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Pineapple breeding: development of new pineapple cultivars
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Abstract Almost all pineapple crops in Brazil are
grown using the cultivar Perola. This scenario can be
changed through the development of new cultivars
with better fruit quality and resistance. The novel
approach of the present study was to select pineap-
ple clones that combine both resistance to fusariosis
and characteristics related to plant and fruit qual-
ity as alternatives to the traditional cultivar Perola.
Therefore, the objectives of this work were to esti-
mate genetic parameters and select clones through
the REML/BLUP methodology, based on morpho-
agronomic characteristics and resistance to fusario-
sis. Thus, a selection index was used for quantitative
characteristics and, later, for qualitative character-
istics, such as fruit quality, presence or absence of
leaf spines, and resistance to fusariosis. Significant
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differences were found for most variables, denoting
genetic variability among the evaluated clones. Fruit
weight with and without crown and D-leaf length pre-
sented the highest heritability estimates (above 50%);
however, fruit length, mean fruit diameter, soluble
solids, titratable acidity, plant height, and number of
active leaves presented the lowest heritability esti-
mates due to greater residual variances. Characteris-
tics related to plant and fruit development are strongly
affected by the environment and may result in pheno-
typic changes. Dominance variance was higher than
additive variance, which enables the obtaining of het-
erosis through vegetative propagation. Eleven out of
the 20 superior selected clones presented absence of
leaf spines and multiple crowns, higher fruit weight
and soluble solids content, and desirable fruit shape
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and pulp color; seven of them showed resistance to
fusariosis, making them suitable for final testing for
release as new cultivars.

Keywords Ananas comosus - Selection index -
Genetic gain - Superior clones

Introduction

Pineapple (Ananas comosus (L.) Merril var. comosus)
is one of the most important tropical fruits, whose
trade has been growing in the main national and inter-
national markets; Costa Rica is the largest and Brazil
is the fourth largest pineapple producing and export-
ing country (Altendorf 2019; FAO 2021). Pineap-
ple has stood out among several fruit species grown
in Brazil, reaching a total production of more than
2.3 mg and more than 63,000 hectares of planted area
(FAO 2021), as the edaphoclimatic conditions in the
country favor the development of this crop.

Smooth Cayenne is the most grown cultivar in the
world. Its fruits have been used by fruit industries for
canned pineapple because of its high yield, flavor,
cylindrical fruit shape, and fiber content, which facili-
tate slicing and dicing (Sanewski et al. 2018). How-
ever, breeding programs have sought to develop new
cultivars, as Josephine in Malaysia (Bartholomew
et al. 2010); Aus Jubilee, Aus Carnival, and Aus Fes-
tival in Australia (Bartholomew et al. 2010; Sanewski
2014) and Tainung 17, Tainung 21, and Tainung 22
in Japan (Bartholomew et al. 2010; Tang et al. 2014;
Kuan et al. 2018).

Perola is the most grown pineapple cultivar in Bra-
zil. This variety has soft and juicy pulp with color
varying from white—pale yellow, pleasant aroma, and
soluble solids ranging from 13 to 16°Brix, which
pleases consumers. However, it has spines on its
leaves, which makes management and cultural prac-
tices difficult for growers. In addition, it is suscepti-
ble to fusariosis, the main disease of pineapple, mak-
ing the crops vulnerable, as it attacks more than 85%
of the pineapple planted area in the country (Matos
2018; Sanewski et al. 2018).

Therefore, pineapple breeding programs in Brazil
have sought to obtain cultivars without leaf spines
and with resistance to fusariosis. In this sense,
the cultivars BRS Imperial (Cabral and Matos
2005), BRS Ajuba (Cabral and Matos 2008), and
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BRS Vitoria (Ventura et al. 2009) of the Brazilian
Agricultural Research Corporation (EMBRAPA),
and TAC Fantastico (Usberti Filho et al. 1999) of
the Agronomic Institute of Campinas (IAC) were
released. These cultivars have fast growth, yellow
fruit peels, cylindrical fruits, high sugar contents,
low acid contents, slightly translucent pulps, pleas-
ant flavor, and greater resistance to internal brown-
ing during transport and storage (Py et al. 1984;
Coppens D’Eeckenbrugge et al. 2011; Paull et al.
2017). However, they have some limitations, such
as small fruits, whitish pulps, and low adaptation to
edaphoclimatic variations and different production
systems.

Therefore, breeding programs in Brazil and around
the world continue to search for varieties with better
fruit quality and more adapted to different environ-
ments. Progeny test is one of the tools used to iden-
tify the best individuals. Progeny tests are important
for breeders to estimate genetic parameters and select
individuals when focusing on evaluating the magni-
tude and nature of the available genetic variance for
quantifying and maximizing genetic gains, using
appropriate selection procedures (Costa et al. 2006).

Selection based on the simultaneous selection
index for several traits is essential for the improve-
ment of fruit species, especially perennial ones, as
it enables the addition of several information to the
selection process, when focusing on choosing prom-
ising genotypes that combine several attributes of
economic interest (Cruz et al. 2012). Concomitantly
with the construction of indices, the use of variance
components estimated by the restricted maximum
likelihood method (REML) combined with genetic
values predicted by the best linear unbiased predic-
tor (BLUP) may result in the most accurate selection
process. These estimates are essential for identifying
the action of genes involved in the control of charac-
teristics and enabling the prediction of genetic gains
through selection. In addition, it allows breeders to
plan strategies that best suit the breeding program
(Resende 2002).

Mixed models have been widely used for improv-
ing several species, such as passion fruit (Assungdo
et al. 2015; Ferreira et al. 2016), elephant grass (Men-
ezes et al. 2016), and conilon coffee (Carias et al.
2016). Abreu et al. (2017) estimated genetic param-
eters in Turiagu pineapple clones and found a genetic
variability in the population that was considered
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adequate for the selection of the best clones for resist-
ance to Fusarium guttiforme and fruit quality-related
characteristics.

The novel approach of the present study was to
select pineapple clones that combine both resistance
to fusariosis and characteristics related to plant and
fruit quality as alternatives to the traditional cultivar
Perola. Therefore, the objectives of this work were to
estimate genetic parameters and select clones through
the REML/BLUP methodology, based on morpho-
agronomic characteristics and resistance to fusariosis.

Material and methods
Pineapple population and experimental conditions

The experiment was conducted at the experimental
area of the Mato Grosso State University (Unemat),
in Tangara da Serra, Mato Grosso, Brazil (14 39’
S, 57 25" W, and altitude of 321 m). The climate of
the region is Aw, tropical, with a dry winter and two
well-defined seasons: rainy summer and dry winter
(Koppen 1936; Alvares et al. 2013); the mean annual
rainfall depth is 1,800 mm, with the highest rainfall
depths between November and March, and the mean
temperature is approximately 25 °C (Martins et al.
2010).

The evaluated pineapple clones were developed
through the pineapple breeding program of the Une-
mat, registered in Sistema Nacional de Gestdo do
Patrimo6nio Genético e do Conhecimento Tradicional
Associado (SisGen) under the number ACABBB7.
The clones were generated in May 2014 using crosses
between the cultivars IAC Fantastico and Jupi;
BRS Imperial and Pearl; BRS Imperial and Smooth
Cayenne; and BRS Vitéria and Smooth Cayenne
(Table 1), performed in the morning, between 06:00
and 09:00 h. Emasculation of flowers of female par-
ents was not needed due to the high incompatibility
of the plants (Zhao and Qin 2018). Flowers were
taken from male parents, using tweezers, for cross-
pollination; they were placed in Petri dishes and the
anthers were detached with the aid of metallic twee-
zers for the pollination of flowers of female parents.
The tweezers were sterilized with 70% alcohol when-
ever the male and female parents were exchanged to
avoid contamination. After pollination, the flowers

Table 1 Number of pineapple clones obtained in four cross-
ings. Tangara da Serra, Mato Grosso, Brazil, 2020

Parents Number
- - of clones

Male (susceptible) Female (resistant)

Smooth cayenne BRS imperial 24

Smooth cayenne BRS vitéria 8

Jupi IAC fantastico 25

Perola BRS imperial 34

Total 91

were covered with paper bags to prevent pollination
by insects.

Fruits were harvested 60 days after crossing, and
their seeds were collected, disinfected in 70% alcohol
and sodium hypochlorite for 15 min, and placed on
paper towels to dry. Transparent plastic boxes (Ger-
box; 250 mL) with autoclaved sand were used for
seed germination and stored in growth chamber at
24 °C, with a 12-h photoperiod and irrigation three
times a day using sterile distilled water.

In December 2014, plantlets were transplanted into
trays 60 days after germination and left in a green-
house covered with 70% shade screen. In April 2015,
seedlings were transplanted to beds in a greenhouse
covered with 50% shade screen. The clones were
multiplied by asexual propagation in the field for two
generations. Ninety-one clones were evaluated in that
experiment (Table 1).

Planting in the field was carried out in September
2018, using a randomized block design, with three
replications, five plants per plot, and double rows with
spacing of 1.20x0.4x0.4 m. Liming and soil ferti-
lizer application at planting and as topdressing were
carried out according to the soil analysis, following
technical recommendations for the crop (Souza and
Oliveira 2021).

Selection of clones through quantitative
characteristics, using REML/BLUP

Characteristics related to plant and fruit were evalu-
ated according to Queiroz et al. (2003). The plant-
related characteristics evaluated were: plant heigh
(PH cm), measured from the ground to the high-
est leaf at natural position of the plant; number of
active leaves (NAL), by counting the number of
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green and/or active leaves; and D-leaf length (DLL
cm), measured from its insertion on the stem to the
leaf tip. The latter two variables were measured at
the plant flowering stage.

The fruit-related characteristics evaluated were:
weight with and without crown (FWC and FWWC,
respectively, g). weighted on a precision balance;
length (FL cm), measured from the base to the
apex of the fruit without crown, using a tape ruler;
mean diameter (FMD mm), measured in the middle
of the fruit, using a ruler; inflorescence axis diam-
eter (FAD mm), the fruit was cut transversely in
the middle and the maximum diameter was meas-
ured with a caliper; multiple crowns (presence or
absence), considering two or more crowns per fruit;
number of seedlings (NS), by counting the num-
ber of seedlings (suckers) per plant. The following
chemical variables were also evaluated: soluble sol-
ids content (SS °Brix), pure fruit pulp was extracted
and three drops were placed in a refractometer; the
values were expressed as %; titratable acidity (TA),
determined by titration with 0.1 N NaOH (AOAC
1995) and expressed as percentage of citric acids;
and SS to TA ratio (SS/TA), determined by dividing
SS by AT.

The prediction of genetic gains and estima-
tion of variance components were carried out
using the REML/BLUP procedure in the genetic
statistical software Selegen (Resende 2016). The
model of kindred clones was used in the matrix
Y=Xr+Za+Zd+ Wp+e, where Y is the data
vector, r is the vector of replication effects (fixed)
added to the overall mean, a is the vector of addi-
tive genetic effects (random), d is the vector of
dominance genetic effects (random), p is the vec-
tor of plot effects, and e is the vector of errors or
residuals (random); the uppercase letters represent
the incidence matrices for the effects.

The structures of means and variances are given
as follows:

y Xb y V  ZAc? ZDc? Wic? Ic?

a 0 a AGﬁZ’ AO"% 0 0 O
Eld|=| 0 | Varld |=|Ds3Z 0 Do2 0 0

c 0 c IofW’ 0 0 IGCZ 0

e 0 e Itfe2 0 0 0 ]682
where;
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V =ZAc?Z' + ZDo>Z' + Wic>W' + Io?

The mixed model equations are given as follows:

X'X X'7 X'7 X'w b X'y
Z’X ZZ+ A7 z'z zZw al_|Zzy
Z'X 7'z Z’Z+D"/12 zZ’w d| | Zy
WX Wz Wz  WW4+Ik | ¢ W'y
where;
63 1- hi -2
)’1 = ; = h2 5
a
o? e
),2 = —e = —a M
2 2 _ 12
o] hZ—h
Lo _1-kee
3T o2 - c?

where aﬁandhi are the genetic variance of dominance
and heritability in the strict sense, respectively. D is
the matrix of dominance genetic correlation among
the individuals under evaluation. The presented sys-
tem predicts the additive (a) and dominance (d)
effects separately. The genotypic heritability values
were classified according to Resende (2002).

The total genotypic values, given by g =a+d
can be predicted directly by the following mixed
model equations:

X'x X'Z X'w b Z'y
7ZX 772+ G'e2  Z'W g|=|2Zy
WX  WZ  WW+IA | ¢ W'y

where G = Ac? + Do

According to the model, the REML estimators
by the expectation—maximization (EM) algorithm
(Dempster et al. 1977) to obtain estimates of vari-
ance components are:

&z = [y’y —Xx'y-dzy-d'zy-¢ W’y]/[N —r(x)]
6; = e+ 60rCH)
&2=[dA" +a+62r(A7'CP)]/q

&;=[dD'a+a+62r(D'CP)]/q
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where; 6'§n & Residual variance. 83: Environmental
variance between plots. 6't2he: Additive genetic vari-
ance. 6'3: Dominance genetic variance.

The additive index of Smith (1936) and Hazel
(1943) was applied based on the predicted geno-
typic values. This index is based on y genotypic val-

ues and is given by:

I= iki)’i

where k weights are estimated, considering economic
information, heritabilities, and genetic and phe-
notypic correlations. This index uses standardized
genetic values, in which the relative economic impor-
tance or weights of the traits are provided (Viana and
Resende 2014). Three weights were randomly evalu-
ated. Regarding weight 1, the characteristics FWC,
FWWC, and SS received weights of 100, 100, and 50,
respectively, while the other characteristics received
a weight of 1; weight 2 was 1 for all characteristics;
and weight 3 consisted of using broad-sense herit-
ability values of each characteristic obtained from the
deviance analysis. The primary direction of the selec-
tion was established for the variables FWC, FWWC,
FL, FMD, SS, SS/TA, NS, PH, DLL, and NAL, and
the secondary for FAD and TA. Prediction of gains
by selection were estimated using the Smith and
Hazel selection index, based on a selection of 22%;
20 clones were selected, based on random weight 1,
which provided more balanced gains.

Selection through qualitative characteristics

The qualitative characteristics evaluated in 20
selected clones were: presence or absence of leaf
spines and multiple crowns. The clones were mor-
phologically characterized by classifying them
according to fruit color and shape. The fruits were
evaluated when they were at the harvest stage. i.e.,
at physiological maturation. After harvesting, the
external color of the fruit was classified as green,
yellowish green, yellow, golden yellow, orange, light
purple, or dark purple. The fruit shape was classified
as cylindrical, oval, conical, trapezoidal with a wider
base, or globose.

Clones showing presence of leaf spines and/or
multiple crowns were excluded; thus, 11 clones were

selected and subjected to analysis of genetic resist-
ance to fusariosis.

Phenotyping for resistance to fusariosis in the
selected clones

Resistance to fusariosis (Fusarium guttiforme) was
evaluated after selecting the 11 clones. Seedlings of
10-15 cm were used for inoculation with a solution
with the fungus. The seedlings were collected four
months after floral induction, inoculated, and planted in
beds in a greenhouse covered with 50% shade screen at
the experimental area of the Unemat. The isolates were
purified through monosporic culture and characterized
through morphological analysis, according to Niren-
berg and O’Donnell (1998), registered in SisGen under
the number A365808.

The spore suspension used consisted of 10° conidia
mL~! of three isolates grown for 10 days in Petri dishes
containing PDA medium and maintained at 25 °C with
12-h photoperiod. Twenty mL of sterile distilled water
were added to the plate of the isolate 1 and scraped
using a Drigalski spatula. The suspended material
was filtered through sterile gauze and adjusted to the
concentration of 10° conidia mL ™" after counting in a
Neubauer hemocytometer under an optical microscope
(Souto and Matos 1978). The same procedure was car-
ried out for the other two isolates. Then, the three iso-
lates were combined in a single container, forming a
single suspension.

The methodology proposed by Souto and Matos
(1978) was used for inoculation, consisting of making
three to four holes in the stem of the seedlings with a
perforating tool and submerging them for three min-
utes in the conidial suspension with mixture of isolates.
The cultivars Perola (susceptible) and BRS Imperial
(resistant) were used as controls. Soon after inocula-
tion, the seedlings were planted in beds containing ster-
ile substrate consisting of clay soil and washed sand
in a ratio of 3:1 that favors the severity of the disease.
The response of the plants to fusariosis was evaluated
between 90 and 120 days after inoculation, after death
of Perola and survival of BRS Imperial plants, which
were used as susceptible and resistant controls, respec-
tively (Matos et al. 2011).

The pathogen was identified at the end of the test
through incubation of the plant material; the structures
were identified in an optical microscope to confirm

@ Springer
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the infection in the genotypes by the pathogen. A ran-
domized block experimental design with three replica-
tions and five plants per plot was used, consisting of 13
genotypes (11 selected clones and two controls).

Results and Discussions
Estimate of genetic parameters in pineapple clones

Significant differences were found for all char-
acteristics, except fruit inflorescence axis diam-
eter, according to the chi-square test at 1% and 5%
(Table 2). This difference denotes the existence of
genetic variability among the clones and enables
genetic gains through selection and, consequently,
obtaining of pineapple clones with desirable fruit
characteristics for fresh consumption and for
industry.

Dominance variance was higher than additive
variance for all evaluated characteristics. Additive
variance occurs for any type of allelic interaction,
whereas dominance variance only occurs when some
degree of dominance is found. Dominance variance
is not a problem for pineapple breeding programs
focused on clone selection, as cloning enables to
obtain all effects of an allele, such as dominance,
additive, epistatic, and other effects (Cruz et al.
2012). Thus, a superior clone can transmit its entire
genotype through vegetative propagation (Bernardo
2014). Estimates of coefficient of heritability denote
good genetic control in the expression of characters
and indicate great potential for selection. The h’g
values found for the characteristics evaluated in the
present study varied from 0.03+0.01 to 0.62+0.06,
denoting a large amplitude (Table 2). Fruit weight
with and without crown and D-leaf length presented
high heritability (above 50%) (Table 2).

Fruit inflorescence axis diameter, soluble solids
to titratable acidity ratio (SS/TA), and number of
seedlings presented medium heritability (23%—49%).
These results are favorable for selection of clones,
which provide high gains for the following selection.
The broad-sense heritability is an important param-
eter for vegetative propagation of crops such as pine-
apple and sugarcane, in which genetic variability is
released only once and the genotype of a plant is fixed
after crossing, with no chance of segregation in fur-
ther stages (Zhou and Joshi 2012).
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The other variables presented low heritabil-
ity (below 20%) due to high residual variance
(Table 3), which shows the great contribution of the
environmental factor to the total variation among
clones. otal soluble solids (SS), otal titratable acid-
ity (TA), and other characteristics related to pineap-
ple development are strongly affected by the envi-
ronment, which may result in phenotypic changes.

Values close to zero for these parameters denote
that the genetic variation did not contribute to the
determination of phenotypic variance; thus, these
variables should not be considered useful for the
selection of pineapple clones. Therefore, based on
the results of dominance variance and genotypic her-
itability, the heterosis of clones was explored in the
subsequent selection, using the Smith & Hazel selec-
tion index.

Simultaneous selection based on quantitative
characteristics

The index of Hazel (1943) with random weight 1
resulted in higher genetic gains (in percentage) for
several characteristics of interest (Table 3). The
genetic gain is equivalent to the mean of predicted
genetic effects vectors for the selected clones. Add-
ing the overall mean to the genetic gain results to
the improved population mean (Garcia and Nogueira
2005).

The selection provided gains above 20% for fruit
weight (with and without crown), which is an impor-
tant characteristic for pineapple crops, as the fruit is
marketed mainly for fresh consumption and per unit.
The mean fruit weight with crowns from the selected
clones improved to 1647.45 g, classifying them in
an extra category (> 1500 g) according to the Euro-
pean Union fruit classification criteria for exports
(Radha and Mathew 2007). According to the Brazil-
ian classification, these clones are classified as class 2
(1500-1800 g) (CEAGESP 2003).

The characteristic fruit inflorescence axis diameter
had a genetic gain of approximately 6%, denoting a
small increase in the improved mean. Commercially,
fruits with a small inflorescence axis diameter are
desirable as they directly impact pulp yield. However,
this genetic gain was not expressive, as the improved
mean of the clones was similar to that of the tradi-
tional cultivar Perola (2.4 cm) (Aratjo et al. 2012).
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Table 3 Selection gain for the characteristics: fruit weight
with crown (FWC g), fruit weight without crown (FWWC g),
fruit length (FL cm), fruit mean diameter (FMD cm), fruit
inflorescence axis diameter (FAD cm), soluble solids (SS),

titratable acidity by citric acids (TA), SS to TA ratio (SS/TA),
number of seedlings (NS), plant height (PH cm), D-leaf length
(DLL cm) and number of active leaves (NAL) of 91 pineapple
clones. Tangara da Serra, Mato Grosso, Brazil, 2020

Parameters FWC FWWC FL FMD FAD SS AT  Ratio NS AP DLL NAL
Mean of selected clones  1848.65 1676.41 20.41 12.50 2.28 1433 090 17.38 572 9895 9047 35.70
Overall mean 1369.61 121539 16.66 11.22 2.05 1479 0.88  19.08 6.09 95.65 87.83 31.80
Selection differential 479.04  461.03  3.75 1.27 023 =046 002 -170 =037 330 264 390
Heritability 0.58 062 0.12 0.04 049 0.19 0.03 0.27 0.23 0.15 053  0.14
Selection gain 277.84 28584 045 0.05 -0.09 000 -046 -0.09 049 140 055
Selection gain (%) 20.29 2352 270 045 560 -0.60 007 -241 -140 052 159 172
Improved mean 1647.45 150122 17.11 11.27 2.17 1470 0.88 18.62 6.00 96.14 89.23 3235

The other characteristics (fruit length, fruit mean
diameter, SS, TA, SS/TA, number of seedlings, plant
height, D-leaf length, and number of active leaves)
presented selection gains lower than 3%, with a low
change in the improved mean.

The clones selected were Unemat 9, 10, 19, 21, 31,
41, 42,71, 73, 74, 76, 82, 87, 88, 93, 103, 117, 122,
123, and 128.

Selection through qualitative characteristics

Nine clones (9, 41, 73.74, 76, 82, 87, 88, and 93)
were discarded from the 20 selected genotypes due
to presence of multiple crowns and/or leaf spines
(Table 4).

Leaf spines and multiple crowns make the clone
unsuitable for commercial release, as they are unde-
sirable traits for growers and unappealing to con-
sumers. Thus, nine clones were discarded because
they presented some of these disadvantageous

Table 4 Qualitative

< Clone Fruit shape Pulp color Multiple crowns Leaf spines

characteristics of 20 clones

selected by the Smith & Unemat 9 Trapezoidal Off white Absence Presence

I;:rzr‘: ;\r;[d;:z'é aorlizr,chizil, Unemat 10 Conical Pale yellow Absence Absence

2020 Unemat 19 Cylindrical Off white Absence Absence
Unemat 21 Conical Off white Absence Absence
Unemat 31 Conical Off white Absence Absence
Unemat 41 Cylindrical Yellow Absence Presence
Unemat 42 Cylindrical Off white Absence Absence
Unemat 71 Cylindrical Off white Absence Absence
Unemat 73 Oval Off white Absence Presence
Unemat 74 Globose Off white Presence Presence
Unemat 76 Trapezoidal Off white Absence Presence
Unemat 82 Cylindrical Off white Presence Presence
Unemat 87 Cylindrical Pale yellow Presence Presence
Unemat 88 Trapezoidal Pale yellow Absence Presence
Unemat 93 Conical Pale yellow Absence Presence
Unemat 103 Cylindrical Yellow Absence Absence
Unemat 117 Cylindrical Yellow Absence Absence
Unemat 122 Conical Pale yellow Absence Absence
Unemat 123 Conical Pale yellow Absence Absence
Unemat 128 Cylindrical Pale yellow Absence Absence
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characteristics (Table 4). The presence of these char-
acteristics in a cultivar makes cultural practices more
expensive, which may make the fruit marketing
unfeasible.

The presence of multiple crowns on the fruit can
increase the fruit inflorescence axis and, conse-
quently, flatten the upper part of the fruit, decreas-
ing the market value of fruits for fresh consumption
and canning. Multiple crowns due to fasciation can
be hereditary, but they are also strongly affected
by the environment and cultural operations. Soils
with high fertility at the beginning of inflores-
cence result in fast plant growth and, after a pro-
longed dry period, can cause the development of
multiple crowns (Collins 1960; Dalldorf 1975; Py
et al. 1987; Sanewski et al. 2018). The fasciation of
fruits and crowns is also connected to a high vigor
of plants, which have a slow flowering; this is often
reported for the pineapple cultivar Smooth Cayenne
(White 1948; Collins 1960; Sanewski et al. 2018).
Moreover, calcium deficiency, excessive nitrogen
fertilizer application, and high temperatures during
flower development may be associated to develop-
ment of multiple crowns (Swete Kelly and Bartho-
lomew 1993).

In addition to multiple crowns, the presence of
spines on leaves makes cultural practices difficult
for growers, thus, the absence of leaf spines is ben-
eficial for crop management. The domestication of
pineapple stimulated vegetative reproduction, rein-
forced self-incompatibility, and favored the devel-
opment of varieties without or with few spines on
leaves (Coppens D’Eeckenbrugge et al. 2011); thus,
these varieties have been used in breeding pro-
grams, as the absence of leaf is desired by breeders
and growers.

The 11 selected clones presented conical, trapezoi-
dal, cylindrical, oval, or globose fruits. The pulp color
varied from off-white to yellow (Table 4). The cylin-
drical shape of the fruit and the yellowish color of the
pulp are among the most desirable characteristics for
the domestic and foreign markets. Most markets pre-
fer cylindrical pineapple fruits, with yellow pulp and
peel, small crown, and pleasant flavor (Cabral and
Junghans 2003).

In China, breeders are focused on developing cul-
tivars with cylindrical fruits and sweeter flavor than
existing varieties for the fresh fruit market, and cul-
tivars with fruits suitable for canning, with larger,

cylindrical fruits, sweet flavor, and higher juice con-
tents, for the industry market. In Brazil, breeders
are focused on pineapple genotypes with cylindrical
fruits, yellow and low-fibrous peels, high soluble sol-
ids content, moderate acidity, yellow pulps, and other
characteristics for the fresh fruit market (Cabral et al.
1999; Cunha 2007).

Resistance to fusariosis in the selected clones

Seven out of the 11 selected clones were resistant
to fusariosis (Table 5). The disease induced by the
fungus Fusarium guttiforme is the most important
and destructive for the pineapple crops, causing
fruit losses of 30%—40%, seedling losses of up to
20%, and production losses of up to 100% (Ventura
and Zambolim 2002; Matos et al. 2011).

Obtaining and growing resistant cultivars is one
of the most cost-effective and efficient strategies
against fusariosis. Growing resistant cultivars can
result pineapple yield increases of 20%-30% in Bra-
zil by avoiding losses caused by this disease. More-
over, production costs may decrease, as applications
of fungicides for controlling the disease during the
crop flowering will not be necessary, thus contribut-
ing to obtaining fruits free of fungicide residues and
environmental preservation (Cabral and Coppens
D’Eeckenbrugge 2002).

Table 5 Resistance to fusariosis in 11 pineapple clones and in
pineapple cultivars used as susceptible and resistant controls.
Tangara da Serra, Mato Grosso, Brazil, 2020

Clone Resistance
to Fusario-
sis

Unemat 10 Resistant

Unemat 19 Susceptible

Unemat 21 Resistant

Unemat 31 Resistant

Unemat 42 Resistant

Unemat 71 Resistant

Unemat 103 Resistant

Unemat 117 Susceptible

Unemat 122 Susceptible

Unemat 123 Resistant

Unemat 128 Susceptible

Perola Susceptible

BRS imperial Resistant
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Absence of leaf spines and multiple crowns and
resistance to fusariosis make a pineapple clone
interesting and viable for breeders and growers;
breeding programs can develop a more complete
cultivar with better attributes than Perola, the tra-
ditional cultivar grown in Brazil for fresh consump-
tion and industry processing.

Conclusions

Dominance variance was higher than additive vari-
ance for all evaluated pineapple characteristics,
enabling the obtaining of heterosis, as the selected
clones can transmit their entire genotype to subse-
quent generations through vegetative propagation.

Seven superior clones (Unemat 10, 21, 31, 42,
71, 103, and 123) were selected due to their higher
fruit weights, soluble solids contents, and resistance
to fusariosis, making them suitable for cultivation
and use value testing.
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