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ABSTRACT

The genetic divergence of melon genotypes belonging to
momordica group, collected in five Brazilian States, was estimated,
and the relative contribution of the morphological characters was
determined for the genetic variability. The experimental design was
randomized blocks, with four replicates. We evaluated 19 accessions
of melon, momordica group, two accessions of cantaloupensis group
and two commercial cultivars of inodorus group. These genotypes
were characterized by 42 morphological descriptors. The data were
submitted to Tocher and UPGMA grouping methods using the genetic
dissimilarity matrix, using Mahalanobis’ distance. Singh criterion
was used to identify the relative contribution of each character to
the genetic divergence. Four groups of similarity were obtained in
both multivariate techniques, with agreement between hierarchical
UPGMA and Tocher grouping methods. The characters: pistil scar
size, soluble solid content, seed length, fruit length and cotyledon
length contributed with approximately 53.86% to genetic divergence
among genotypes.

Keywords: Cucumis melo var. momordica, genetic variability, snow
melon, papoco melon.

RESUMO

Divergéncia genética em acessos de meldo do grupo
momordica

A divergéncia genética de genotipos de meldo do grupo
momordica foi estimada, coletados em cinco estados brasileiros,
e determinada a contribuigdo relativa dos caracteres morfologicos
avaliados para a variabilidade genética. Foi adotado o delineamento
de blocos casualizados com quatro repeti¢cdes. Nesse estudo,
foram utilizados 19 acessos de meldo do grupo momordica, dois
acessos do grupo cantaloupensis e duas cultivares comerciais do
grupo inodorus. Esses genotipos foram caracterizados por meio
de 42 descritores morfolégicos. Os dados foram submetidos aos
métodos de agrupamento de Tocher e UPGMA a partir da matriz de
dissimilaridade genética de Mahalanobis (D?). Foi utilizado o critério
de Singh, para identificar a contribuigdo relativa de cada carater para
a divergéncia genética. Obtiveram-se quatro grupos de similaridade
em ambeas as técnicas multivariadas utilizadas, havendo concordancia
entre os métodos hierarquicos UPGMA e de agrupamento de Tocher.
Os caracteres, tamanho da cicatriz do pistilo, teor de s6lidos soluveis,
comprimento da semente, comprimento de fruto e comprimento
do cotilédone contribuiram com aproximadamente 53,86% para a
divergéncia genética entre os genodtipos.

Palavras-chaves: Cucumis melo var. momordica, variabilidade
genética, meldo de neve, meldo papoco.
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Melon (Cucumis melo), belonging

to Cucurbitaceae family, is one
of the species presenting great genetic
variability for several characters, mainly
with respect to fruits. Due to this fact,
some intraspecific classifications of C.
melo have been suggested, over time,
by Cogniaux & Harms (1924), Pangalo
(1933), Filov (1960), Whitaker & Davis
(1962), Grebenscikov (1986), Munger
& Robinson (1991) and Pitrat et al.
(2000) cited by Aragéo (2011).
One of the most recent classification,
and widely used in literature, proposed

to divide the species into six botanical
groups: cantaloupensis, inodorus,
conomon, dudaim, flexuosus and
momordica (Robinson & Decker-
Walters, 1997). Many of these groups
are economically important in developed
countries and they were based on their
culinary attributes (Staub et al., 2000).
We highlight that different botanic
groups can be crossed among each other,
without any incompatibility barriers
(Aragao, 2011).

The botanical groups inodorus
and cantaloupensis are considered the
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most important ones considering the
commercial value, and in these groups
we can also find the most commonly
grown and widely marketed varieties
in Brazil, yellow melon and piel de
sapo melon (Aragao, 2011). The yellow
melon is Brazil’s most exported melon
fruit, followed by orange flesh and
piel de sapo, with 60, 15 and 9% of
exportations, respectively (Nunes et
al.,2011).

On the other hand, in the national
market, the local or native cultivars have
been dividing space with the commercial
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cultivars in some areas of Brazil. These
cultivars are adapted to several soil and
climatic conditions (Torres Filho ef al.,
2009) and have been grown over time
by family farmers, and can be used as
parents in melon breeding programs.

The melons belonging to momordica
group are known by different names
in the countries where they are found.
In tropical and subtropical regions of
India, the melons are vulgarly known
as “phut” or “snapmelon”. In some
Brazilian regions, they are known as
papoco melon, meloite, snow melon
and vitamin melon. Among the most
striking characteristics is the rupture
of the fruit when it reaches ripeness,
low total soluble solid content, besides
exhaling a soft aroma similar to melons
of the cantaloupensis group. Because
having a flavor of naturally tasteless
pulp, they are consumed in natura
with sugar, honey or other sweeteners,
besides being used for the preparation of
soft drinks, salads and pickles when ripe
or cooked when immature (Valadares,
2014; Dhillon et al., 2007).

Accessions of momordica group
melons with genetic resistance to several
diseases were observed. Among these
diseases can be related the ones caused
by the fungus Fusarium oxysporium,
Podosphaera xanthii, Myrothecium
roridum (Nascimento et al., 2012), by
the nematode Meloidogyne incognita, by
PRSV virus (Papaya Ring Spot Virus)
(Dhillon et al., 2007), and some pests
like the leafminer Liriomyza trifolii
and aphid Aphis gossypii (Fergany et
al., 2011).

In order to use the genetic variability
of Brazilian melon populations
belonging to momordica group, some
collections of traditional varieties in the
main producer regions are necessary,
as well as the characterization using
morphological descriptors available in
literature aiming to identify favorable
characters and characters of interest for
the breeding program of this vegetable.

The aim of this study was to estimate
genetic divergence of melon genotypes
of momordica group, collected in five
Brazilian States, and determine the
relative contributions of the evaluated
morphological characters.
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MATERIAL AND METHODS

The experiment was installed in the
Department of Agronomy, at the Area
of Phytotechnology at Universidade
Federal Rural of Pernambuco, Campus
Dois Irmaos, Recife, from April to
July, 2013. The plants were conducted
in hydroponic system in a greenhouse,
arch type, 30 m length, 14 m width, 3
m ceiling height, closed laterally with
50% shading screen and covered with
low-density polyethylene film, 150 pm.

The experimental design was
randomized blocks, with 23 treatments,
four replicates and two plants per
experimental plot. The authors evaluated
19 accessions of melon belonging
to momordica group collected in the
States of Pernambuco, Bahia, Minas
Gerais, Parana and Rio Grande do Sul,
two accessions of cantaloupensis group
from Maranhdo and two commercial
cultivars of inodorus group (Table 1).

Sowing was performed in expanded
polystyrene trays of 128 cells, containing
pine bark-based substrate for vegetable.
The seedlings were transplanted into 5
L-capacity pots using coconut powder
as substrate, in a spacing of 0.60 x 1.75
m, ten days after planting, after the first
definitive leaf appeared.

The plants were staken vertically
using plastic ribbons and wire at 1.30 m
height and at the base of the plant. After
the appearance of the fifth leaf, from the
third leaf on, we eliminated the tertiary
shoots up to the eighth leaf, conducting
the plant with only one secondary stem.
Both, the tertiary and secondary stems
which appeared after the eighth leaf,
were pruned after the second leaf.

The side screens of the greenhouse
were lifted during the day in order to
allow the entrance of pollinating agents.
During fructification period, thinning
was performed, letting just two fruits per
plant in different tertiary stems in order
to reduce the competition between the

Table 1. Accessionss of C. melo with identifications and origins. Recife, UFRPE, 2013.

Accessions/cultivars Botanical group Origin

A01 momordica Sdo José do Egito-PE
A02 momordica Granito-PE

A03 momordica Triunfo-PE

A04 momordica Petrolina-PE
A05 momordica Sdo Lourengo da Mata-PE
A06 momordica Ibimirim-PE
A07 momordica Lagoa de Itaenga-PE
A08 and A09 momordica Serra Talhada-PE
Al0and All momordica Floresta-PE

Al2 momordica Arcoverde-PE
Al3 momordica Buique-PE

Al4 momordica Belo Jardim-PE
AlS momordica Mocambinho-MG
Al6 momordica Juazeiro-BA
Al7 momordica Jeremoabo-BA
Al8 momordica Santa Tereza do Oeste-PR
Al19 momordica Nova Petropolis-RS
A20 and A21 cantalupensis Chapadinha-MA
A22! inodorus -

A23? inodorus -

'Simple hybrid of the commercial cultivar Gold Mine from the commercial company Seminis;
Simple hybrid of the commercial cultivar Mandacaru from the commercial company Clause

Tézier.
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Figure 1. Dendrogram resulting from the analysis of 23 accessions of Cucumis melo, obtained using UPGMA grouping method, and

Mahalanobis distance. Recife, UFRPE, 2013.

fruits, favoring their development and
higher quality for harvest.

Mineral nutrition and need of water
were supplied through balanced nutrient
solution in each stage of the plant
development through a drip irrigation
system using an emitter flow rate of 2 L
h'l, two to four times a day, according
to the weather conditions and water
absorption by the plants. The supply of
nutrient solution was suspended with
the start of the drainage at the bottom
of the pots.

In order to verify the genetic
variability of papoco melon genotypes,
some morphological evaluations were
made of the seeds, plants and fruits
based on the list of minimum descriptors
established for melon by SNPC
(National Service for Plant Variety
Protection) and recommended for tests
of distinctiveness, homogeneity and
stability, also called test DHE, MAPA
(Ministry of agriculture, livestock and
food supply) (MAPA, 2008).

After obtained all data, multivariate
analyses through hierarchical grouping
technique, based on UPGMA, using
Mahalanobis generalized distance (D?),
using the dissimilarity measure (Cruz
et al., 2012, 2014), were performed.
The optimization was verified using
Tocher method (Cruz et al., 2012,
2014). In order to verify the efficiency
of the hierarchical grouping method,
the authors estimated the cophenetic

correlation coefficient (Sokal & Rohlf,
1962). The criterion of Singh was used
to identify the relative contribution of
each character for genetic divergence
(Cruz et al.,2012,2014). Data analysis
was performed using the computer
software GENES (Cruz, 2013).

RESULTS AND DISCUSSION

Dissimilarity averages between each
pair of the accessions obtained using
Mabhalanobis generalized distance (D?)
allowed forming four similarity groups
(Figure 1). Group I was formed by
94.74% of the evaluated accessions,
however only the accession A19 showed
the background color of the peel,
intensity of the background color of the
peel, peel color hue, fruit base shape,
fruit apex shape and placental color
different from the characters observed
in the other accessions of momordica
group, with yellow color, dark intensity,
orange toned, round-based shape, flat
apex, and salmon-colored placenta
(Table 2).

The second group took into
consideration two cultivars belonging
to inodorus group, Gold Mine and
Mandacaru, which differed only in
relation to the shape of the longitudinal,
circular and middle elliptical section,
respectively. The third group included
the accessions A20 and A21 belonging
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to cantaloupensis group, which differed
in relation to the placenta color, showing
salmon and orange color, respectively
(Table 2). The last group was formed
only by the accession A10 which stood
out in relation to the other accessions
of momordica group, since it showed
soluble solid content about 5% and
did not show any cracks in fruits at
maturity, white peel color and yellowish
white flesh color, characters which
are opposite to that observed in the
other accessions of momordica group
(Table 2). Fruit rupture in accessions
of momordica group was observed
in studies carried out previously by
Valadares (2014), Torres Filho et al.
(2009) and Dhillon et al. (2007).

The grouping of accessions using
Tocher method showed to be similar to
UPGMA method considering the groups
formed among the most divergent
accessions (Table 3). The similarity
between the two used grouping
techniques can be verified by the fact
that the accessions of momordica group
belonging to groups I, Tocher group,
were the same as the groupings by
UPGMA method. Agronomic characters
different from this first group are
expected for the accessions A22, A23
(Group 1), A20, A21 (Group III), due to
the fact that they formed isolated groups,
and the accession A10 (Group IV) has
formed an isolated group, similar to the
one observed using UPGMA method;
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Table 2. Characterization of accessions and cultivars of melon from qualitative descriptors of the fruit. Recife, UFRPE, 2013.

Accessions/ VFR MCA PDI FSL IFU TCA FBA FAP SUL CSU RSU CPO CPL AIN AEX RFR FRU
cultivars

A01 Méd FDe DFI Obo Cla Esb Arr Arr Aus - Aus Br Lar Pr Pr Pro Alt
A02to A9 Méd FDe DFI Obo Cla Esb Pon Arr Aus - Aus Br Lar Pr Pr Pro Alt
A10 Méd FDe DFI Obo Cla Esb Arr Arr Aus - Aus BAm Lar Pr Pr Aus
Alland A12 Méd FDe DFI Obo Cla Esb Pon Arr Aus - Aus Br Lar Pr Pr Pro Alt
Al3 Méd FDe DFI Obo Esc Am Pon Arr Aus - Aus Br Lar Pr Pr Pro Alt
Al4to A18 Méd FDe DFI Obo Cla Esb Pon Arr Aus - Aus Br Lar Pr Pr Pro Alt
A19 Méd FDe DFI Obo Esc Ala Arr Pla Aus - Aus Br Sal Pr Pr Pro Alt
A20 Esc FDe NCe EAl Esc Ala Pla Pla For Bra Aus Lar Sal Pr Pr Aus -
A21 Esc FDe NCe EAl Esc Ala Pla Pla For Bra Aus Lar Lar Pr Pr Aus -
A22 Cla FDe DPe Cir Esc Am Arr Arr Aus - Méd BEs Bra Aus Aus Aus -
A23 Cla FDe DPe EMe Esc Am Arr Arr Aus - Méd BEs Bra Aus Aus Aus -

VFR= intensity of the green color of the young fruit peel (Cla= light; Méd= medium; Esc= dark); MCA= change from the color of the young
fruit peel to the ripe fruit (FDe= at the end of fruit development); PDI= position of maximum diameter (DFI= toward the flower; NCe= in
the center; DPe= toward the peduncle); FSL= shape of longitudinal section (Obo= obovate; Cir=round, EAl= wide elliptic; EMe= average
elliptic); IFU= intensity of the background color of the peel (Cla= light; Esc= dark); TCA= peel color hue (Esb= whitish; Am= yellowish;
Ala= orange); FBA=base shape (Pon= pointed; Arr=rounded; Pla= flat); FAP= apex shape (Arr=rounded; Pla= flat); SUL= grooves (Aus=
absent or very weakly expressed; For= strong); CSU= groove color (Bra= white); RSU= surface roughness (Aus= absent or very weak;
Méd= medium); CPO= main color of the flesh (Br= white; BAm= yellowish white; BEs= greenish white; Lar= orange); CPL= placenta
color (Lar= orange; Sal= salmon, Bra= white); AIN= aroma inside the fruit (Pr= present; Aus= absent); AEX= aroma outside of the fruit
(Pr= present; Aus= absent); RFR= fruit rupture (Pro= deep; Aus= absent); FRU= fruit rupture frequency (Alt= high).

Table 3. Grouping using Tocher method and the Mahalanobis distance, for the 23 accessions
of C. melo. Recife, UFRPE, 2013.

(17.60%), seed length (13.41%), fruit
length (11.80%), cotyledon length
(11.05%) and pistil scar size (9.41%),
were the descriptors which contributed
the most for divergence among the 23
evaluated accessions of C. melo, which
explains 53.86% of total dissimilarity
(Table 4). On the other hand, the
character which contributed the least
was fruit shape index (0.31%), shown
in Table 4.

In the genetic divergence study from

Groups Accessions
1 Al19,Al16,A09,A14,A18,A17,A12, A02, A07, A15, AO1, A06,

this fact occurs due to a specific character
or a set of these characters had allowed
an isolated group of the accession A 10,
the only accession in momordica group,
possibly the characters of pistil scar
size and soluble solid content were the
most determinant for the isolation of
accession A10 (Table 4).

An agreement between multivariate
and grouping technique is important
for the genetic diversity study, since
this evaluation makes it possible to
recommend crossing between more
divergent parents, in order to broaden
the genetic base and, consequently,
to increase variability (Abreu ef al.,
2004).The use of different grouping
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methods provides more efficient support
for determination of divergence, since
Tocher method discriminates each
group and UPGMA discriminates each
genotype, helping, with greater security,
choose parents in breeding programs
(Bertan et al., 2006).

The analysis of relative contribution
of each character for genetic divergence
expression using Singh method
considers that the most important
characters express greater variability.
Thus, the authors verified that all the
evaluated characters contributed to
determine genetic divergence among
the evaluated accessions, to a greater
or lesser extent. Soluble solid content

Paiva (2002) using lines of melons
belonging to cantaloupensis, inodorus
and momordica groups, and by Rizzo &
Braz (2002) studying genetic divergence
among five genotypes of net melon,
soluble solid content was also one of
the characters which most contributed
to genetic variability.

According to Alves et al. (2003),
evaluating the relative importance of
the characters, it is interesting due to the
possibility of discarding the characters
which little contribute to discriminate
the evaluated genotypes, reducing labor,
time and cost spent on experiments.

Cophenetic correlation coefficient ()
was 0.89 showing that good adjustment
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Table 4. Relative contribution (S.j) of 22 quantitative descriptors for the genetic divergence
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among accessions, using Singh’s method. Recife, UFRPE, 2013.

Characteristic S.j S.j (%)
DPEN 255.426 1.043
TCPI 2305.021 9.419
CFRU 2887.636 11.800
LFRU 802.719 3.280
IFOR 88.832 0.363
EPOL 273.630 1.118
TSSO 4307.231 17.601
MMFR 905.294 3.699
CSEM 3282.439 13.414
LSEM 613.904 2.508
RSEM 295.180 1.206
CCOT 2704.718 11.053
LCOT 795.368 3.250
RCOT 861.740 3.521
CPEC 632.156 2.583
CFOL 605.498 2.474
LFOL 331.796 1.355
RFOL 352.413 1.440
CLTE 250.295 1.022
FMAS 322.122 1.316
FFEM 481.85 1.969
MATU 1114.919 4.556
Total 100

DPEN= peduncle diameter; TCPI= pistil scar size; CFRU= fruit length; LFRU= fruit width;
IFOR= fruit length/width ratio; EPOL= pulp thickness; TSSO= soluble solid content; MMFR=
average fruit mass; CSEM= seed length; LSEM= seed width; RSEM=seed C/L ratio; CCOT=
cotyledon length, LCOT= cotyledon width, RCOT= cotyledon C/L ratio; CPEC= petiole
length; CFOL= leaf length, LFOL= leaf width, RFOL~= leaf C/L ratio; CLTE= terminal lobe
length, FMAS= number of days for male flowering; FFEM= number of days for female
flowering; MATU= number of days for maturation.

between graphical representation
of distances and its original matrix
could be noticed. The adjustment of
cophenetic correlation coefficient is
considered good when it shows values
equal or superior to (r) 0.70 (Sokal &
Rohlf, 1962). Cophenetic correlation
coefficient enables visual inferences
(dendogram) and the higher its estimate,
the lower the grouping distortion,
presenting a good adjustment between
the matrix and the formed dendrogram
(Cruz et al., 2012).

Given the results, the authors verified
an agreement between hierarchical
UPGMA and Tocher grouping methods.
The characters that permitted the
visualization of genetic variability
among 23 evaluated accessions,

evaluated through four distinct groups,
were soluble solid content, seed length,
fruit length, cotyledon length and pistil
scar size. These characters were the
ones which most contributed to genetic
divergence among the accessions. Due
to this fact, the evaluated accessions
may constitute a potential to be used
in breeding programs, in order to
obtain good materials for in natura
consumption or for industrialization.
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ABSTRACT

The objective of this research was to evaluate the effect of
successive harvesting times and shading on the production of biomass,
yield and phytochemical composition of essential oil in leaves and
inflorescences of soilless grown Lavandula dentata. Plants were
grown in pots filled with sand, inside a polyethylene greenhouse,
in a closed system at UFSM. Plants were harvested at 150, 213 and
320 days after planting date (DAP) in winter, spring and summer,
respectively. At 150 DAP, a 50% shading screen was installed. The
experimental design was a randomized 3x2 factorial in subdivided
plots with 36 plants per subplot. Fresh (FM) and dry mass (DM), yield
and chemical composition of essential oil in leaves and inflorescences
were determined after each harvest date. The essential oil was
extracted, using 70 g fresh mass of leaves and of inflorescences,
respectively. Identification and quantification of compounds in
the essential oil were determined by gas chromatography/mass
spectrometry (GC/MS). The FM of inflorescences was higher on
plants harvested 213 DAP grown without shading while of leaves it
was higher on plants harvested 320 DAP grown without shading. The
yield of the essential oil was higher in the leaves of plants harvested
320 DAP grown without shading. Thirty-one compounds were
identified and quantified, being the major ones 1.8 cineol, camphor
and linalool, without significant difference among treatments. Three
consecutive harvests can be made in August (150 DAP), October (213
DAP) and February (320 DAP) without replacing plants.

Keywords: Lavandula dentata, aromatic plant, phytomass, solar
radiation.

RESUMO

Rendimento e composi¢io do o6leo essencial de lavanda
cultivada em substrato

Avaliou-se o efeito de sucessivas épocas de colheita ¢ do som-
breamento na produgdo de fitomassa, rendimento e composi¢ao
fitoquimica do 6leo essencial de folhas e inflorescéncias de Lavandula
dentata em cultivo fora do solo. As plantas foram cultivadas em vasos
preenchidos com areia, no interior de um abrigo de polietileno, em
sistema fechado na UFSM. Foram realizadas trés coletas sucessivas
aos 150,213 e 320 dias apos o plantio (DAP), no inverno, primavera
e verdo, respectivamente. Aos 150 dias apos o plantio, foi instalada
tela com 50% de sombreamento. O delineamento experimental foi
fatorial 3x2 casualizado em parcelas subdivididas com 36 plantas
por subparcela. A massa fresca (MF) e seca (MS), o rendimento e
a composicdo quimica do 6leo essencial de folhas e inflorescéncias
foram determinados em cada coleta. O dleo essencial foi extraido
utilizando 70 g de massa fresca de folhas e de inflorescéncias, respec-
tivamente. A identificag¢@o e a quantificagdo dos compostos no 6leo
essencial foram determinadas por cromatografia gasosa/espectrome-
tria de massas (GC/MS). A MF das inflorescéncias foi mais elevada
na colheita, aos 213 DAP sem sombreamento, enquanto a MF de
folhas foi mais elevada na colheita de 320 DAP sem sombreamento.
O rendimento do 6leo essencial foi mais elevado nas folhas, aos
320 DAP sem sombreamento. Foram identificados e quantificados
31 compostos, sendo majoritarios 1,8 cineol, canfora e linalol sem
diferenca significativa entre os tratamentos. Realizando o plantio em
substrato no inicio de margo podem ser feitas trés colheitas sucessivas
em agosto (150 DAP), outubro (213 DAP) e fevereiro (320 DAP)
sem substituicdo das plantas.

Palavras-chave: Lavandula dentata, planta aromatica, fitomassa,
radiacdo solar.
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lants with aromatic and medicinal

properties, such as lavenders, have
been attracting growing interest in
the national market. Their bioactive
secondary compounds are used to obtain
products with perfumery or therapeutic
action. Lavandula dentata, popularly
known as French lavender are plants
grown commercially for the extraction
of essential oil and also employed as

ornamentals and for honey production.
Lavender has a wide adaptation in
diverse climatic and soil conditions,
being found in several countries in
Europe, the Middle East, Asia and North
Africa where it is used as source of raw
material in the pharmaceutical, food,
cosmetics, aromas and agroindustry
(Biasi & Deschamps, 2009). In Brazil,
through technology and innovation for
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cultivation, it is possible to achieve
significant productivity of this species
(Silva, 2015).

Several compounds were cited as
major components in lavender essential
oil in plants grown in Algeria, Saudi
Arabia, Spain, Morocco and Turkey:
1,8 cineole, camphor, borneol, fenchol,
a-pinene, B-pinene, trans-pinocarol
and linalool (Bousmaha et al., 2005).
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Among these, some have antibacterial
and antifungal properties (Aly et al.,
2013), antioxidants and citotoxicity
(Imelouane et al., 2010; Abdel-Hady
et al., 2014). The composition and the
relative proportion of the individual
components constituting the essential
oils are not constant, may vary according
to the harvest times, the development
stage of the plant and the different part
of the plant (Bousmaha et al., 2005).
According to Zheljazkov et al. (2013),
the chemotype of the plant changes
according to interactions with the
environment such as temperature and
solar radiation.

Lavender for essential oil production,
in Brazil and other countries, is cultivated
mainly in the field, with up to two annual
harvests, when there is regrowth,
usually made at maximum vegetative
plant growth and/or full flowering
(McNaughton, 2006). In southern Brazil,
the growth and development of plants in
conventional cultivation in soil in the
winter months suffer negative effects
of low temperatures and high rainfall
(Alvares et al., 2014). To minimize these
effects, the cultivation off-soil and in
greenhouse is the alternative that allows
the management of environmental
conditions such as temperature and
solar radiation intensity, as well as the
availability of water and nutrients. The
greenhouse also allows a better planning
of production throughout the year. From
the industrial point of view, several
harvests of aromatic plants throughout
the year are favorable for commercial
production of essential oils.

The intensity of solar radiation can
affect the growth, yield and composition
of lavender essential oils (Zheljazkov
et al., 2013). Solar radiation varies
naturally throughout the seasons. In the
central region of the State of Rio Grande
do Sul, global solar radiation intensity
is close to 8.4 MJ m? day! in the winter
months and can reach values close to
40 MJ m* day! in summer (Alvares et
al., 2014). The intensity in winter is in
the trophic limit that has been indicated
for the summer growing vegetables
(FAO, 2013) while that in summer
can reduce growth and affect plant
physiology because it mainly alters the
water potential of the plant. Publications
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show that the growth of lemon balm
(Melissa officinalis) cultivated in soil
was favored by shading (Brant ef al.,
2009) and reduced in basil plants
(Ocimum basilicum) grown in pots in
the greenhouse (Chang et al., 2008).
In both species, shading affected the
composition of the oil. No results were
found in the literature about the growth
and yield of lavender oil at different
planting periods through the year nor
the effect of solar radiation intensity
over these variables.

The objective of this research was
to evaluate the effect of successive
cropping periods and two intensities
of solar radiation in the production
of biomass, yield and phytochemical
composition of the essential oil of leaves
and flowers of Lavandula dentata grown
on substrate.

MATERIAL AND METHODS

The experiment was conducted
in a polyethylene greenhouse in the
experimental area of Plant Science
Department of Federal University of
Santa Maria (UFSM) from March 8,
2014 to February 6, 2015. The climate of
the region is Cfa, subtropical humid with
no defined dry season (Alvares ef al.,
2014). The global solar radiation and the
daily air temperature inside greenhouse
were measured by Electronic Recorder
(RHT10, Humidity and temperature
USB datalogger® and Dagpro 5300
brand Fourier®). The average daily
temperatures were 18.2°C, 19.8°C and
25°C from planting date until harvest
on each planting period: August (T1-
150DAP), October (T2-213DAP) and
February (T3-320 DAP), respectively.
The mean solar radiation was 8.84, 10.41
and 17.49 MJ m™ respectively, in the
same periods. For plants, growing under
shading conditions, in the T2 and T3
seasons, the average temperatures were
21.1°C and 27.1°C and solar radiation
5.20 and 8.74 MJ m, respectively.

The material used for plant
cultivation was composed of benches
with 0.8 m height, made up by fiber
cement tiles with 3.95 m in length and
1 m in width, supported with slope
of 1% on a masonry structure. Tiles

were coated with clear low density
polyethylene film (100 pum). Gullies,
6 cm high and 18 cm apart, were filled
with medium-sized basaltic stone used
in civil construction, with a particle size
between 15 and 20 mm. Polypropylene
pots (3 liter capacity) were filled with
sand particles (>3mm, 1.6 kh dm?)
with water retention capacity of 238
mL dm?. These pots were allocated
above the gravel, arranged on benches
in three rows, 35x30 cm between rows
and vessels in the row, totaling 36 pots
per bench, one plant per pot.

Seedlings with a mean height of 15
cm were purchased locally and planted
in pots at a density of nine plants per
square meter. The nutrient solution
was used for the soil-free cultivation
of rosemary, with the following ionic
composition, in mmol L': 9.17 of NO;;
1.36NH,"; 1.0 H,PO,; 4.0K"; 4.46 Ca™;
2.0 Mg™?and 2.0 of SO,?. Micronutrients
were supplied at concentrations of, in
mg L, 0.03 of Mo; 0.26 B; 0.06 Cu;
0.50 Mn; 0.22 of Zn and 1.0 mg L' of
Fe in the chelated form (Frescura, 2014).
Macronutrients were supplied through
fertilizers potassium nitrate, monobasic
ammonium phosphate, calcium nitrate-
Calcinit® and magnesium sulfate. The
electrical conductivity of this nutrient
solution was 1.0 dS m! and the pH
was 6,0.

The nutrient solution was supplied
through drip tapes connected to a pump
submerged inside the reservoir, activated
by a time programmer. For each row of
vessels, a drip tape was distributed, with
one dripper per vessel with 1.8 L h'l. A
drainage coefficient of 30% was used
in each fertirrigation and the drained
solution was collected and returned to
the storage tank, in a closed system. Up
to eight 15-min daily fertirrigations were
estimated, taking into account maximum
incident solar radiation, maximum
potential transpiration of vegetables
per unit foliar area (FAO, 2013) and
the crop development stage, in order to
maintain volume of water available in
the substrate always close to that in the
maximum water holding capacity.

The electrical conductivity was
measured every two days and corrected
whenever a variation of 10% was verified
in relation to the initial value (1.0 dS
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m'), by adding water or aliquots of new
nutrient solution, with concentration
and volume adjusted to reach the initial
value. The pH was maintained between
5.5 and 6.5 tolerating a deviation of
0.2 units by adding NaOH or H,SO,
in the IN concentration as needed.
The nutrient solution inside reservoirs
was completed whenever the volume
reached 50% of the original volume.

Three harvest periods were compared
in winter (T1-150 DAP), spring (T2-213
DAP) and late summer (T3-320 DAP),
respectively. Plants were harvested on
each period at senescence of the basal
leaves. On the first harvest period (T1),
all plants of the experimental area were
harvested at 150DAP. All secondary
stems were pruned in the third stem from
the beginning of the stem. Immediately
after this first harvest, shading was
applied through a black polypropylene
screen with 50% reduction of the
global solar radiation, installed at 1.50
meters above the top of plants in 50%
of the internal area of the greenhouse,
remaining until the end of experiment.
Shaded and no-shaded plants were left
to regrow after each harvest. The T2
and T3 treatments were harvested at 213
and 320 DAP respectively, according to
the same criterion adopted for the first
harvest.

The experimental design was
randomized plots subdivided in a 3x2
factorial scheme, the harvest periods
(150, 213 and 320 DAP) in plots and
the intensity of solar radiation (without
and with shading) in subplots. Each
plot consisted of a bench with 36
plants, with four replications. Growth
determinations were made on ten plants
drawn in the rows, excluding borders.

In each crop the inflorescences were
manually separated from leaves and the
fresh mass of inflorescences (MFI) and
leaves (MFF) were evaluated. After
harvest, inflorescence and leaves were
dried in a forced circulation oven at
60°C until constant mass, obtaining
the dry mass of inflorescence (MSI)
and leaves (MSF). The fresh mass of
the remaining plants in each plot was
used to extract the essential oils in the
laboratory.

For the extraction of the essential oil,
the collected leaves and inflorescences

were stored in a freezer at 4+0.1°C.
Leaves and inflorescences (70 g) were
crushed and deposited in the distillation
flask, adding 500 mL of water and
hydrodistilled in Clevenger type
graduated apparatus during three hours.
The essential oil was separated from the
water and dried over anhydrous sodium
sulfate and stored at -4°C. Analyzes
were performed with four replicates.

The essential oil content (%) was
calculated from a ratio between the mass
of essential oil and the sample biomass
(oil mass/sample mass), while the yield
of the essential oil (g) was calculated
from the ratio between the mass of oil
and the fresh mass of leaves and flowers
of the plant {(fresh mass x mass oil)/
sample mass}.

Composition of oil was determined
by gas chromatography (GC) connected
to a flame ionization detector (FID) in
a system Agilent Technologies 6890N
GC-FID®, equipped with capillary
column HP 5SMS (30 m x 0.25 mm,
and 0.25 mm). Helium was used as the
entrainment gas at a flow rate of 1.3 mL/
min. The thermal programmer was 50-
300°C at a rate of 5°C/min. Duplicates
of samples were processed in the same
manner. Relative concentrations of the
components were calculated based on
GC peak areas without use of correction
factors. The volume of oil injection was
1 pL.

GC-MS analyzes were performed
on an Agilent Technologies system
AutoSystem XL GC-MS operating
in mode EI at 70 eV, equipped with a
split injector (250°C). The transfer line
temperature was 280°C. Helium was
used at a flow of (1.5 mL min™'") equipped
with HP SMS capillary columns (30 mx
0.25 mm; 0.25 mm film thickness) and
an HP innowax (30 m x 0.32 mm; 0.50
mm of film thickness). The temperature
program was the same as that used for
GC analysis. The volume injected was
1 uL of the essential oils. The essential
oil components were identified on the
basis of the retention index (IR), with
data of mass spectra and IR of literature
(Adams, 1995).

Data were submitted to analysis of
variance and significance of differences
between the means determined by the
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test of Tukey, 5% probability, using the
program SISVAR.

RESULTS AND DISCUSSION

There was a significant interaction
between the three harvesting periods
and shading for the evaluated fresh
mass (MFI) and dry mass (MSI)
characteristics of inflorescences (Table
1). The highest fresh mass means of
inflorescences were observed in the
harvest done in August before shading.
50% shading reduced the inflorescence
yield by 37% in the harvest made at 213
DAP and 83% at 320 DAP.

For fresh leaf mass a significant
effect was found among periods, but no
significant effect of shading. However,
mean dry mass of leaves showed a
significant difference in shading and
harvest periods. While the fresh leaf
mass at 213 DAP and 320 DAP was
similar in the no-shaded and shaded
plants, dry mass of shaded plants was
36% and 38% lower at 213 DAP and
320 DAP, respectively. These results
differ from those obtained by Brant et al.
(2009) testing Melissa officinalis, using
black mesh with 50% reduction in solar
radiation; they verified that growth was
favored in full sun cultivation. However,
similar effect was described by Gomes
et al. (2009) studying Lippia citriodora
with fresh and dry mass reduction by
shading of 30%, 50% and 75%. These
differences may be associated to the
availability of water, since in the soilless
cultivation fertigation was adjusted in
order to fully meet the diurnal water
needs of plants.

The biomass production obtained
in this study was superior compared to
cultivation data in different regions of
Brazil. In Uberlandia, Minas Gerais, the
maximum biomass of leaves was 61 g
plant! in protected cultivation (Silva,
2015), while in the present experiment it
reached a total of 910.4 g plant' (Table
1). In the Curitiba region, inflorescences
production was 9.08 g plant! in field
crop (Masetto, 2009), while in the
present research we obtained 42.73
g plant!. These differences can be
attributed to the cultivation outside
soil, to the harvesting period and to the
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Table 1. Fresh and dry mass (g plant™!) of inflorescences and leaves of Lavandula dentata in
three harvest periods with and without shading. Santa Maria, UFSM, 2014.

Inflorescences

Periods (DAP) Fresh mass (g plant™) Dry mass (g plant')

Shading

0% 50% 0% 50%

150 33.88B 7.95B
213 89.56 Aa 56.47 Ab 29.74 Aa 0.57 Ab
320 14.29 Ca 2.39 Bb 5.04 Ca 0.63 Ab

Leaves
150 276.43 B 49.10 C
213 238.66 Ba 239.27Ba 70.30 Ba 44.80 Bb
320 395.31 Aa 33434 Aa  121.30 Aa 75.40 Ab

Means followed by the same uppercase and lowercase letters in columns and lines respectively,
do not differ significantly from each other, Tukey, p<0.05). DAP= Days after planting.

Table 2. Oil yield (g plant') of leaves and inflorescences of Lavandula dentata in three
harvest periods with and without shading. Santa Maria, UFSM, 2014.

Yield (g plant?)

Inflorescences Leaves
Periods (DAP) -
Shading
0% 50% 0% 50%
150 0.38 A - 0.52C -
213 0.60 Aa 0.18 Ab 1.14 Ba 0.61 Bb
320 0.15 Aa 0.01 Bb 2.40 Aa 1.57 Ab

Means followed by same uppercase and lowercase letters in columns and lines respectively,
do not differ significantly from each other, Tukey, p<0.05).

harvesting of several harvests during
the year.

The essential oil yield of the
fresh plant parts including leaves and
inflorescences, varied depending on
the harvesting periods and shading
(Table 2). The leaves presented higher
yields than inflorescences, both in the
no-shaded and shaded condition. These
results differ from those found by Touati
et al. (2011) in Tunisia, with the same
species and stage of development,
where the yield of inflorescences was
32.4% higher than that of leaves. This
difference indicates that plants of the
same species, grown in different regions
may present different results in the
accumulation of aromatic compounds.

The yield of leaf essential oil was
higher in the harvested crop at 320 days
after planting (2.4 g plant?) followed
by 213 DAP (1.14 g plant?) and 150
DAP (0.52 g plant!). Shading reduced
the oil yield by 46.5% and 31.6% in the
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periods 213 DAP (in spring) and 320
DAP (summer), respectively. Results
from literature on the effect of shading
on the production of essential oil showed
that each species reacts differently.
Reduced levels of solar radiation
increase essential oil yield in basil
plants (Ocimum gratissimum) (Ade-
Ademilua et al., 2013) and pariparoba
(Pothomorphe umbellate) (Mattana et
al., 2010) while decrease in peppermint
(Mentha arvensis) (Chagas et al., 2013)
and herb-copaiba (Otacanthus azureus)
(Serudo et al., 2013). The results of this
work indicate that Lavandula dentata
can be included in the second group.

The highest flower yield was
obtained at 213 DAP (spring). At
320 DAP (summer) there was a 25%
reduction in essential oil yield. This
reduction is attributed to the lower
number of inflorescences at that time
as well as to a higher proportion at the
senescence stage at harvest time (data

not shown). The highest content of
L. dentata oil in inflorescences at the
bud stage has been demonstrated in
literature (Masetto ez al., 2011). Effect of
temperature and stage of development of
Lavandula angustifolia inflorescences
on oil yield was also observed by
Hassiotis ez al. (2014). In addition to this
quantitative variation, the results also
showed a qualitative variation between
the essential oils of the two parts of the
evaluated plant. These differences may
be adaptive responses to ecological
requirements. The results indicated that
temperature and solar radiation increase
the accumulation of volatile compounds.
The same was found in research done
with Lippia alba (Barros et al., 2009)
and Salvia officinalis (Verma et al.,
2015) where results showed that the
harvest period during the year affected
yield and quality of essential oil.

In GC-MS chromatographic
analyzes all 31 constituents were
identified representing 96-95% of the
total essential oil in inflorescences and
plant leaves (Table 3). In leaves the major
constituents were 1,8 (38.57 to 41.09%),
linalool (10.56% to 15.62%), camphor
(9.32% to 10.43%) and sabinene (3.91%
to 5.61%). In inflorescences, the main
constituents were 1,8 cineol (32.48%
to 40.65%), camphor (18.32% to
25.14%), linalool (7.22% to 11.59%)
and fenchone (5.72%). The contents
of the constituents found in this work
differ from those found in literature,
which also vary among L. dentata
plant-producing regions. In Algeria,
the major compounds were 1,8-cineol,
B-pinene, trans-pinocarveol and linalool
(Bousmaha et al., 2005). In Morocco,
the relative concentrations of beta-
pinene, mirthenol and alpha-pinene
were higher (Imelouane et al., 2010),
while in Egypt other major constituents
were found, as menta-1,5-dien-8-ol,
caryophyllene, guiaol (Abdel-Hady
et al., 2014). In this work some of
these compounds are present in small
amounts and others have not been found.
These differences probably reflect the
differentiated physiological responses of
plants to conditions in the environment
where they were grown, resulting in
variability in phytochemical content.

There was variation in the
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Table 3. Chemical composition of the volatile oil of Lavandula dentata in three harvest periods (DAP) with and without shading. Santa

Maria, UFSM, 2014.

Inflorescences Leaves
Constituent RI® 213 320 213 320
150 150

0% 50% 0% 50% 0% 50% 0%  50%
a-tujone 930 0.15 0.09 024 0.18 0.21 0.23 - - 0.09 0.11
a-pinene 939 3.07 3.01 298 3.25 3.19 2.98 3.49 3.51 2.78 2.81
camphene 953 126 1.13 137 0.98 1.07 0.15 0.16 0.24 0.14 032
sabinene 976 4.09 3.75 3091 4.17 4.25 5.37 3.94 5.61 435 3091
B-pinene 980 085 0.82 0.89 0.79 0.80 0.54 0.29 0.53 0.18 0.25
mircene 991 0.13 - 0.07 0.10 0.19 1.09 1.03 1.48 0.75 0.86
limonene 1031 145 1.39  1.62 1.35 1.58 0.12 0.10 0.17 1.48 1.93
1,8-cineole 1033 37.64 35.01 40.65 3248  36.27 41.09  38.57 40 39 40.20
y-terpinene 1062 1.03 098 1.0l 1.04 1.11 0.41 0.39 0.47 084 096
E’; dsrilt’énene 1068 085 079 0.56 0.63 078 007 011 0.5 - 0.09
g’;i'élenalo"l 1074 - 008 0.13 009  0.12 - - - 0.16 027
fenchone 1087 571 5.69 5.78 5.71 5.74 3.09 3.12 3.78 413 446
terpinolene 1088 049 023 048 0.17 0.19 1.58 1.38 1.49 .61 1.73
linalool 1098 10.05  8.17 11.59 10.91 7.22 15.04 1497 15.60 10.50 13.20
fenchol 1112 2.39 2,12 3.28 2.46 3.04 2.76 3.01 3.10 1.89 2.14
canphor 1143 18.32 18.95 25.14 18.58 21.73 9.86 9.32 1040 10.10 10.30
borneol 1165 062 061 0.78 0.31 0.92 0.19 - - 0.07 0.12
lavandulol 1167 0.07 0.13 0.25 0.69 0.71 - 0.41 0.58 - 0.16
4-terpineol 1177 124 1.05 1.18 1.50 1.09 3.87 2.93 3.09 246  2.67
a-terpineol 1189 2.98 3.14 296 2.96 3.05 1.62 0.98 1.07 1.95 2.04
verbenone 1204 0.17 - 0.11 0.11 - 0.14 0.20 0.27 - -
Monoterpene (%) 92.56 8632 100 88.46  93.26 82.46 8440 91.54 82.48 86.49
linalool acetate 1257  0.12 - - - - 1.96 0.87 2.15 0.11 3.09
lavandulil acetate 1289 1.03 094 147 1.47 0.87 0.51 - 0.73 - 0.86
geranil acetate 1383 - - - 0.01 0.07 - - 0.13  0.18
[B-cariofilene 1418 0.13 - 0.24 0.24 0.26 0.24 - 0.08 0.01 0.27
farnesene 1420 0.71  0.56 0.49 0.49 0.75 1.48 1.56 0.97 132 1.61
germacrene D 1480  0.03 - - - 0.11 - - - 0.18 0.24
isoval lavandulil 1510 025 047 0.73 0.73 0.78 0.75 0.63 1.09 021 1.27
cariofilene oxyde 1581 0.17 0.17 0.23 0.23 0.19 3.12 2.76 2.81 2.40 3.08
cadinool 1640 2.05 2.14 1.84 1.84 2.03 0.15 0.09 0.34 - 0.63
a-bisabolol 1683 - 0.15 - - - 1.37 - 0.16 0.05 024
Sesquiterpenes (%) 449 428 5 5 5 8.28 591 8.17 436 11.23

“Retention indices from literature (Adams, 1995).

composition and proportion between
leaves and inflorescences, standing out
the camphor, which was reduced to
approximately half and linalol, which
was superior in leaves. Differences
in composition and proportion of the

chemical constituents in the essential
oil by the luminosity conditions
confirm observations of Mattana et al.
(2010) who showed that, although the
concentration of the major compound
trans-nerolidol is reduced in shaded
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environments, the yield of the essential
oil was favored.

The results indicate that cultivation
outside soil can be an alternative for
production of lavender biomass in
the southern region of Brazil. Several
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harvests throughout the year are possible
without replacing plants, in protected
crop structures with high transmissivity
to solar radiation. And both artificial
shading and other factors that reduce
transmissivity of the cover material
should be avoided because they reduce
inflorescence yield and oil yield. For
industrial scale oil production purposes,
green mass production schedules can
be envisaged in order to extend the
industrial processing period during the
year. We concluded that, planting in the
beginning of March, three consecutive
harvests can be made in August (150
DAP), October (213 DAP) and February
(320 DAP).
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ABSTRACT

Potato genotypes were evaluated in their performance, according
to the genotype values for tuber yield traits. The experiments were
carried out in Canoinhas and Pelotas, Brazil, in spring 2014. Eleven
advanced clones and two commercial cultivars (Agata and Asterix)
(check cultivars) were evaluated. A randomized complete block
design with four replicates was used. Plots were harvested 110 days
after planting, and evaluated for tuber yield components. The data
were submitted to joint deviance analyzes using the REML/BLUP
method. Clones F102-22-07 and F32-02-06 stood out positively
for tuber yield. F102-22-07 showed high marketable tuber yield
and average tuber weight, while clone F32-02-06 exhibited high
marketable and total tuber yield. The superiority of these advanced
clones in relation to the check cultivars, suggests their potential to be
evaluated in other environments, aiming their release as new cultivars.

Keywords: Solanum tuberosum, plant breeding, genotypic values.

RESUMO

Seleciao genotipica de clones avan¢ados de batata via REML/
BLUP

Verificou-se o desempenho de genétipos de batata de acordo com
os valores genotipicos para caracteres de rendimento de tubérculos.
Os experimentos foram realizados em Canoinhas-SC e Pelotas-RS,
na primavera de 2014. Foram avaliados onze clones e duas cultivares
comerciais (Agata e Asterix) (testemunhas), em delineamento expe-
rimental em blocos casualizados com quatro repeti¢cdes. A colheita
foi realizada aos 110 dias apos o plantio, seguida das avaliagdes de
caracteres de componentes do rendimento de tubérculos. Analisou-se
a deviance conjunta, por meio do método REML/BLUP. Os clones
F102-22-07 e F32-02-06 destacaram-se positivamente para rendi-
mento de tubérculos. O clone F102-22-07 apresenta alto rendimento
de tubérculos comerciais e tubérculos de elevada massa média,
enquanto o clone F32-02-06 apresenta elevado rendimento total e
comercial de tubérculos. A superioridade destes clones avangados
em relagdo as cultivares testemunhas, sugere potencial dos mesmos
para serem avaliados em outros ambientes, visando o langamento
como novas cultivares.

Palavras-chave: Solanum tuberosum, melhoramento genético,
valores genotipicos.
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Development of Brazilian potato
cultivars adapted to growing
conditions of the country producing
regions and with resistance to main
diseases, is the most viable alternative
to increase yield and profitability of this
crop for growers (Gadum et al., 2003).

The main potato cultivars grown
in Brazil are of European origin and,
being not well adapted to the Brazilian
environment (Kooman & Rabbinge,
1996; Menezes et al., 2001; Pinto et al.,
2010), show shorter vegetative cycle and
lower yield, besides suffering greater
pressure from pathogens and pests
when grown here. To overcome these
difficulties, high amounts of inputs are
used to reach good yield, which reduce
crop sustainability.

Plants, as well as other living
organisms, are affected by the
environment (E), genotype (G) and their
interaction (GE). The GE interaction
promotes significant differences in
genotype’s performance when grown
under different environmental conditions
(Mohammadi et al., 2007). The GE
interaction plays a key role in breeding
programs, as it may interfere with the
adaptability and stability of genotypes
in relation to the tested environments.

According to Borges et al. (2010),
inferences about genetic materials in
field experiments, in order to identify
those to be released as cultivars, should
be based on true genotypic values, that
is, on genotypic and non-phenotypic
means. These estimates can be obtained
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using the best linear unbiased prediction
(BLUP) and the restricted maximum
likelihood (REML) methods. However,
according to Resende (2002b), the
REML procedure is equivalent to
ANOVA in cases where the experiments
are simple and balanced and meet the
assumptions of the latter.

There are several traits to be
considered for potato breeding. Among
them is the tuber yield, essential for
growers to obtain economic profitability.
For this trait, it is known that plants
yielding high tuber number generally
produce smaller tubers (Silva et al.,
2012). Both, number and size of tubers,
directly influence marketable tuber yield
(Silva et al., 2006). So, selection for
balance between tuber number and tuber
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size, is important.

The objective of this work was to
verify the performance of potato clones
according to genotype values for tuber
yield traits.

MATERIAL AND METHODS

The experiments were installed
in Canoinhas (26°S, 50°W, 839 m
altitude), and in Pelotas (31°S, 52°W, 50
m altitude), with planting dates at end
August. Eleven advanced potato clones
of Embrapa’s breeding program were
evaluated and compared to commercial
check cultivars Agata and Asterix.

A randomized complete block
design with four replications was
used. Plots were composed of two
3.5-meter rows, 10 plants each. Seed
tubers (type II: diameter between 40
and 50 mm), after stored during eight
months in cold chamber (4.0+£0.5°C),
were used. Planting spacings were 75
cm between rows and 35 cm within
plants. As fertilizer the commercial
formula 5-30-10 of N-P-K was used,
2.5 t ha'. Cultural and phytosanitary
treatments followed recommendations
for the region (Pereira, 2010). After plant
senescence, approximately 110 days
after planting, crops were harvested.

The evaluated yield component traits
were number of marketable tubers plot!,
(diameter above 45 mm); total number
of tubers plot!'; mass of marketable
tubers (kg plot'); total mass of tubers
(kg plot!); and, average tuber weight (g
tuber!), obtained by dividing the total
mass of tubers by total number of tubers.

GO Silva et al.

The number of tubers was converted to
number of tubers ha''/1000 and yield
traits in t ha''.

Joint deviance analysis for each
trait was performed to ascertain the
significance of effects, and for the
evaluation of genotype GE interaction
using the REML/BLUP method
(Henderson, 1975).

For joint deviance analysis for both
environments, the statistical model
used was:

y=X+Z +W, +e

Where y is the data vector, r is the
vector of the replication effects (assumed
to be fixed) added to the general average,
and all replicates of all environments,
g is the vector of genotypic effects
(assumed to be random), i is the vector
of GE interaction effects (random), and
the error vector (random). X, Z, and W
are the matrices of incidence that relate
effects of r, g, and i to the y vector,
respectively (Resende, 2002a).

SELEGEN software (Resende,
2002b) was used to perform these
analyzes.

RESULTS AND DISCUSSION

The deviance analysis revealed
significant differences (p<0.01) between
genotypes for all evaluated traits (Table
1). There was also a significant effect of
GE interaction for all traits, indicating
that genotype performance was not
similar at both sites (Table 1).

Phenotypic coefficients of variation
(CV) were lower for tuber number and

total tuber yield, and average tuber
weight, ranging from 10.82 to 11.50%.
For marketable tuber number and
marketable tuber yield, CVs were higher
(23.25% and 24.35%, respectively).
Considering that tuber yield is a
quantitative trait, which usually suffers
a great environmental influence (Silva
et al., 2006), the precision of these
experiments was adequate. CV values
of these experiments are similar to
those reported by Silva et al. (2006),
which ranged from 17.31 to 21.03% for
yield (total tuber mass), total number of
tubers and average tuber mass, and to
those verified by Bisognin et al. (2008),
with values varying between 16.19 and
25.60%, for the yield traits of potato
clones of different sizes. Likewise,
Costa et al. (2007) found CVs between
22.70 and 18.30%, for total tuber yield
and total tuber number, respectively.

The effects of genetic order on the
phenotype observed by magnitudes of
genotypic variances, however, indicate
that selection based on these traits would
be efficient (Table 1).

The adequacy of experimental
precision was also confirmed by the
selective accuracy, which was higher
than 70% for most traits, except for the
marketable tuber mass (63%) (Table
1). According to Resende (2002a), the
value of selection accuracy, which is
the square root of average heritability,
evidences precision in inferences of
genotypic values, indicating suitability
of the experimental conduction for
identification of superior genotypes.

GE interaction was of great
importance for all traits, as observed

Table 1. Values of the likelihood ratio test (LRT) of the joint deviance analysis for yield traits, of 13 potato genotypes evaluated in Pelotas
and Canoinhas in spring 2014. Canoinhas, Embrapa, 2018.

Effect MTN MTY TTN TTY ATW
Genotype! 66.78%* 89.62* 90.45%* 129.14* 80.00*
Genotype x environment! 31.49%* 54.00%* 38.94%* 80.73* 40.65*
Coef. determination of interaction 0.45 0.59 0.41 0.59 0.49
Genetic correlation between environments 0.37 0.26 0.49 0.33 0.37
Acuracy in the selection 0.71 0.63 0.79 0.70 0.71
Coeficient of variation (%) 23.25 24.35 10.82 11.50 11.18
General mean 96.59 11.51 496.81 25.42 50.97

'LRT values; *significant at P<0.01 by the > test with 1 degree of freedom. MTN= marketable tuber number (ha'/1000); MTY= marketable
tuber yield (t ha'); TTN= total tuber number (ha'/1000); TTY= total tuber yield (t ha'); ATW= average tuber weight (g tuber™).
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Table 2. Estimates of predicted genetic (g) and genotypic values (u+g) for 'Pelotas, 2Canoinhas and 3joint for both environments, and
estimates of mean genotypic value (u+g+gem) of 13 potato genotypes for total tuber number (ha'/1000) and total tuber yield (t ha), in

spring 2014. Canoinhas, Embrapa, 2018.

g u+g’ g? u+g’ g u+g’ u+gtgem
Genotype
Total tuber number
Agata (check) -147.15 346.15 -90.49 409.84 -79.77 417.04 375.69
Asterix (check) 74.52 567.82 -34.86 465.47 13.31 510.13 517.03
C2519-12-06 -43.94 449.36 -54.60 445.73 -33.08 463.73 446.59
F102-22-07 -84.78 408.52 -86.89 413.44 -57.63 439.18 409.31
F189-09-06 -96.44 396.85 106.01 606.34 3.22 500.03 501.70
F208-01-06 -91.06 402.24 -86.90 413.43 -59.74 437.07 406.11
F22-01-08 132.86 626.15 -81.96 418.37 17.08 513.89 522.74
F23-11-06 171.45 664.75 23.02 523.35 65.28 562.09 595.92
F23-24-06 77.22 570.51 111.84 612.17 63.47 560.28 593.18
F31-05-08 -68.17 425.12 -30.81 469.52 -33.23 463.58 446.36
F32-02-06 117.15 610.45 243.75 744.08 121.16 617.98 680.77
F32-11-06 51.19 544.49 66.09 566.42 39.37 536.19 556.59
F38-03-07 -92.85 400.44 -84.21 416.12 -59.44 437.37 406.57
Total tuber yield

Agata (check) -7.12 11.20 -14.67 17.84 -5.52 19.90 14.41
Asterix (check) 2.38 20.70 -9.63 22.89 -1.82 23.60 21.79
C2519-12-06 -1.85 16.47 -7.91 24.60 -2.47 22.95 20.49
F102-22-07 -0.67 17.65 7.46 39.98 1.71 27.13 28.83
F189-09-06 -3.98 14.34 10.89 43.41 1.73 27.15 28.86
F208-01-06 -6.46 11.86 -5.55 26.96 -3.05 22.37 19.33
F22-01-08 7.53 25.85 -8.98 23.54 -0.34 25.08 24.75
F23-11-06 3.31 21.63 4.83 37.35 2.06 27.48 29.53
F23-24-06 6.06 24.38 7.16 39.68 3.35 28.77 32.10
F31-05-08 0.58 18.90 4.50 37.02 1.28 26.70 27.97
F32-02-06 5.33 23.65 20.02 52.53 6.41 31.82 38.19
F32-11-06 0.61 18.93 4.41 36.92 1.27 26.68 27.94
F38-03-07 -5.72 12.60 -12.54 19.97 -4.62 20.79 16.20

by the proportion of variance of GE
interaction on total phenotypic variance.
It was calculated by the coefficient
of determination of the interaction,
which was close to 50% for most traits,
and by genetic correlation between
environments, which was reduced,
varying from 0.26 for marketable
tuber yield to 0.49 for total tuber
number (Table 1). The low values of
accuracy in selection based on joint
analysis and genetic correlation between
environments reinforce the importance
of studying GE interaction to maximize
gains in clone selection.

Both, tuber number and tuber size,
directly influence marketable tuber
yield (Silva et al., 2006). Therefore, it
is important in selection process to find
the balance between tuber number and
tuber size. For total tuber number, the
clones with highest estimates of free
genetic values of the interaction for
Pelotas and Canoinhas were F23-11-06,
F23-24-06, F32-02-06 and F32-11-06,
contributing with increases to general
mean of 65.28, 63.47,121.16 and 39.37
tubers ha'/1000, respectively, (Table
2). Predicted genotypic values, that is,
the general mean capitalized by genetic
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values in selection of these genotypes,
varied between 536.19 and 617.98
tubers ha''/1000. Cultivar Agata (check)
had the worst performance for this trait,
presenting the lowest genetic value.
For this trait, ‘Asterix’ (check) and
F22-01-08 were adapted specifically to
Pelotas, and F189-09-06 to Canoinhas.
Considering the average interaction
of environments (u+g+gem), which
is equivalent to the average genotypic
value of the two locations considering
the interaction, clones F23-11-06, F23-
24-06, F32-02-06, and F32-11-06 had
the highest values, 595.92, 593.18,
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Table 3. Estimates of predicted genetic (g) and genotypic values (z+g) for 'Pelotas, 2Canoinhas and *joint for both environments, estimates
of genotypic value (u+g+gem), of 13 potato genotypes for marketable tuber number (ha'/1000) and marketable tuber yield (t ha'), in spring

2014. Canoinhas, Embrapa, 2018.

g utg' g utg’ g utg’ utgtgem
Genotype
Marketable tuber number
Agata -27.36 52.16 -64.18 49.49 -25.68 70.91 49.44
Asterix -12.07 67.45 -47.66 66.01 -16.58 80.01 66.14
C2519-12-06 -3.62 75.90 -38.72 74.94 -11.61 84.99 75.28
F102-22-07 24.14 103.66 40.78 154.44 18.36 114.95 130.30
F189-09-06 -7.65 71.88 44.35 158.02 9.74 106.34 114.48
F208-01-06 -13.28 66.25 -0.31 113.36 -4.09 92.51 89.09
F22-01-08 41.44 120.97 -44.53 69.14 0.40 96.99 97.33
F23-11-06 -24.14 55.38 17.11 130.77 -2.63 93.96 91.76
F23-24-06 20.12 99.64 11.30 124.96 9.14 105.73 113.37
F31-05-08 -1.21 78.32 34.53 148.19 9.01 105.61 113.15
F32-02-06 37.02 116.54 70.26 183.92 30.24 126.84 152.13
F32-11-06 -6.44 73.09 22.92 136.58 4.28 100.88 104.46
F38-03-07 -26.96 52.56 -45.87 67.79 -20.59 76.01 58.79
Marketable tuber yield

Agata -2.44 4.22 -10.05 6.31 -2.69 8.83 5.12
Asterix -1.17 5.49 -8.47 7.90 -2.06 9.46 6.62
C2519-12-06 -0.42 6.24 -6.29 10.08 -1.42 10.09 8.13
F102-22-07 2.25 8.91 11.71 28.07 2.99 14.50 18.63
F189-09-06 -0.74 5.92 6.81 23.18 1.26 12.78 14.52
F208-01-06 -2.29 4.37 -0.76 15.61 -0.69 10.82 9.86
F22-01-08 3.77 10.43 -6.74 9.62 -0.54 10.97 10.22
F23-11-06 -1.91 4.75 2.79 19.15 0.14 11.66 11.85
F23-24-06 2.76 9.42 1.12 17.49 0.88 12.39 13.60
F31-05-08 0.61 7.26 5.64 22.00 1.33 12.84 14.68
F32-02-06 2.72 9.37 10.94 27.30 2.94 14.45 18.50
F32-11-06 -0.68 5.98 2.19 18.56 0.30 11.82 12.24
F38-03-07 -2.46 4.20 -8.87 7.49 -2.44 9.07 5.70

680.77 and 556.59 tubers ha''/1000,
respectively. In addition to high genetic
value, these clones presented good
performance for the environmental
conditions considered in the calculation
of the GE interaction.

For the best performing genotypes, a
very similar situation was observed for
total tuber yield and total tuber number,
being F102-22-07 the only exception
(Table 2). This clone presented a positive
value for tuber yield in Canoinhas, but
this was not true for total tuber number.
Likewise, clone F32-11-06 in Pelotas
did not stand out for total yield as
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much as for total tuber number. For
total yield, the best clones were F23-
11-06, F23-24-06 and F32-02-06, with
mean genotypic values considering
the interaction of 29.53, 32.10 and
38.19 t ha'!, respectively, well above
the average of the experiments (25.42
t ha') and to expected mean of checks
(18.10 t ha!). Therefore, for total tuber
number and total yield, F23-11-06, F23-
24-06 and F32-02-06 stood out from
the other clones, both eliminating the
GE interaction effect and considering
its effects.

For marketable tuber number and

marketable tuber yield, clones with
highest genetic values for both tested
locations were F102-22-07 and F32-
02-06, with estimated marketable tuber
number of 130.30 and 152.13 tubers
ha'/1000, and marketable tuber yield
of 18.63 and 18.50 t ha'!, respectively,
considering the interaction (u+g+gem)
(Table 3). These yield values are on
average 46.20% and 61.25% above
the overall mean of the experiment
for marketable tuber number and
marketable tuber yield characters.
Clones F22-01-08 and F23-24-06
presented higher marketable yields,
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Table 4. Estimates of predicted genetic (g) and genotypic (u+g) values for 'Pelotas, 2Canoinhas and *joint for both environments, estimates of
the mean genotypic value (u+g+gem), of 13 potato genotypes for average tuber weight (g tuber'), in spring 2014. Canoinhas, Embrapa , 2018.

Genotype g! u+g! g’ u+g’ g u+g’ u+gt+gem
Agata -4.18 32.86 -19.31 45.59 -6.44 44.53 38.98
Asterix -0.66 36.38 -14.41 50.49 -4.11 46.86 4331
C2519-12-06 -0.21 36.83 -9.09 55.81 -2.54 48.43 46.24
F102-22-07 6.07 43.11 31.33 96.23 10.24 61.21 70.05
F189-09-06 -0.72 36.32 5.76 70.66 1.37 52.34 53.52
F208-01-06 -6.82 30.22 0.86 65.76 -1.68 49.29 47.84
F22-01-08 3.83 40.87 -6.64 58.26 -0.74 50.23 49.60
F23-11-06 -3.97 33.07 6.45 71.35 0.65 51.62 52.17
F23-24-06 5.24 42.28 1.02 65.93 1.75 52.72 54.23
F31-05-08 7.19 44.23 14.15 79.05 5.87 56.84 61.91
F32-02-06 1.50 38.54 5.81 70.72 2.01 52.98 54.71
F32-11-06 -2.23 34.81 0.10 65.01 -0.60 50.38 49.86
F38-03-07 -5.05 31.99 -16.02 48.88 -5.78 45.19 40.20

specifically for Pelotas, while F102-22-
07 and F32-02-06 were more adapted to
Canoinhas.

For average tuber weight, which
correlates with average tuber size,
higher genetic values were observed for
both locations, for clones F102-22-07
and F31-05-08, with mean genotypic
values, considering GE interaction, of
70.05 and 61.89 g tuber’, respectively
(Table 4).

Thus, considering all tuber yield
traits, clones that most stood out
positively for the two locations were
F102-22-07 and F32-02-06. Although
not presenting high total tuber yield,
clone F102-22-07 had high marketable
tuber yield and high average tuber
weight. On the other hand, Clone F32-
02-06, although not having the highest
averages tuber yield, showed high total
and marketable tuber yield.

Considering marketable tuber
yield, 5.87 t ha'! was the mean of
check cultivars Agata and Asterix,
cultivars widely grown in the country.
Means for check cultivars are similar
to those reported by Silva et al. (2016)
in Canoinhas, based on a two-year
experiment, observed marketable tuber
yield of 7.54 and 9.47 t ha'! for ‘Agata’
and ‘Asterix’, respectively. Also Silva et
al. (2016b), found averages of 5.06 and
7.14 tha' in Pelotas, for cultivars Agata
and Asterix, respectively.

The mean marketable tuber yield
of clones F102-22-07 and F32-02-06
was 18.56 t ha’!, therefore, well above
means observed for the check cultivars.
This superiority indicates potential of
these clones to be released in the future
as new cultivars, after proving their
performance in further yield trials to be
carried out in different potato growing
regions of the country.

The clones F102-22-07 and F32-02-
06 stood out positively for tuber yield.
F102-22-07 showed high marketable
tuber yield and average tuber weight,
while clone F32-02-06 exhibited high
marketable and total tuber yield. The
superiority of these advanced clones in
relation to the check cultivars, suggests
their potential to be evaluated in other
environments, aiming their release as
new cultivars.
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ABSTRACT

One of the major problems in cultivation of tomato is the
occurrence of pests and diseases. The objective of the research was
to select genotypes from the second generation of the first backcross
(F,BC)) between the tomato cultivar for processing S. lycopersicum
(cv. Redencgdo) and the wild access S. habrochaites var. hirsutum
(PI-127826), with high levels of zingiberene (ZGB), resistant to the
two spotted spider mite Tetranychus urticae (Acari: Tetranychidae).
From the F,BC, population. The ZGB content was quantified and
five plants with high zingiberene selected (RVTZ 2011-079-117,
RVTZ 2011-079-185, RVTZ 2011-079-335, RVTZ 2011-079-345
and RVTZ 2011-079-503) and four with low zingiberene content
(RVTZ 2011-079-417, RVTZ 2011-331-460, RVTZ 2011-079-538
and RVTZ 2011-079-548) were selected. Genotypes selected for high
and low ZGB content and the parentals S. habrochaites var. hirsutum
access PI-127826 and ‘Redengdo’ were evaluated for repellency
to the two spotted spider mite. There was a significant and inverse
correlation between ZGB content and average distances travelled by
mites on tomato leaflets. The genotypes of the F,BC, generation with
high zingiberene levels RVTZ 2011-079-117, RVTZ 2011-079-185,
RVTZ2011-079-335,RVTZ 2011-079-345 and RVTZ 2011-079-503
are promising for progress in achieving resistant lines to arthropod
pests. Among them RVTZ 2011-079-117 stands out for resistance to
two spotted spider mite.

Keywords: Solanum lycopersicum, Solanum habrochaites var.
hirsutum, Tetranychus urticae, genetic breeding, zingiberene.

RESUMO

Selecido de genétipos de tomateiro para processamento,
resistentes ao acaro-rajado

Um dos principais desafios da cadeia produtiva de tomates é a
incidéncia de problemas fitossanitarios, os quais resultam em grande
aplicacdo de agrotoxicos, podendo causar problemas ao ambiente e a
saude de agricultores e consumidores. O objetivo deste trabalho foi
selecionar gendtipos de segunda geragdo do primeiro retrocruzamento
(F,RC)) entre a cultivar de tomateiro para processamento S.
lycopersicum cultivar Redencdo e o acesso silvestre S. habrochaites
var. hirsutum (PI-127826), com elevados teores de zingibereno
(ZGB), resistentes ao acaro Tetranychus urticae. Da populagdo F,RC,
foi quantificado o teor de ZGB e selecionadas cinco plantas com alto
teor deste aleloquimico (RVTZ 2011-079-117, RVTZ 2011-079-185,
RVTZ2011-079-335,RVTZ 2011-079-345 ¢ RVTZ 2011-079-503) ¢
quatro com baixo teor (RVTZ 2011-079-417, RVTZ 2011-331-460,
RVTZ2011-079-538 e RVTZ 2011-079-548). Genotipos selecionados
para altos e baixos teores de ZGB e, os parentais S. habrochaites var.
hirsutum acesso PI-127826 e ‘Redeng¢do’ foram avaliados quanto
a repeléncia ao acaro T. urticae. Houve correlagdo significativa e
inversamente proporcional entre teor de ZGB e as distancias médias
percorridas pelos acaros em foliolos de tomateiro. Os gendtipos da
geragdo F RC, com altos teores de zingibereno RVTZ 2011-079-117,
RVTZ 2011-079-185, RVTZ 2011-079-335, RVTZ 2011-079-345
e RVTZ 2011-079-503 sdo promissores para avangos na obtencio
de linhagens resistentes a artropodes-praga. Dentre eles, o genotipo
RVTZ 2011-079-117 destacou-se para resisténcia ao acaro-rajado.

Palavras-chave: Solanum lycopersicum, Solanum habrochaites var.
hirsutum, Tetranychus urticae, melhoramento genético, zingibereno.
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he tomato (Solanum lycopersicum)

is one of the most cultivated
vegetables used for fresh consumption
throughout the world. It also has large-
scale use in the agro-industry for
food. Tomato for fresh consumption is
cultivated in small and medium-sized
properties, while tomato for processing
is typically cultivated in large areas

(Gameiro et al., 2007). With industries
in all consumer centers the processing of
tomato is of global importance (Ubierna
et al., 2010). It is one of the main
industrialized vegetable in the world.

Frequent occurrences of
phytosanitary problems affect the
growth and development of tomato,
placing it at a high risk for losses
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during the production cycle. Among
the major arthropod pests, two spotted
spider mites (Zetranychus urticae) are
one of the most conspicuous (Silva et
al., 2009).

The two spotted spider mite, although
considered a secondary pest of tomato,
is becoming increasingly important as
the tomato plant provides favorable
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conditions for their reproduction and
development (Lucini et al., 2016). In
high infestation conditions, the major
damages caused to the culture are drying
of leaves and premature ripening of the
fruits (Attia et al., 2013). Chemicals,
insecticides, and miticides are the
most widely used form of pest control.
However, intensive use of agrochemicals
can damage the environment and affect
the health of farmers and consumers
(Silva et al., 2009). An alternative
to this is the introduction of genetic
resistance in plants through crosses with
wild genotypes rich in allelochemicals,
compounds produced during secondary
metabolism (Maluf et al., 2001; Silva et
al.,2009; Neiva et al.,2013; Lima et al.,
2015, 2016).

The resistance to arthropod pests
in wild tomato plants has often been
associated with the production and
exudation of allelochemicals by
glandular trichomes present in stems,
leaves, and fruits (Lucini et al., 2016).
Acyl sugar is the major allelochemical
produced by the wild species Solanum
pennellii (Dias et al., 2016) and
Solanum galapagense, while the species
Solanum habrochaites produces two
allelochemicals, 2-tridecanone and
zingiberene (Baldin et al., 2005; Oliveira
etal.,2012; Lima et al., 2015).

Generally, studies about the
mechanisms and resistance levels in
parental genotypes of S. habrochaites
var. hirsutum in relation to twostriped
mite (Weston et al., 1989) and whitefly
(Fancelli et al., 2005) are related to
the presence of trichomes in which
sesquiterpene zingiberene is produced.
The production of segregating
generations can allow separation and
evaluation of multiple mechanisms of
resistance that may occur in plants.
Furthermore, biological and behavioral
bioassays are important in breeding
programs in order to determine the
degree of resistance of the resulting
genotypes in relation to these herbivores
(Carter & Snyder, 1985).

The zingiberene (ZGB) is among the
most studied allelochemicals, providing
satisfactory levels of resistance to
the tomato leaf miner Tuta absoluta
(Lepidoptera: Gelechiidae) (Lima et al.,
2015), whitefly (Baldin et al., 2005),
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two spotted spider mite (Silva et al.,
2009), and red spider mite Tetranychus
evansi (Acari: Tetranychidae) (Maluf ez
al., 2001). It is a sesquiterpene whose
production occurs mainly in glandular
trichomes, of which types IV and VI
are present in large quantities in the
leaf epidermis of the wild genotype S.
habrochaites var. hirsutum PI-127826
(Gongalves et al., 2006).

The objective of this study was
to select genotypes from the second
generation of the first backcross
(F,BC)) between the tomato cultivar S.
lycopersicum ‘Redencdo’ and the wild
access S. habrochaites var. hirsutum
PI-127826, with high levels of ZGB
that helps plants to resist to two spotted
spider mite attack.

MATERIAL AND METHODS

The experiments were conducted
during 2013 and 2014 in the Vegetable
Crops Sector of the Department of
Agriculture at the Universidade Estadual
do Centro-Oeste (UNICENTRO)
(25°23'00"'S; 51°29'39""W; altitude
1.024 m). The climate is mesothermal
humid subtropical (Ctb), with moderate
summers and frequent and severe frosts
in winter.

The segregating F, genotypes were
obtained from the interspecific cross
between the S. lycopersicum cultivar
‘Redencdo,’strain with low levels of
ZGB and characteristics for processing,
and the wild species S. habrochaites var.
hirsutum access PI-127826, genotype
with high levels of ZGB.

Quantification of the ZGB content
of F, generation was performed on
leaf discs collected from young fully
expanded leaflets located in the upper
third of the plants totaling 6 cm? of
leaf area (Freitas et al., 2000). For
ZGB extraction, 2 mL of distilled
hexane was added to the leaf discs in
open glass test tubes and shaken for
40 seconds. Subsequently the samples
were quantified by spectrophotometric
reading (Cary 100 UV-Vis) with
absorbance at wavelength 270 nm. The
obtained values were then calculated
in mmol/cm? of leaf areca. The ZGB
concentrations in the leaflets are directly

proportional to the absorbance; higher
absorbance values reflect greater ZGB
contents.

To obtain the F,BC, population,
backcrossing was conducted in selected
plants of the F, generation (with high
levels of ZGB) with the recurring female
cultivar ‘Redencdo’. The obtained fruits
from backcross were collected and
the F BC, seeds retrieved. The F,BC,
population was obtained through self-
fertilization of the F BC, generation.

In F,BC, generation, by using
the same methodology used in the
quantification of ZGB in the F,
generation, from a total of 600 evaluated
plants, there were five with high ZGB
content (RVTZ 2011-079-117, RVTZ
2011-079-185, RVTZ 2011-079-335,
RVTZ 2011-079-345, and RVTZ 2011-
079-503) and four with low content
which were selected (RVTZ 2011-079-
417,RVTZ 2011-331-460, RVTZ 2011-
079-538, and RVTZ 2011-079-548).
Plants with contrasting ZGB contents
were cloned by rooting of axillary shoots
in polystyrene trays consisting of 128
cells filled with commercial substrate
Mecplant®. Sowing of the cultivar
‘Redencao’ was held concurrently with
cloning, and the sowing of wild species
S. habrochaites var. hirsutum access
PI-127826 was carried out fifteen days
earlier. Difference in emergence and
growth was the reason for staggered
sowing.

At 21 days after cloning, when plants
had formed roots and the parentals had
between three and five true leaves, the
genotypes with contrasting ZGB content
(high ZGB content, S. habrochaites
var. hirsutum P1-127826, and low ZGB
content, S. [ycopersicum ‘Redencdo’) as
well as the control, were transplanted in
low density polyethylene jars of 10 dm?
containing sieved soil.

To evaluate the plant repellency
to T. urticae, an adapted methodology
was used (Weston & Snyder, 1990).
Mites were collected in snap bean
plants and placed for breeding in tomato
plants, cultivar Santa Cruz Kada® in
greenhouse. A randomized block design
with four replications was used to
evaluate the selected tomato genotypes
of F_BC, for high and low ZGB content,
to the parentals S. habrochaites var.
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hirsutum access PI-127826 and to the
commercial cultivar ‘Redencdo’. Each
replication consisted of one plant. About
40 days after transplanting, three fully
expanded young leaflets of similar size
were collected, from upper third of
each plant.

Each of the leaflets was fixed at
the central region, with the abaxial
side up, on a sheet of A4 paper (210
x 297 mm) and placed on expanded
polystyrene boards with the aid of a
metallic tack (9 mm diameter). On each
metal thumbtack, with help of a fine
brush, ten adult female mites obtained
from a laboratory rearing were released.
The distance covered by the mites (mm)
from the center of the tack was measured
after 20, 40 and 60 min of exposure.
The maximum gap between the center
of the thumbtack and longest distance
from the end of the leaflet was taken
as distance traveled by the mite after it
left the leaflet. Mites that remained on
the metal thumbtack were considered
to have traversed a zero distance. We
considered small distances covered by
mites as indicative of greater level of
repellency.

The data obtained in the tests were
submitted to the Shapiro-Wilk normality
test and the Leévene test of homogeneity
of variances. Obtained results were
subjected to transformation by square
root (x'?). Data were submitted to
analysis of variation and averages
grouped by Scott-Knott test, with
p<0.05, using the statistical program
Sisvar (Ferreira, 2008).

Pearson correlations were estimated
between the results of the test of
resistance to pests and the ZGB levels
of the genotypes using the statistical
program Assistat 7.7 Beta (Silva, 2014).
Contrasts of interest were estimated
for each variable, including control
and F,BC, genotypes with contrasting
levels of ZGB, through software Sisvar
(Ferreira, 2008).

RESULTS AND DISCUSSION

There were significant differences
among genotypes for average distances
traveled by mites on abaxial surface of
leaflets (Table 1). At 20 and 60 min, two

of the genotypes evaluated with high
ZGB content (RVTZ 2011-079-345 and
2011-079-503 RVTZ) demonstrated the
lowest distance traveled by the mites,
which corresponded to the control with
high content of ZGB, PI-127826: 1.95,
1.30, and 1.22 mm for 20 min and
2.56, 2.66 and 2.70 mm for 60 min,
respectively. At 40 min, all genotypes
with high ZGB content (RVTZ 2011-
079-345, RVTZ 2011-079-503, RVTZ
2011-079-185, RVTZ 2011-079-117,
and RVTZ 2011-079-335) showed
results that did not differ from the
wild parental PI-127826, with 1.80,
2.22, 3.64, 3.83, 6.28 and 2.22 mm,
respectively. At all evaluated exposure
times, genotypes selected for high levels
of ZGB had obtained lower distances
traveled by the mites in comparison with
the parental ‘Redenc@o’.

There was a significant and inversely
proportional correlation between the

ZGB content and the average distances
traveled by the mites on the tomato
leaflets. The group of plants F BC, with
high ZGB content did not differ from
wild type control PI-127826 (Table
1). However, the cultivar ‘Redengédo’,
presented the highest average distances
traveled by mites in the leaflets, followed
by the group with low ZGB content.

The bioassay made with two spotted
spider mite allowed clearly observe the
sharp contrast between S. lycopersicum
‘Redengdo’ and genotypes with low
ZGB content when compared to
selected genotypes for high content of
allelochemical (Table 1).

The results obtained in this study
are in agreement with those presented
by Gongalves ef al. (2006) and Lima
et al. (2016). These authors found a
positive correlation between ZGB
content and resistance to 7. evansi
and T. urticae, and to Tuta absoluta

Table 1. Mean distance travelled (mm) by two spotted spider mites after 20, 40 and 60
minutes of exposure to the abaxial surface of leaflets in tomato genotypes S. lycopersicum
cv. ‘Redengdo’, S. habrochaites var. hirsutum P1-127826 and selected F,BC, plants with high
and low zingiberene (ZGB) content. Guarapuava, UNICENTRO, 2015.

Zingiberene Travelled distance (mm)

Genotype content . . .

(Abs)! 20 min 40 min 60 min
S. habrochaites P1-127826 0.338 1.22 a? 222 a 2.70 a
RVTZ 2011-079-117 (high) 0.216 246D 383a 524b
RVTZ 2011-079-185 (high) 0.346 3.10b 3.64a 4.83b
RVTZ 2011-079-335 (high) 0.216 471D 6.28 a 7.72b
RVTZ 2011-079-345 (high) 0.197 1.95a 1.80 a 2.56a
RVTZ 2011-079-503 (high) 0.285 1.30a 222a 2.66a
RVTZ 2011-079-417 (low) 0.038 15.19¢ 1626b  17.26¢
RVTZ 2011-331-460 (low) 0.039 21.63¢  21.88b  2295c¢
RVTZ 2011-331-538 (low) 0.029 1494¢ 1977b  19.71c¢
RVTZ 2011-331-548 (low) 0.025 22.86¢  26.14c  27.39d
S. lycopersicum cv. Redengao 0.103 33.58d 3246c¢  3490d
CV (%) 84.56 28.63 24.87 24.94
Correlation with ZGB content -0.82" 083" -0.83 ™
Comparison of contrast of interest estimative 20 min 40 min 60 min
Genotypes high vs. genotypes low -14.60 " -1596* -1598 ™
PI-127826 vs. genotypes high -2.83m 284 -3.15
PI-127826 vs. genotypes low -17.44™  -18.79™ -19.13 ™
Redengdo vs. genotypes high 29.53" 27417  29.05™
Redengio vs. Genotypes low 14.92*  1145* 13.07™

1ZGB content at 270 nm; 2Means followed by same letters in the column belong to the same
group, Scott-Knott test, p<0,05; “significant correlation, Student t test, p<0,01; "*significant
contrast by Scheffé test, p<0.01; ™not significant.
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(Lepidoptera: Gelechiidae) in genotypes
originated from the interspecific cross
between S. habrochaites var. hirsutum
and S. lycoperscicum TOM-556 and
‘Redengao’, respectively.

In most studies on tomato resistance,
repellency estimated time is given by the
mite permanence on the surface of a tack
when exposed to allelochemicals. In the
present study, the results confirmed this
information, and the genotypes with
high ZGB content have higher degree
of repellency in bioassays.

Silva et al. (2009) found a higher
degree of repellency to spider mite in
double heterozygotic genotypes with
a high ZGB content and acyl sugars,
compared to the commercial controls.
Maluf et al. (2001) considered ZGB
the main factor responsible for the
resistance to 7. evansi in interspecific
hybrids originating from the crossing
between S. habrochaites var. hirsutum
x S. lycopersicum.

Toscano et al. (2002) observed that
the genotype PI-127826 have trichomes
type I, IV, Va, VIc and VII. Glandular
trichomes type IV along with the type
VI, are responsible for production of
the allelochemical ZGB (Gongalves
et al., 2006). These trichomes are
present in low concentration in S.
lycopersicum ‘Redengdo’ (Lucini et
al., 2015). According to Alba et al.
(2009), glandular trichomes type 1V
are responsible to reduce oviposition
of females and increase repellency
and mortality of adults of two spotted
spider mites on leaflets of tomato
plants, by producing allelochemicals
such as acylsugars. Figueiredo et al.
(2013) showed that high densities of
glandular trichomes on abaxial surface
of strawberry leaflets decrease mobility
of adults of two spotted spider mites.
These trichomes promote resistance or
no preference or antixenosis type, in
which plants do not present attractive
to the pest for basic functions such as
shelter, food, oviposition and other
essential activities (Lucini et al., 2015).

High resistance levels against
two spotted spider mite in genotypes
with high levels of allelochemicals
is a favorable condition within the
integrated pest management, because
it facilitates the control, reducing

274

DS Zanin et al.

the amount of chemicals used and
simultaneously contributing to the
reduction of production costs (Alba et
al., 2009). The role of ZGB and other
alellochemicals in promoting resistance
to pests has been confirmed in other
studies. Silva et al. (2009) found that
heterozygotic tomato genotypes rich
in ZGB and double heterozygotic
genotypes with high levels of ZGB and
acyl sugars had fewer whitefly eggs,
lower whitefly nymphs survival and
lower distances traveled by two spotted
spider mites on the leaflets, compared
to commercial controls, suggesting a
kind of no preference resistance for
feeding and/or antibiosis. Neiva et al.
(2013) obtained higher resistance to
whitefly in tomato lines rich in acyl
sugars, ZGB and 2-tridecanone, in
comparison to the genotypes with low
contents of these compounds. Rakha et
al. (2017) observed that wild tomato
genotypes with high density of type IV
glandular trichomes were less preferred
by two spotted spider mites adults
for oviposition, feeding or shelter,
and suffered less damage on leaves in
comparison with a commercial cultivar,
used as a control.

This study demonstrated that
the indirect selection of genotypes
with high levels of ZGB presents
efficiency, enabling accelerating the
process of selection of genotypes
resistant to arthropod pests. According
to Gongalves et al. (20006), selecting
through allelochemical content can be
more efficient in obtaining genotypes
with higher arthropod resistance levels
in tomato plants when compared with
bioassays using insects.

Tomato genotypes F,BC, with high
levels of ZGB, RVTZ 2011-079-117,
RVTZ 2011-079-185, RVTZ 2011-
079-335, RVTZ 2011-079-345 and
RVTZ 2011-079-503 presented shorter
average distances traveled by mite 7.
urticae on the abaxial surface of the
leaflets. Thus, these genotypes can
be used in future backcrossing using
the cultivar ‘Reden¢do’ as a recurrent
parent, thus aiming to increase the
agronomic characteristics and maintain
the resistance to arthropod pests.

In conclusion, genotypes of F,BC,
generation with high zingiberene levels

RVTZ 2011-079-117, RVTZ 2011-
079-185, RVTZ 2011-079-335, RVTZ
2011-079-345 and RVTZ 2011-079-
503 are promising for improvements
in achieving lines with background
for processing, resistant to arthropod
pests. Among them, we highlight that
RVTZ 2011-079-117 represents an
important technological breakthrough
for tomato production, and is available
for breeding programs which can be
used in developing lineages.
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ABSTRACT

Development of Brazilian potato cultivars adapted to different
growing conditions, production systems and regions of the country
is very important to increase the competitiveness of the national
potato chain. In this sense, the objective of this work was to verify
the performance of advanced potato clones for tuber yield traits,
vine maturity and frying quality. An experiment was carried out in
Pelotas-RS in spring, 2014. A set of nine advanced potato clones and
two control cultivars were evaluated using a randomized complete
block design with four replicates. Plots consisted of single rows
of 20 plants spaced at 0.80 m between rows and 0.30 m between
plants. The data of each trait were submitted to the deviance analysis,
estimated the genetic values and selected the best genotypes using
selection indices of the sum of ranks and the lowest distance from the
ideotype. Clones F131-08-26 and F183-08-01, and the check ‘ Asterix’
were distinguished for yield of marketable tubers. F183-08-01 and
the control stood out for specific gravity and average tuber weight.
Clone F161-07-02 ranked among the best for specific gravity, frying
color and vine maturity. F97-07-04 and F183-08-01 and the check
‘Asterix’ were the best according to the selection indices, however,
would result in losses in the frying color and vine maturity traits.

Keywords:Solanum tuberosum, selection index, genetic parameters.

RESUMO

Selecdo de clones de batata para rendimento de tubérculos,
ciclo vegetativo e qualidade de fritura

A obten¢d@o de cultivares nacionais de batata adaptadas a dife-
rentes condi¢des de cultivo, sistemas e regides do Brasil ¢ muito
importante para aumentar a competitividade da cadeia brasileira
da batata. Neste sentido, o objetivo deste trabalho foi verificar o
desempenho de clones de batata para caracteres de rendimento de
tubérculos, ciclo vegetativo e qualidade de fritura. O experimento
foi realizado em Pelotas-RS na primavera de 2014. Foi avaliado um
conjunto de nove clones de batata e duas cultivares testemunhas,
no delineamento experimental de blocos casualizados com quatro
repeti¢des e as parcelas constituidas de uma linha com 20 plantas,
espagadas em 0,80 m entre linhas e 0,30 m entre plantas. Os dados de
cada carater avaliado foram submetidos a analise de deviance. Foram
estimados os valores genéticos e selecionados os melhores genotipos
por indices de sele¢ao da soma dos “ranks” e da menor distancia ao
tipo ideal. Para rendimento de tubérculos comerciais destacaram-
-se os genotipos F131-08-26, Asterix e F183-08-01, sendo os dois
ultimos genotipos também destaques para peso especifico e massa
média de tubérculos. O clone F161-07-02 foi classificado entre os
melhores para peso especifico, cor de fritura e ciclo vegetativo. Os
clones F97-07-04 e F183-08-01 e a cultivar testemunha Asterix foram
os melhores de acordo com os indices de selegdo, que, no entanto,
resultaria em perdas nos caracteres cor de fritura e ciclo vegetativo.

Palavras chave: Solanum tuberosum, indice de sele¢do, pardmetros
genéticos.
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Most of the potato cultivars currently
used in Brazil was developed in
Europe. Because they do not have a
good adaptation to Brazilian soil and
climatic conditions, they require a high
amount of inputs to reach high yields
(Silva et al., 2014a). Therefore, the
use of national cultivars adapted to
the growing conditions of the different
producing regions of the country is
considered an important strategy to
make the crop more productive and
profitable to farmers (Silva et al.,
2014a).
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In temperate regions, potato cultivars
with a later maturity (>130 days) show
higher yield in relation to the early ones,
which is also true for tropical conditions
(Silva & Pinto, 2005; Rodrigues et al.,
2009). However, farmers prefer early
cultivars (Rodrigues et al., 2009) because
they allow a greater number of crops per
year and use of the area with other crops
throughout the year, less time of plants
exposure to adverse weather, lower
risk of diseases and pests, and reduced
demand for irrigation. In addition, these
cultivars allow early harvesting of the

crop to take advantage of good prices
of the product on the market. Thus,
earliness is a highly relevant trait for
potato breeding programs, but it must
be associated with tuber yield, among
other traits.

The potato can be marketed in
natura or used for industrial processing.
Consumers give great important to
tuber appearance, while processors
require tuber traits that confer frying
quality, like high specific gravity, low
content of reducing sugars, besides
absence of physiological disorders.
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The specific gravity is an important
trait, because it is related as dry mass
content in the tubers. Potatoes of high
specific gravity yield more final product
in industrialization, less absorption of
fat during frying, besides influencing
positively texture and taste. In turn, low
sugar content prevents the darkening of
processed products that compromise the
appearance and taste of the fried product
(Silva et al., 2014b).

The inferences about genetic
materials in field experiments for
classifying those clones to be released
as cultivars should be based on true
genotypic values, that is, on genotypic
and non-phenotypic means. Genotypic
means are future means, when cultivars
will be grown as commercial crops.
Since this prediction requires the true
values of the variance components, it
is important to use the best unplanned
linear prediction (BLUP) and the
maximum restricted likelihood (REML)
methods. For this, the consideration
of effects of treatments as random
is essential, since only then genetic
selection can be done, otherwise
selection is phenotypic (Borges et al.,
2010). Although when the experimental
precision is adequate the phenotypic
values are similar to the genotypic ones.
However, in potatoes are still incipient
studies using this theory.

In relation to the selection of
superior genotypes for multiple traits,
the selection process can be more
efficient with the use of selection
indexes, which allow combine multiple
information from the experimental unit,
so that selection is based on a complex
of variables that gather several attributes
of interest (Cruz et al., 2012). Several
selection indexes have been described
in the literature, being some based
on the establishment of economic
weights or desired gains for the traits.
However, the difficulty and subjectivity
to assign the necessary weights in the
use of these methods, has led to the
proposition of methods that exempt
such determinations, such as the shortest
distance in relation to the ideal genotype
or ideotype and sum of the ranks (Cruz
etal., 2012).

Silva et al. (2014b) evaluated the
efficiency of selection index for yield

components and frying quality, and
found that the index of the shortest
distance to the ideotype was superior
to the other methods for identifying the
best clones and obtaining higher gains.

Thus, the objective of this work was
to verify the performance of advanced
potato clones for tuber yield traits, vine
maturity and frying quality.

MATERIAL AND METHODS

The experiment was carried out in
Pelotas-RS (31°S, 52°W, 50 m altitude),
in the 2014 spring season. Tubers were
planted on August 26 and harvested 106
days later.

A set of nine advanced clones (F97-
07-04, F161-07-02, F110-07-01, F37-
08-01, F131-08-26, F156-07-19, F183-
08-01, CL310, and CL316) and two
check cultivars (Agata: early maturity;
Asterix: frying quality) were evaluated.

A randomized complete block
design with four replicates was used.
Plots consisted of single rows of 20
plants spaced at 0.80 m between rows
and 0.30 m between plants.

Planting rows were fertilized
with 3.8 t ha! of NPK commercial
formula 05-30-10. Cultural and
phytosanitary treatments followed
the recommendations for the region
(Pereira, 2010). Earthing up was done 30
days after planting, and no top-dressing
of nitrogen was added.

Maturity of each plot was visually
assessed 100 days after planting, using
a nine-point scale (1-late, 9-early).
Note 1 was ascribed for plots with
plants showing the later green leaves
and with less prostrated stems, and
note 9 for plants with more yellowish
leaves and stems prostrated, indicating
proximity of vine maturity. For other
plots intermediate grades were given,
comparing with the two extremes,
according to Silva et al. (2012).

After harvesting, tubers of each plot
were graded as marketable (transversal
diameter >45mm) and non-marketable
(transversal diameter <45mm), counted
and weighed, for obtaining data of the
following traits:

Marketable tuber yield (kg plot™!);

Hortic. bras., Brasilia, v.36, n.2, April - June 2018

Marketable tuber number;

Average tuber weight (g), obtained
by dividing the total tuber weight plot!
by the total tuber number.

The marketable tuber number and
marketable tuber yield were converted to
tuber number ha''/1000 and marketable
tuber ha’!, respectively.

The specific gravity and chip color
were also evaluated. The specific gravity
was measured directly on the tubers
using a hydrometer from the Snack Food
Association (Kumar et al., 2007). The
chip color was assessed using samples
of 15 slices per plot, prepared from three
medium and healthy tubers. Five 1-mm
thick slices were cut transversally from
the middle part of each tuber, washed in
running water, dried with paper towel
and sifted into vegetable oil at the initial
temperature of 180°C until bubbling
stopped. Color was assessed visually to
a standard set on grading scale from 1
(dark) to 9 (light), adapted from Silva
et al. (2014b).

The data of each trait were submitted
to analysis of deviance and estimation
of genetic parameters, genotypic values
(phenotypic mean corrected by genetic
values) and confidence intervals of
genotypic values, using the REML/
BLUP method (Resende, 2002b). For
the deviance analysis the following
model was used:

y =Xr+Zg+te,

where y is the vector of observed
data, r is the vector of effects of
repetitions (assumed as fixed), g is the
vector of genotypic effects (random),
and X and Z, incidence matrices for these
effects (Resende, 2002a). As the number
of genotypes was greater than ten, the
effects of genotypes were considered
as random, following the criterion of
Resende & Duarte (2007). Data analysis
was done with SELEGEN software
(Resende, 2002b).

The superior genotypes were
selected by the index of the sum of
ranks (Mulamba & Mock, 1978), which
consists of ranking genotypes for each
trait in an order that favors breeding. The
selection index based on the distance
between each genotype and ideotype
(Schwarzach, 1972 cited by Wricke &
Weber, 1986) was also used. This index
is calculated using the least Euclidean
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distance of the ideal genotype, with the
ideal genotype being the one with the
maximum genotypic values for each
trait. These analyzes were performed
using the GENES software (Cruz,
2016).

RESULTS AND DISCUSSION

Deviance analysis revealed
significant differences (p<0.05) among
genotypes for all traits, indicating
that there is difference in genotype
performance for the evaluated traits
(Table 1).

The phenotypic coefficient of
variation (CV) was lower for specific
gravity, 0.29%. The CV for the other
traits varied from 7.76 to 19.59%, for
average tuber weight and chip color,
respectively. These results indicate
that, in this experiment, adequate
experimental precision was obtained,
considering that, for example, traits
related to tuber yield, which is a
quantitative trait, normally has a great
influence on the environment (Silva et
al., 2000).

The genotype CV/phenotype CV
relationship was greater than 1 for all
traits, indicating that genetic variation
exceeded the environmental, and,

GO Silva et al.

therefore, selection for these traits could
be efficient (Cruz et al., 2012). A large
genetic effect on the phenotype can also
be confirmed by the magnitudes of the
genotypic variances in comparison to the
phenotypic variances, by the accuracy
in the selection, which exceeded 90%
for all traits, and by the heritability
coefficient in the broad sense. In the
case of potato (asexual reproduction),
the broad sense heritability exploits
the additive, dominance and epistatic
effects. This coefficient was not only
elevated for the chip color trait (Table 1).

The appropriate experimental
precision can also be attested by the
mean of estimated heritability of the
clones, or heritability to the genotypic
mean, which was high for all the traits,
being greater than or equal to 90%,
and indicated along with the selective
accuracy, that high effectiveness with
the selection can be obtained (Table
1). According to Resende (2002a), the
accuracy value of the selection, which is
the square root of the average heritability
of the clones, indicates high precision
in the inferences of the genotypic
values, showing that the experimental
conduction was appropriate for the
identification of superior genotypes.

Observing the genotypic values,
which refer to the values of the

phenotypic means corrected by the
genetic values corresponding to the
predicted performance of the genotypes
when they are cultivated, it was noted
that for number and yield of marketable
tubers, the clone F131-08-26 had the
highest genotypic value, with potential
mean yield of 193.32 marketable tubers
ha'/1000 and 19.31 t ha!(Table 2).

For the marketable tuber number,
clones F183-08-01, CL316, F97-07-
04, F161-07-02 and the check cultivar
Asterix, belonging to the confidence
interval of the best classified clone, with
alower limit of 163.90 tubers ha''/1000,
stood out. For marketable tuber yield,
the same genotypes, except F161-07-02,
belonged to the confidence interval of
the best clone.

The average marketable tuber
number observed in this experiment
(144.70 ha''/1000) is similar to that
reported by Silva et al. (2012) (145.83
ha'/1000), who evaluated a set of eight
advanced clones and check cultivars
Agata and Asterix, in autumn conditions
at the same location. For the marketable
tuber yield the authors observed a mean
value of 19.53 t ha'', while in this study
the mean was 13.97 t ha''. Silva et al.
(2014b) evaluated seven advanced
clones and the same checks in the
spring 2012 conditions in Canoinhas,

Table 1. Values of the likelihood ratio test (LRT) of deviance analysis and genetic parameters of the evaluation of 11 potato genotypes in
Pelotas-RS, in spring 2014. Pelotas, Embrapa, 2018.

Trait MTN MTY ATW SG Color MAT
Genotype' 32.57* 35.82% 38.03* 64.06* 23.68%* 50.05%*
Genotypic variance 1474.01 19.96 71.16 0.001 1.12 2.34
Residual variance 431.15 5.04 16.31 0.001 0.51 0.33
Phenotypic variance 1905.16 25.00 87.47 0.002 1.62 2.67
Broad sense heritability 0.77 0.80 0.81 0.92 0.69 0.88
Average heritability of clones 0.93 0.94 0.95 0.97 0.90 0.97
Acuracy in the selection 0.97 0.97 0.97 0.98 0.95 0.98
CV genotypic (%) 26.53 31.98 16.22 1.02 29.04 26.82
CV phenotypic (%) 14.35 16.07 7.76 0.29 19.59 10.03
CV genotypic /CV phenotypic 1.85 1.99 2.09 3.48 1.48 2.67
General mean 144.70 13.97 52.01 1.08 3.64 5.70

'LRT values; Significant at ¥P=0.01 by the 3’ test with one degree of freedom. MTN=marketable tuber number ha'/1000; MTY= marketable
tuber yield in t ha'; ATW= average tuber weight in g tuber!; SG= specific gravity, assessed directly using hydrometer; Color= frying color
(notes of nine point scale, 1= light, 9= dark); MAT= vine maturity (notes of nine point scale, 1= late, 9= early).
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and found an average marketable tuber
number of 114.43 ha'/1000 and average
marketable tuber yield of 21.00 t ha™.
Therefore, the experimental conditions
of'this experiment provided to the plants
the adequate performance and similar to
other studies with potato clones in the
southern region of the country.

For average tuber weight, which is
related to average tuber size, the clone
F183-08-01, with 59.10 g tuber?, only
had no genotypic value higher than the
check Asterix (69.41 g tuber'), with
value included in the lower limit of the
confidence interval for this cultivar.
However, most of the other clones
belonged to the same confidence interval
as clone F183-08-01, except F37-08-01
and the check ‘Agata’, which presented
the lowest genotype values, that is,

smaller tubers. This indicates that the
majority of the clones presents large
tubers, highlighting the clone F183-
08-01, with sizes bigger than ‘Agata’,
which is the most cultivated potato
cultivar in the country.

In relation to vine maturity, clones
F97-07-04 and F161-07-02 belonged
to the same confidence interval of the
check ‘Agata’, the earliest genotype,
with note 7.92. The later maturity clones
were CL316, F131-08-26 and F183-08-
01. In a study reported by Silva et al.
(2012), in autumn, in Pelotas, ‘Agata’
had also the earliest maturity genotype
of ten genotypes evaluated. It is worth
noting that ‘Agata’, which presents a
yellowish skin, is the most cultivated
cultivar in the country, highlighting by
early maturity combined with good-

looking tubers (Fernandes et al., 2011;
Peeten et al., 2011).

For traits related to frying quality,
the clone F183-08-01 presented the
highest specific gravity (1.105), but
belonging to the same confidence
interval of the estimated value for the
check ‘Asterix’ (1.098), which is the
main cultivar used for frying. However,
the majority of the other clones, except
F156-07-19 and check ‘Agata’, are
in the same confidence interval of the
values obtained for this check Asterix’.
The specific gravity is highly correlated
with the dry matter content, and it is a
non-destructive trait of the samples and
of easy and rapid evaluation (Bhering et
al., 2009). Silva et al. (2012) verified
specific gravity values of 1.082 for
‘Asterix’and 1.062 for ‘Agata’. Pinto et

Table 2. Predicted genotypic values (#+g) and their lower (LIIC) and higher (LICS) confidence interval limits of the evaluation of 11 potato
genotypes in Pelotas-RS, in spring 2014. Pelotas, Embrapa, 2018.

Genotype NMT MMT ATW

LIIC utg LSIC LIIC utg LSIC LIIC utg LSIC
F97-07-04 131.87 161.29 190.71 13.02 16.35 19.68 50.26 56.45 62.64
F161-07-02 11439  143.81 173.23 8.95 12.29 15.62 42.92 49.11 55.30
F110-07-01 72.65 102.08 131.50 6.76 10.09 13.42 41.56 47.75 53.94
F37-08-01 84.79 114.21 143.63 6.27 9.60 12.93 38.74 4493 51.12
F131-08-26 163.90  193.32 222.74 15.98 19.31 22.64 49.66 55.85 62.04
F156-07-19 94.98 124.40 153.82 8.85 12.18 15.52 44.15 50.34 56.53
F183-08-01 156.62  186.04 215.46 15.27 18.61 21.94 52.91 59.10 65.29
CL310 97.89 127.31 156.73 8.91 12.25 15.58 42.50 48.69 54.88
CL316 138.18  167.60 197.02 13.78 17.11 20.44 46.24 52.43 58.62
Agata 55.18 84.60 114.02 3.40 6.73 10.07 31.86 38.05 44.24
Asterix 157.59  187.01 216.43 15.80 19.13 22.47 63.22 69.41 75.60

SG Color MAT

F97-07-04 1.079 1.086 1.093 2.40 3.29 4.18 591 6.96 8.00
F161-07-02 1.081 1.088 1.095 3.75 4.64 5.52 591 6.96 8.00
F110-07-01 1.081 1.088 1.095 3.52 4.41 5.30 5.67 6.71 7.76
F37-08-01 1.079 1.086 1.093 5.10 5.98 6.87 5.43 6.47 7.52
F131-08-26 1.077 1.084 1.091 2.40 3.29 4.18 2.53 3.57 4.62
F156-07-19 1.068 1.075 1.083 2.18 3.07 3.95 5.43 6.47 7.52
F183-08-01 1.098 1.105 1.113 2.18 3.07 3.95 3.25 4.30 5.34
CL310 1.077 1.084 1.091 2.18 3.07 3.95 3.98 5.02 6.07
CL316 1.069 1.077 1.084 1.95 2.84 3.73 2.53 3.57 4.62
Agata 1.053 1.061 1.068 1.73 2.62 3.50 6.88 7.92 8.97
Asterix 1.084 1.091 1.098 2.85 3.74 4.63 3.74 4.78 5.83

NMT=number of marketable tubers per ha'/1000; MMT= mass of marketable tubers t ha"'; ATW= average tuber weight in g''; SG= specific
gravity, assessed directly using hydrometer; Color= frying color (notes of nine point scale, 1= light, 9= dark); MAT= vine maturity (notes

of nine point scale, 1= late, 9= early).
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al. (2010), on average of three locations
in the south of Minas Gerais, reported
value of 1.056 for ‘Agata’ and 1.073
for ‘Asterix’. Asterix is a red skin
cultivar most cultivated in the country
and is widely used for processing into
French fries because of its elongated
tuber shape, relatively high dry matter
content and light colored fries (Pereira
et al., 2008).

For frying color, the highest
genotypic value, that is, the lightest
frying color, was obtained by clone
F37-08-01, top mark, by the confidence
limit, to the check ‘Asterix’. Clones
F161-07-02 and F110-07-01 were also
within this range.

The search for early maturity clones
and at the same time high yielder is a
great challenge because, in general,
late maturity genotypes tend to be more
productive than the early ones (Silva &
Pinto, 2005; Rodrigues et al., 2009).
Similarly, the selection of clones with
high specific gravity and at the same time
not too late is hampered by the existence
of a positive relationship between later
maturity and dry matter content in
the tubers (Silva & Pinto, 2005). This
relationship probably occurs due to the
longer time for photosynthesis, which
can also lead to higher yield (Silva et al.,
2012). Agreeing with this information,
Pereira et al. (1994) found a negative
correlation between early maturity,
total and marketable tuber yield, and
tuber size.

In this work, in general, the
vine maturity and frying color were
positively related, indicating a situation
favorable to the selection, and that
lighter frying color materials would
be of early maturity. An example of it
is the selection of clone F161-07- 01
among the best for both traits. Pereira et
al. (1994) found a correlation between
early maturity and lighter frying color,
which was also verified by Pereira
& Campos (1999). This relationship
probably occurs because, for very
late genotypes, at the harvest time
tubers may still be immature, with a
higher concentration of reducing sugars
(Pereira & Campos, 1999), which have
not yet been converted into starch. This
positive relationship between better
frying color and higher specific gravity
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was also observed in other studies
(Pereira et al., 1994; Pereira & Campos,
1999; Bisognin et al., 2008).

For the relationship between the
yield traits with frying quality traits,
in this study it was possible to identify
clones with high tuber yield and high
specific gravity, but the same did not
be true for high yield and good frying
color. Bisognin ef al. (2008) did not find
significant associations between yield
traits and frying quality traits. Likewise,
Pereira & Campos (1999) concluded
that there was no strong association
between the reducing sugar content
and yield traits, because in such study
the associations were negative, but not
significant.

Rodrigues & Pereira (2003), based
on low magnitude correlations between
frying quality and yield traits, concluded
that the selection for both in relation
to the frying color and the dry matter
content would affect little the tuber
yield of the sample population plants
of selected clones. However, Terres et
al. (2012) verified a correlation of low
magnitude (r= 0.19), but significant,
between the total tuber yield and the
color, while Pereira et al. (1994) found
a negative correlation between frying
color and total yield and tuber size.
This relationship between tuber yield,
specific gravity and frying color also
seems to be related to the vine maturity,
since the later genotypes tend to be more
productive and to accumulate more dry
matter, but at an earlier harvest they
tend to present higher reducing sugar.
However, this relationship can be more
or less evidenced depending on the
set of genotypes evaluated, and other
variables, such as length of photoperiod
and temperature during the growing
period. In a shorter photoperiod, the
maturity is early (Rodrigues et al., 2009)
and under lower temperatures the sugar
content is higher (Pereira & Campos,
1999).

The selection index allow the
joint selection for the traits, i.e., the
identification of the best genotypes for
all the traits together. According to the
index of selection of the lowest genetic
distance to the ideotype, and also to
the index based on the sum of ranks,
the genotypes that best aggregated all

the evaluated traits were clones F97-
07-94 and F183-08-01, and the check
‘Asterix’. In the comparison with the
genotypes with the best performance
for each trait, based on the genotypic
values, the clone F183-08-01 and the
checkAsterix’ stood out mainly for the
tuber yield traits and specific gravity;
while F97-07-94 stood out for the
traits average tuber weight and vine
maturity; and ‘Asterix’ and F97-07-94
had genotypic values close to the three
best genotypes for the frying color
(Table 2).

Using selection indexes, which
provide the possibility of selecting both
for higher yield, shorter cycle and higher
frying quality, these three genotypes
(F183-08-01, F97-07-94 and check
‘Asterix’) present predicted genotypic
values higher than the overall mean,
in 23.09, 29.06, 18.54 and 0.92% for
marketable tuber number, marketable
tuber yield, average tuber weight, and
specific gravity, respectively. However,
there would be losses for the frying color
(-7.50%) and vine maturity (-6.20%)
traits. That is, there would be gains in
yield of marketable tubers and specific
gravity, but losses in the order of 6 to 7%
in the frying color and of vine maturity.

So, clones F131-08-26 and F183-
08-01 stand out in yield of marketable
tubers, specific gravity and average
tuber weight. F161-07-02 ranks among
the three best clones for specific gravity,
frying color and vine maturity. Clones
F97-07-04 and F183-08-01 and check
‘Asterix’ showed to be the best according
to index of selection, which, however,
would result in losses in frying color and
vine maturity traits.
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