de producao e aparéncia de tubérculos de batata

AGRONOMIA

Vicenti Gongalves Ney'; Laerte Reis Terres*;
Giovani Olegario da Silva’; Arione da Silva Pereira*

Abstract

The aim of this study was to evaluate the performance of potato clonal families, and to estimate
genetic variance, heritability and the expected response to selection of tuber yield and appearance
traits in early generations. Twelve potato families were obtained from crosses between two groups of
randomly-selected genotypes, including Eliza, C1730-7-94, and C1742-8-95 in group 1; and Shepody,
Asterix, Caesar, and White Lady in group 2. The crosses were made in factorial design (3 genotypes
x 4 genotypes), and each family consisted of 75 genotypes. Experiments were conducted in the fall of
2010, with a seedling generation under greenhouse conditions, and in the fall of 2011, with a clonal
generation under field condition. High heritability estimates suggest that mild to moderate selection can
be applied in the seedling generation to eye depth, eyebrow prominence, tuber curvature, flattening and
shape uniformity. The C1742-8-95/White Lady stood out as a superior cross, as did all other crosses
with White Lady, regarding tuber appearance and yield traits.

Key words: Solanum tuberosum L. Seedling generation. Heritability.

Resumo

O objetivo do trabalho foi avaliar o desempenho de familias clonais de batata ¢ estimar a variancia
genética, herdabilidade e a resposta esperada de sele¢do quanto a caracteres componentes de produgdo
¢ aparéncia de tubérculos de batata nas primeiras geragdes. Foram avaliadas 12 familias de batata
obtidas de cruzamentos artificiais entre os dois grupos de gendtipos escolhidos ao acaso, grupo 1:
Eliza, C1730-7-94 ¢ C1742-8-95; ¢ grupo 2: Shepody, Asterix, White Lady e Caesar. Foram avaliados
caracteres componentes de aparéncia de tubérculo e componentes de produg@o. Os cruzamentos foram
realizados na forma de delincamento genético fatorial (3 gendtipos x 4 genoétipos), sendo cada familia
constituida de 75 clones. Os experimentos foram conduzidos nas safras de outono de 2010 em casa de
vegetacdo ¢ 2011 a campo. As altas estimativas de herdabilidade obtidas neste estudo sugerem que na
geracdo de plantula pode-se aplicar selegdo com intensidade de leve a moderada para profundidade
de olho, proeminéncia de sobrancelha, curvatura de tubérculo, achatamento de tubérculo, aparéncia e
uniformidade de formato de tubérculo. A familia originaria do cruzamento C1742-8-95/White Lady se
destacou em relacdo as demais. No conjunto de caracteres de aparéncia ¢ de produgdo de tubérculos
destacaram-se as familias em que um dos genitores foi a cultivar White Lady.

Palavras-chave: Solanum tuberosum L. Geragdo de plantula. Herdabilidade.
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Introduction

Owing to its composition, gastronomic versatility
and low cost to consumers (PEREIRA, 2003), the
potato (Solanum tuberosum L.) represents the third
most consumed staple worldwide, after rice and
wheat (AGRIANUAL, 2014). Increases in potato
crop productivity mostly rely on the use of adaptable
cultivars, which provide higher yield per unit area,
but also reduce the need for chemical inputs that
damage the environment.

The potato reproduces asexually, allowing
producers to maintain superior genotypes by
clonal propagation. During genetic improvement
programs thousands of clones are evaluated in their
first generations. Clone retention usually varies
between 3% and 30% in the seedling and first clonal
generation, respectively (SILVA; PEREIRA, 2011).
The identification and elimination of undesirable
genotypes in the initial generations constitutes a
crucial step for a successful selection process. This
step eliminates plants with unwanted traits from
the field tests, reducing inputs, experimental area,
and labor, all of which translate into added costs
(XIONG et al., 2002).

Selection the
generation has been put to question (GOPAL;
MINOCHA, 1997; MELO et al., 2011), and potato
improvement programs often do not include it.
However, a few authors have shown the viability of
seedling selection (LOVE et al., 1997; SILVA et al.,
2008a, 2008b), which must take into account high-
heritability traits, as well as tuber traits.

efficiency during seedling

Among genetic parameters, heritability represents
one of the most important, as it helps in the definition
of the ideal selection intensity to be applied on target
populations. It constitutes an indicator of genetically-
defined phenotypic superiority that can be passed on
to other generations. In a broad sense, heritability
includes additivity, dominance and epistasis; in
a narrow sense, it includes only additivity, in
proportion to total genetic variance (CARVALHO et
al., 2001). Understanding the degree of heritability

of different traits in early generations provides a
crucial tool for the definition and success of genetic
improvement strategies.

The aim of this study was to evaluate the
performance of potato clonal families, and to
estimate genetic variance, heritability and the
expected response to selection for tuber yield and
appearance traits in early generations.

Materials and Methods

The experiments were conducted in the fall
seasons of 2010 and 2011, at Embrapa Temperate
Climate, Pelotas, state of Rio Grande do Sul, Brazil
(31°52° S, 52°21° W, 50m above sea level).

We evaluated 12 potato families obtained from
artificial crossings between two randomly chosen
genotype groups, including in group 1: Eliza, C1730-
7-94 and C1742-8-95; and in group 2: Shepody,
Asterix, White Lady and Caesar. Crossings were
performed in factorial design of 3 genotypes x 4
genotypes, and each family comprised 75 clones.

Potato families were evaluated for tuber
appearance traits, including skin roughness; eye
depth; eyebrow prominence; tuber shape and
shape uniformity; tuber pointiness, curvature and
flattening; tuber size and size uniformity; and
general appearance. Families were also evaluated
for yield traits, including number of tubers, total

mass, and mean tuber mass.

During the fall of 2010, the seedling generation
was grown in a greenhouse: botanical seeds
were germinated in seedbeds and the seedlings
transplanted to plastic bags containing 2 L of
commercial substrate for the seedling generation.
Each family consisted of 75 genotypes, randomly
distributed into blocks. Each block included three
plots containing a random sample of 25 seedlings
from each family. The spacing between plants was
0.10 m. Seedlings were kept in these conditions
until harvest, 77 days after seeding, when the tubers
from each plant were evaluated.
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During the fall of 2011, the first clonal generation
was cultivated. An average-sized tuber of each
genotype was planted in the field following the same
experimental design of the seedling generation,
but with a spacing of 0.35 m between plants and
0.80 m between rows. Adequate soil humidity was
maintained through irrigation, and each hectare
was treated with two tons of commercial fertilizer
formulated at 5-30-10. Cultural practices and pest
control followed the recommendations of Pereira
(2010). Plants were individually harvested 95 days
after planting, and tubers were evaluated.

A scale was used to grade each tuber trait
from one to nine (SILVA et al., 2013), as follows:
skin roughness (1- rough, 9- smooth), eye depth
(1- deep, 9- superficial), eyebrow prominence (1-
prominent, 9- superficial), tuber shape (1- round,
9- elongated), shape uniformity (1- variable, 9-
uniform), tuber pointiness (1- pointy, 9- not pointy),
tuber curvature (1- curved, 9- not curved), tuber
flattening (1- flat, 9- not flat), tuber size (1- small,
9- large), size uniformity (1- variable, 9- uniform)
and general appearance (1- poor, 9- good). A good
general appearance was the combination of smooth
skin, superficial eye depth, superficial eyebrow,
shape uniformity, no pointiness, no curvature, no
flattening, and size uniformity. Evaluated yield traits
included number of tubers, total mass (g plant?!),
and mean tuber mass (g).

The Lilliefors test was used to assess the normal
distribution of residuals (CAMPOS, 1983) which
were not transformed. Subsequently, analyses of
variance were conducted for each generation and,
jointly, for the seedling and first clonal generations.
Means were clustered by the Scott and Knott test,
with a 5% probability of error, using the Genes
statistical package (CRUZ, 2006).

The following model was used in the analysis of
variance (CRUZ, 2001):
Y, =u+g +e, for populations,

where Y, is the observation of the i-th genotype
in the j-th cut; p is the overall mean; g is the
random effect of the i-th genotype confounded with

environmental effects; e is the experimental error
associated with the Y, observation.

The variance and heritability components were
estimated as described by Vencovsky and Barriga
(1992), with the equation:

h? = o
o’g+o’e+r
where 6%g is the genetic variance, o%¢ is the error
variance and r is the number of repetitions.

Selection gain was calculated with the equation:

h.

GS,= pkcsg] -
where p is the parental control, k is the selection
intensity, Oy is the genetic standard deviation of the
trait, and h, is the heritability (CRUZ, 2006), with

selection intensity of 30%.

Results and Discussion

Joint analysis of variance of the two generations
did not detect significant interactions between
family and generation for the following traits: eye
depth (EDP), eyebrow prominence (EBP), shape
uniformity (SHU), curvature (CUR), flattening
(FLT), general appearance (APP) and size (SIZ)
(Table 1). There was significant interaction between
family and generation for the following traits: shape
(SHA), pointiness (POI), size uniformity (SZU),
number of tubers (NTU), tuber mass per plant
(MAS) and average mass of tubers (AMA). The data
for skin roughness (RGH) did not display normality
in the distribution of error and were, therefore,
disregarded. Significant differences among families
occurred for EDP, EBP, SHU, CUR, FLT, and APP.

The relation between the coefficients of genetic
and environmental variability (CVg/CVe) was
greater than one for EDP and EBP, which are
values considered ideal for selection (CRUZ;
CARNEIRO, 2006). The other traits yielded ratios
smaller than one, i.e., the environment had greater
impact on the observed variability than genetic
background (Table 1).
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Successful selection depends on trait heritability,
selection intensity and trait phenotypic standard
deviation (SILVA; PEREIRA, 2011). A high
heritability was observed for EDP, EBP and CUR
traits (Table 2), in agreement with other estimates
(PINTO, 1999; LOVE et al., 1997; SILVA et al.,
2008b). However, heritability values found here for
EDP, SHU and FLT were higher than reported by
Silva et al. (2007), whereas values for EBP, CUR
and APP were lower, probably because of population
and environmental differences. The moderately high
value estimated for APP in this study diverges from
the relatively low estimates of other authors, which
would hamper selection efforts (SILVA; PEREIRA,
2011). Among the traits evaluated, the one with
lowest heritability was SIZ (0.36), which finds
support in previous reports (SILVA et al., 2007),
and may result from the different culture conditions
between two generations.

The traits SHA, POI, NTU and MAS yielded
higher heritability estimates the seedling
generation than in the first clonal generation,
indicating that the environment had less influence
on these traits when plants were in the greenhouse
(Table 3). These findings corroborate the results
obtained by Gopal (2001). Silva et al. (2007) also
reported that the seedling generation, grown in the
greenhouse, yielded a better expression of APP
genetic variability than the first clonal generation,
probably because of field effects.

n

The high heritability estimates for SHA, POI,
NTU and MAS in the seedling generation resemble
results reported by Silva et al. (2007). SHU
heritability values were higher in the first clonal
generation than in the seedling generation. This
pattern may be attributed to difference in culture
conditions. In the seedling generation, plants
were grown in 2 L vases, which restricted tuber
development. AMA values were similar in both
generations, and slightly higher than found by Love
et al. (1997).

Heritability can be used to measure selection
advancement or gains. The reduction in non-
inheritable
potentiate these gains. The interactions between
genotype and environment pose an obstacle to genetic
improvement programs, because environmental
effects often mask genotype superiority and make
selection a hard task (LOVE et al., 1997). In the
present study, trait response to selection paralleled
trait heritability and genetic variability. Thus, traits
with greater heritability displayed greater advances
with selection (Tables 2 and 3).

variability during selection may

Selection gains during the seedling generation
agree with a previous report by Love et al. (1997)
indicating that mild selection intensity should be
applied to EDP, EBP, NTU, MAS and AMA, all of
which had higher selection gains during the study
(Tables 2 and 3). These same authors suggested that
no selection should be applied to SZU and SHU
during the seedling generation, also corroborating
selection gains found in the present study (Tables
2 and 3). The responses to selection in the seedling
generation were superior to those observed in the
first clonal generation, a pattern that agrees with
the higher heritability values found in the former
generation.

The cultivar development process aims at
achieving high averages and high genetic variability
for the traits of interest. In the current work,
regarding the average values of EDP, potato families
formed three groups. The one with more superficial
eyes, desired by the consumer (PEREIRA, 2003),
consisted of the crosses Eliza/Caesar, C1730-7-
94/Asterix, C1730-7-94/White Lady, C1730-7-94/
Caesar, C1742-8-95/Asterix and C1742-8-95/White
Lady. Regarding the trait EBP, two groups were
formed. The superior group, with less prominent
eyebrows included the same crosses as the best
group for EDP, except for the family C1730-7-
94/Asterix (Table 2). These similar results can be
attributed to the association between these two traits
(SILVA et al., 2007).
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Table 1. Summary of the joint analysis of variance performed on potato tuber yield and appearance traits in the seedling generation grown in greenhouse conditions,
and in the first clonal generation grown under field conditions. Embrapa, Pelotas, Rio Grande do Sul, Brazil, 2016.

Mean square

Source of variation df

EDP! EBP SHA SHU POI CUR FLT APP SIZ SZU NTU  MAS AMA
Block/G 4 1.86 221 0.88 0.16 1.40 1.40 0.75 0.81 3.23 1.88 2.85 1357 24.1
Family (F) 11 2.21%* 2.15% 1.15% 0.71%* 0.63* 1.15% 0.84* 0.52*  0.43 0.64*  5.09* 9446*  83.52%
Generation (G) 1 8.09 9.20 0.8 10.15*  29.60*  27.15%* 0.97 230  38.04* 130 768.05* 3918880* 32527*
FxG 11 0.25 0.25 0.41%* 0.25 0.42%* 0.24 0.10 0.14 0.22 0.43*  2.67* 8094*  56.73*
Error 44 0.24 0.30 0.20 0.22 0.14 0.22 0.18 0.16 0.28 0.19 0.90 2610 14.84
CV (%) 12.62 14.97 7.14 7.82 491 6.43 5.74 13.41 7.95 7.70 14.29 19.72 13.29
Mean 3.88 3.67 6.33 6.04 7.71 7.39 7.44 2.99 6.65 5.67 6.63 259 28.98
CVg/CV(%) 1.16 1.01 0.87 0.60 0.75 0.82 0.77 0.61 0.30 0.63 0.88 0.66 0.88

'EDP: eye depth; EBP: eyebrow prominence; SHA: tuber shape; SHU: shape uniformity; POI: tuber pointiness; CUR: curvature; FLT: flattening; APP: overall tuber appearance; SIZ:
tuber size; SZU: size uniformity; NTU: number of tubers per plant; MAS: total tuber mass per plant; and AMA: average tuber mass.
*Significant with 5% probability of error by the F test.
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Table 2. Means of two generations and estimates of genetic parameters for tuber yield and appearance traits of potato
families evaluated in the seedling generation under greenhouse conditions and first clonal generation under field
conditions. Embrapa, Pelotas, Rio Grande do Sul, Brazil, 2016.

Family& Parameter? EDP! EBP SHU CUR FLT APP SIZ
Eliza/Shepody 370 b 349 b 597 a 724 b 710 b 279 a 688 a
Eliza/Asterix 336 b 318 b 543 a 692 b 729 b 271 a 708 a
Eliza/White Lady 341 b 323 b 657 a 804 a 754 a 338 a 675 a
Eliza/Caesar 456 a 422 a 547 a 678 b 680 b 247 a 660 a
C1730-7-94/Shepody 257 ¢ 249 b 637 a 803 a 769 a 280 a 688 a
C1730-7-94/Asterix 398 a 370 b 593 a 707 b 783 a 28 a 658 a
C1730-7-94/W. Lady 424 a 417 a 634 a 79 a 792 a 332 a 644 a
C1730-7-94/Caesar 482 a 467 a 59 a 740 b 720 b 288 a 628 a
C1742-8-95/Shepody 375 b 340 b 596 a 69 b 696 b 297 a 697 a
C1742-8-95/Asterix 412 a 403 a 627 a 731 b 748 a 316 a 638 a
C1742-8-95/W. Lady 438 a 415 a 625 a 734 b 762 a 341 a 655 a
C1742-8-95/Caesar 375 b 334 b 608 a 765 a 791 a 319 a 631 a
h? 89.13 85.94 68.76 80.41 78.24 69.27 35.84
CVg (%) 14.64 15.12 4.69 5.27 4.42 8.18 2.38
Mean 3.88 3.67 6.04 7.39 7.44 2.99 6.65
Gs (%) 14.05 14.73 3.85 5.73 4.13 7.65 1.60

'EDP: eye depth; EBP: eyebrow prominence; SHU: shape uniformity; CUR: curvature; FLT: flattening; APP: overall tuber

appearance; SIZ: tuber size.

2h?: heritability; CVg: coefficient of genetic variation; Gs: Expected gain by selection.
*Means followed by the same letter in the column do not differ significantly according to the Scott and Knott test at 5% probability

of error.

Families were also divided into two groups with
regards to CUR. The best group, with less curved
tubers, included the families Eliza/White Lady,
C1730-7-94/Shepody, C1730-7-94/White Lady
and C1742-8-95/Caesar. Two groups were formed
depending on the degree of FLT. The superior group
included the families with better CUR but also the
crosses C1730-7-94/Asterix, C1742-8-95/Asterix,
C1742-8-95/White Lady and C1742-8-95/Caesar
(Table 2).

The overall tuber appearance directly affects
consumer preference (SILVA et al., 2008b). In the
present study, APP and SHU varied significantly
between generations, but no clusters were formed
with the Scott and Knott algorithm (5%). Regarding
SHA, crosses between C1730-7-94 and Asterix
or Caesar resulted in more elongated tubers in the

seedling generation, whereas the other families
behaved similarly in the two generations (Table
3). In the seedling generation, three SHA groups
were formed, where the one with highest averages,
i.e., more elongated tubers included the crosses
Eliza/Shepody, Eliza/Asterix, C1730-7-94/Asterix,
C1730-7-94/Caesar, C1742-8-95/Shepody, C1742-
8-95/White Lady and C1742-8-95/Caesar. The
intermediate group, with oval tubers included the
crosses Eliza/Caesar, C1730-7-94/White Lady
and C1742-8-95/Asterix. The cross between Eliza
and White Lady had the lowest average, and its
tubers were the closest to round. In the first clonal
generation, the crosses Eliza/White Lady, C1730-7-
94/Shepody and C1730-7-94/White Lady formed
the group with round tubers, whereas the other
families had more elongated potatoes (Table 3).
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Table 3. Means and genetic parameters for tuber yield and appearance traits of 12 potato families evaluated in the seedling generation under greenhouse conditions
(G1) and first clonal generation under field conditions (G2). Embrapa, Pelotas, Rio Grande do Sul, Brazil, 2016.

SHA' POI SzZU NTU MAS AMA
Family & Parameter? Gl G2 Gl G2 Gl G2 Gl G2 Gl G2 Gl G2
Eliza/Shepody 682 A’ a 622 A a 647 B ¢ 850 A a 611 A a 568 A a 291 B a 749 A b 2720 B a 43243 A b 1020 B a 5860 A a
Eliza/Asterix 691 A a 675 A a 69 B b 805 A a 533 A a 464 A b 381 B a 1130 A a 3123 B a 52915 A a 930 B a 4599 A b
Eliza/White Lady 520 A ¢ 587 A b 78 A a 829 A a 588 A a 592 A a 392 B a 1035 A a 3075 B a 54143 A a 896 B a 5467 A a
Eliza/Caesar 621 Ab 685 A a 644 B ¢ 817 A a 492 A a 562 A a 28 B a 784 A b 1915 B a 38429 A b 7.67 B a 4955 A b
C1730-7-94/Shepody 593 A b 548 A b 784 B a 877 A a 563 A a 565 A a 312 B a 1147 A a 2885 B a 52951 A a 1045 B a 3899 A b
C1730-7-94/Asterix 725 A a 641 B a 683 B b 814 A a 525 A a 565 A a 317 B a 1054 A a 2318 B a 47424 A b 810 B a 4568 A b
C1730-7-94/W.Lady 599 A b 558 A b 745 B a 853 A a 539 B a 633 A a 359 B a 899 A b 2677 B a 40298 A b 810 B a 4546 A b
C1730-7-94/Caesar 7.08 A a 624 B a 732 B a 835 A a 505 A a 575 A a 233 B a 843 A b 1837 B a 3838 A b 9.19 B a 3847 A b
C1742-8-95/Shepody 6.74 A a 635 A a 615 B ¢ 851 A a 556 B a 636 A a 309 B a 1029 A a 2865 B a 58877 A a 1054 B a 5840 A a
C1742-8-95/Asterix  6.00 A b 644 A a 700 B b 798 A a 55 A a 607 A a 300 B a 871 A b 1815 B a 35967 A b 682 B a 4576 A b
C1742-8-95/W.Lady 647 A a 611 A a 7.3 B a 841 A a 599 A a 566 A a 407 B a 1232 A a 2580 B a 57377 A a 697 B a 4506 A b
C1742-8-95/Caesar 6.65 A a 642 A a 737 B a 852 A a 576 A a 636 A a 45 B a 973 A a 2960 B a 44074 A b 673 B a 4284 A b
CV (%) 5.60 8.50 6.03 3.87 9.08 6.19 10.80 13.04 11.04 14.66 11.80 10.69
h? 87.53 46.23 79.53 35.58 36.69 80.75 88.73 74.74 88.45 70.17 78.67 78.84
CVg (%) 8.57 4.51 6.87 1.66 4.00 7.30 11.66 12.91 17.55 9.72 13.10 11.87
Mean 6.43 6.22 7.07 8.35 5.54 5.80 3.37 9.79 25.64 470.07 8.59 47.46
Gs (%) 7.85 2.88 6.40 0.89 2.62 6.58 18.98 12.02 16.16 10.71 12.40 11.45

ISHA: tuber shape; POI: tuber pointness; SZU: size uniformity; NTU: number of tubers per plant; MAS: total tuber mass per plant; and AMA: average tuber mass.

2h?: heritability; CVg: coefficient of genetic variation; Gs: Expected gain by selection.

3Means followed by the same uppercase letters in the lines and lowercase letters in the columns did not differ significantly according, respectively, to the t test and the Scott and Knott
test, at 5% probability of error.
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Only the cross between Eliza and White Lady
did not differ in POI between generations. In the
other families, tubers were pointier, i.e., had lower
POI, in the seedling generation. Clustering was
only possible in the seedling generation, where
the superior group was formed by the cross Eliza/
White Lady, crosses between the clone C1730-7-
94 with cultivars Shepody, White Lady or Caesar,
and crosses between the clone C1742-8-95 with
White Lady or Caesar. The intermediate group
was composed by families that had Asterix as
the genitor. The group with worst performance
regarding POI included families generated from
crosses between Eliza and the cultivars Shepody or
Caesar, and from the cross C1742-8-95/Shepody.
The only families that differed between generations
for SZU originated from the crosses C1730-7-94/
White Lady and C1742-8-95/Shepody, which had
more uniformly-sized tubers in the first clonal
generation. Clustering was only possible in the first
clonal generation, where the cross Eliza/Asterix
had the lowest average, while the other families
had higher averages translating into greater size
uniformity (Table 3).

All families had superior yield traits in the
first clonal generation, which was expected, given
the limited amount of substrate available for the
seedlings. The lower number of tubers, of smaller
size, has been indicated as the main obstacle for the
application of selection during seedling generation
(BROWN et al., 1984; PINTO, 1999; GOPAL;
MINOCHA, 1997). Recent studies have focused
on the size of the containers where the seedling is
grown, and for some traits, the containers should
be larger than the usual 250 ml vases used in many
potato improvement programs (VERISSIMO et al.,
2012). In the seedling generation, families could not
be clustered using the traits NTU, MAS and AMA.
However, in the first clonal generation, the families
formed distinct groups, highlighting the crosses
Eliza/White Lady and C1742-8-95/Shepody for
most traits. The crosses Eliza/Asterix, C1730-7-94/

Shepody and C1742-8-95/White Lady were superior
for NTU and MAS; the cross Eliza/Shepody for
AMA; and crosses C1730-7-94/Asterix and C1742-
8-95/Caesar with regards to NTU (Table 3).

Joint data analysis indicated that families formed
by the White Lady cultivar were superior for most
of the traits evaluated (Table 3).

Conclusion

The high-heritability estimates obtained in the
present study suggest that mild to moderate selection
can be applied to eye depth, eyebrow prominence,
curvature, flattening, shape uniformity and overall
appearance.

The cross between C1742-8-95 and White Lady
was superior in comparison to the others with
regards to the combination of overall appearance
and number of tubers. In fact, families generated
from White Lady were superior for most traits
evaluated.
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