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ABSTRACT: Stone fruit cultivation is an alternative income for rural producers in Brazil, mainly for the southern region. In the specific
case of plums, the lack of varieties adapted to the climatic conditions of this region is an obstacle that the research needs to resolve. In this
context, the work aimed to evaluate the behaviour of the Japanese plum genotype FLA3-3 from the breeding program of the University of
Florida (USA) in Ponta Grossa, Parana, Brazil, during the years 2013, 2014 and 2015. The experimental design used was entirely random.
Twenty plants of the genotype under study were used, each one being a repetition. The characteristics evaluated in the field were the
flowering and fruiting cycles according to the plant phenology. Physical analyzes of the fruits were carried out in the laboratory: average
mass (pulp and seeds) and diameter and chemical analyze: total soluble solids, total titratable acidity and ratio. The results confirm that
the genotype is precocious and the fruit harvest begins in October / November. It is adapted to the climatic condition of the municipality of
Ponta Grossa, Parana, Brazil, in addition to presenting fruits within the commercial standards sought by producers and consumers. It is a
viable alternative for rural producers in the region.
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Caracterizacdo de uma introducio de ameixa da Florida (EUA) no sul do Brasil

RESUMO: O cultivo da fruta com carogo é uma alternativa de renda para os produtores rurais do Brasil, principalmente da regido Sul.
No caso especifico das ameixas, a falta de variedades adaptadas as condi¢ées climaticas da regido é um entrave que a pesquisa precisa
superar. Nesse contexto, o trabalho teve como objetivo avaliar o comportamento do gendtipo de ameixa japonesa FLA3-3 do programa de
melhoramento da Universidade da Florida (EUA) em Ponta Grossa, Parand, Brasil, durante os anos de 2013, 2014 e 2015. O delineamento
experimental usado foi inteiramente ao acaso. Foram utilizadas vinte plantas do gendtipo em estudo, cada uma sendo uma repeti¢do. As
caracteristicas avaliadas em campo foram os ciclos de flora¢do e frutificacdo de acordo com a fenologia da planta. As andlises fisicas
dos frutos foram realizadas em laboratério: massa média (polpa e sementes) e diametro e andlise quimica: solidos soluveis totais, acidez
total titulavel e propor¢do. Os resultados confirmam que o genotipo é precoce e a colheita dos frutos inicia-se em outubro / novembro. Estd
adaptado as condigées climdticas do municipio de Ponta Grossa, Parand, Brasil, além de apresentar frutas dentro dos padroes comerciais
buscados por produtores e consumidores, sendo uma alternativa viavel para os produtores rurais da regido.

Palavras-chave: Prunus salicina Lindl., gendtipo, adaptagdo.

INTRODUCTION

The need for winter cold differentiates
between the two centres of origin of plums grown
worldwide, those of European origin (Prunus
domestica L.) and those that have their center of
origin in China known as Japanese plums (Prunus
Salicina Lindl), the former need cold winter
(temperature < 7.2 °C) above 720 hours and the
second is adapted to conditions below this value
(HAWERROTH et al., 2010).
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They are also differentiated by the colour,
size and shape of the fruits, the Japanese plum varies
its color between shades of yellow, red, purple, blue
and black, having large fruits of rounded oblate shape.
At the same time, the European one presents a paler
colouration of its fruits, ranging from yellow-green
to blue-violet, with medium size and elliptical shape
(TAITI et al., 2019).

In Brazil, the main varieties of plum
cultivated are those of Japanese origin, mainly due
to their lower need for winter cold (HAUAGGE &
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BRUCKNER 2002). Even using Japanese plums,
there are few cultivated varieties of this group,
because the country has only in the south region, and
some areas of the southeast region have a climate
compatible with the needs of the crop (GUERRA
et al., 2020). Another factor that can interfere with
fruit production is the climate changes that have
been occurring, requiring studies on the agronomic
performance of new cultivars (MAYER et al., 2019).

Few plum cultivars are available to
rural producers in Brazil (MARTINAZZO et al.,
2013; BAUCHROWITZ et al., 2019; GABARDO
et al., 2020). Suppose there is a need for breeding
programs to launch new options (DALBO et al.,
2018; GABARDO et al., 2021). The characterization
of new plum introductions represents a gain both for
breeding programs and directly for small and large
rural producers.

Fruit growing in Brazil has been showing
a significant increase in its growth levels, either in
the planted area or in the quantity of fruits produced.
However, the national production of plum is not
enough to supply the demand of the domestic market,
serving approximately 30% of the annual volume
consumed in the country (Secretaria de Comércio
Exterior - SECEX 2016). Being necessary to import
the product from neighboring countries like Argentina
and Chile (FAO, 2019). What characterizes a deficient
market, indicating good potential for expansion to
culture in Brazil (EIDAM et al., 2012).

Combining the need for work on the
adaptation of new varieties to climatic conditions
and the potential for expansion of the crop, there
is a need for studies on new introductions of plum
in Brazil, and their viability for rural producers.
In this context, this work aimed to evaluate the
Japanese plum genotype FLA3-3 of the breeding
program of the University of Florida (USA)
introduced in the plum breeding program of the
Agronomic Institute of Parana (IAPAR) in the
climatic conditions of Ponta Grossa, Parana,
Brazil, during 2013, 2014 and 2015.

MATERIALS AND METHODS

The experiment was carried out at the
Regional Research Pole of the IAPAR, located on the
banks of BR-376, in the city of Ponta Grossa, Parana,
Brazil, geographically located at 25°13’S latitude
and 50°09°W, with an approximate altitude of 850m.
The climate of the region according to the Koppen
classification is of the Cfb type, humid subtropical, with
an average annual temperature of 18 °C and average

annual precipitation of approximately 1.550 mm
(IAPAR, 2019a). Meteorological data were collected
at the on-site meteorological station (Figure 1).

The experiment was carried out from May
to December 2013, 2014 and 2015. The genotype
analyzed is the introduction FLA3-3, produced
in the United States, by the University of Florida
(SHERMANN & BECKMAN 2002). Twenty plants
of the genotype under study were used, each one being
a repetition, evaluations were carried out within eight
months, visiting the plants twice a week to obtain
data on the beginning of flowering and fruiting.
Phenological assessment scarried out in: beginning
of flowering, falling petals, beginning of fruiting and
harvest season.

When the fruits reached physiological
maturity, for physicochemical evaluations, 200
fruits were collected each year, collected random.
The following were evaluated: a) diameter (DM),
performed manually with the aid of a caliper and
classification of the fruit caliber (Table 1); b) total
mass (MF), core mass (MC) and pulp mass (MP),
using an analytical balance.

The following chemical analyzes were
also performed: a) Total titratable acidity (TTA),
stipulated in 2 ml of fruit pulp juice in 10 ml of water,
titrated with a 0.1N NAOH solution, until reaching a
pH of 8.1, expressing the results as a percentage of
malic acid; b) total soluble solids (SST) determined
with a manual refractometer (RT-90 ATC), correcting
its temperature to 20 °C and expressing the result in
° Brix; c) ratio (RAT) determined by the relationship
between SST / ATT. The data were submitted to
the F test by the SISVAR 5.6 program, and when
significant, the Tukey mean comparison test at 5%
significance was performed.

RESULTS AND DISCUSSION

The full flowering of the FLA 3-3 genotype
occurred between the months of July and August, in
the three years (Table 2). In 2015 the flowering cycle
was anticipated, and consequently full bloom. In
2015, there was an unusual, winter, accumulating 48
hours of cold, while in the years 2013 and 2014, the
accumulated hours of cold were 220 and 104 hours,
respectively (IAPAR, 2019b).

The negative result of the exposure of
plum plants to high temperatures is dependent on the
intensity and time of exposure, as plants exposed for
two hours at temperatures around 24 °C, can already
suffer harmful consequences to their development
due to the nullification of the cold (MELKE, 2015).
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(2019a).

Figure 1 - Precipitation and temperature climatic conditions, collected in the experimental
area in Ponta Grossa - PR, in the years 2013, 2014 and 2015. Source: IAPAR

According to BAUCHROWITZ et al.
(2019) a plum genotype may present variability in
the stages of the beginning of flowering, drop of
petals, beginning of fruiting and harvest, related to
heterogeneous climatic conditions in each harvest,
as they have a direct effect on the phenological
cycle of this fruit tree, due to your need in winter
cold, justifying the data obtained in the present
experiment (Table 2).

The date of full flowering is of great
importance in determining the point or time when
the fruits can be harvested. However, this method is
not highly accurate, interfering mainly when working
with plum varieties and different locations (SILVA et
al., 2008). The definition of cycles, whether flowering
or harvesting, is of great importance mainly because

they are closely related to the adaptation of varieties
to different regions.

The harvest took place between 11, 25
and 27 October 2013, 2014 and 2015, respectively
(Table 2). Results similar to those obtained by
OLIVEIRA (2011) in Delfim Moreira-Minas Gerais,
who evaluated the Gulfblaze plum, with the harvest
started on October 20th. Unlike the result obtained
by OLIVEIRA et al. (2019), where the cultivar
Gulfblaze had its harvest in Maria da Fé — Minas
Gerais on December 20, showing the difference in the
adaptation of the crop in different climatic conditions.

The flowering duration of the FLA 3-3
genotype averaged 26 days (Table 3). In work carried
out by MALGARIN et al. (2005) using the Reubennel
plum in the Petrolina-Pernambuco region, it was
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Table 1 - Commercial classification of Japanese plum fruits, in different calibers according to the diameter of the fruit. Source:

PAVANELLO & AYUB (2012).

Caliber

Caliber T
Caliber 1T
Caliber 11T
Caliber IV

obtained a number of days necessary for the 18-
day complete flowering cycle. There is a difference
between genotypes.

Regarding the fruiting cycle characteristic,
the introduction of FLA 3-3 presented an average cycle
of approximately 94 days (Table 3). Similar results to
cultivars América, Methley and Irati, with cycles of
94.2,92.4 and 99.2 days, respectively, when grown in
Pelotas-Rio Grande do Sul (DANNER et al., 2010).
OLIVEIRA et al. (2011) obtained a similar result with
the cultivar Reubennel, which took 99 days to complete
its fruiting cycle in Maria da Fé-Minas Gerais.

Regarding the average fruit mass of the
FLA 3-3 introduction (Table 4), the values ranged
from 69.67 to 55.99 g, higher than those obtained
by OLIVEIRA et al. (2019) who found fruits with
60.0 and 41.1g of average mass, for Gulfblaze and
Reubennel cultivars, respectively, when grafted on
Okinawa peach rootstock.

BAUCHROWITZ et al. (2019) obtained
from fruits of the introduction FLA 8-3 the mass
of the stones between 5.60 to 6.50 g. In the present
experiment, similar values were obtained (5.05 to
5.67g). Core mass is of secondary importance because
it is related mainly to the production of new plants
than to the actual commercialization of the fruit itself
(BANDEIRA et al., 2011).

Fruit diameter (Centimeters)
25-3.0
3.0-35
35-4.0
4.0-45

In this work, we use the mass of the stone
to help obtain the amount of mass of the pulp, because
through the total mass of the fruits excluding the mass
of the stones, the mass of the pulp of the fruits can
be obtained. The pulp mass of the fruits has great
commercial importance, as it is a characteristic related
to the amount of usable material produced in the
fruits and which will be consumed (KITZBERGER
etal., 2017).

In the three harvests (2013, 2014 and
2015), the values obtained for the diameter of the
fruits of the introduction FLA 3-3 were 5.1, 4.8
and 4.4 cm, respectively (Table 4), receiving the
classification of caliber IV, a fruit of good acceptance
and which is in great demand by consumers
(PAVANELLO & AYUB 2012).

On a commercial scale, the average size
of the fruits has a direct influence on the viability of
an orchard, impacting productivity and profitability,
as it can increase production per plant and the price
negotiated for the largest size fruits on the market
(HF BRASIL 2016).

AYUB et al. (2019) determined that the
Japanese plum of the accessions G52, G7 and G53
did not exceed the value of 4.8 cm. Fruits of the
cultivar Poli Rosa have an average diameter of 4.58
cm (MANSOURI et al.,, 2010). In the cultivars,

Table 2 — Phenological data (full bloom and fruit harvest date) for the Japanese plum genotype FLA 3-3 during the years 2013, 2014 and

2015 in Ponta Grossa-Parana, Brazil.

Year Full Bloom
2013 07/25/2013
2014 08/12/2014
2015 07/17/2015

Harvest Date

10/25/2013
10/11/2014
10/27/2015
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Table 3 - Data on the number of days in the flowering and fruiting cycles of the Japanese plum genotype FLA 3-3 during the years 2013,

2014 and 2015 in Ponta Grossa-Parana, Brazil.

Year Flowering Cycle (Days) Fruiting Cycle (Days)
2013 23 91

2014 28 90

2015 26 101
Average =26 =94

Stanley and Tuleu Gras the diameter of the fruits
can vary between 3.6 to 5.4 and 3.0 to 4.8 cm,
respectively (VLAIC et al., 2014). Demonstrating
that the introduction of FLA 3-3 presents fruits with a
diameter similar to cultivars recognized in the market.

Regarding the chemical attributes of the
fruits of the FLA 3-3 introduction, similar results
were obtained in the years 2013 and 2014 (Table 5).
Regarding total soluble solids (SST), higher values
were obtained in the years 2013 and 2014, years
that presented favorable climatic conditions, when
compared to 2015, the year in which there was a
significant reduction in SST (Table 5).

The change in SST in the period of the
experiment may have occurred due to some factors,
mainly climatic since MALGARIM et al. (2005) cite
that SST production is favored by the incidence of
sunlight under the fruits. In the present study for the
year 2015, there was an atypical spring season, with
a very high amount of rainfall (Figure 1), which may
have affected the amount of lighting available for the
production of sugar in the fruits.

Assessing the physicochemical
characteristics of ripe fruits of different Japanese plum
cultivars grown in Italy, TAITI et al. (2019) indicated

that the cultivars Dofi Gindy, Laroda, Black Diamond,
Fortune, Golden Plum, Settembrine and Angeleno
could reach SST amounts of 13.4, 8.70, 11.75, 14.55,
13.87, 15.90 and 15.23 ° Brix, respectively. While
fruits of the Black Splendor cultivar have between
12.9 to 13.1 ° Brix, depending on the point of the
harvest of the fruits (MINAS et al., 2013). They were
denoting the overcoming, similarity inferiority of
the fruits of the introduction FLA 3-3 in relation to
its SST in relation to the cultivars analyzed by the
authors mentioned above.

In the fruits of this Introduction, when
we analyze the amount of acidity in the fruits, it is
possible to observe that in 2014 there were higher
values of total titratable acidity (ATT) when purchased
with the data obtained in 2013 and 2015 (Table 4).
This variation in the amount of ATT in the fruits of
the same genotype can be influenced primarily by
the point of harvest or by some change in the cycle
during the year (SALAZAR et al., 2017).

Already, plum fruits of the cultivar Sanhua
have values referring to the acidity of the fruits varying
between 1.14 to 2.34 %, depending on the color of the
pulp of them during their phenological cycle (LI et
al., 2019). In Black Diamond and Angeleno cultivars,

Table 4 - Average data from physical fruit evaluations: fruit mass (MF), seed mass (MC), pulp mass (MP) and fruit diameter (DM) the
Japanese plum genotype FLA 3-3 during the years 2013, 2014 and 2015 in Ponta Grossa-Parana, Brazil.

Year MF (grams)
2013 69.67 ¢
2014 66.78 b
2015 5599 a

MC (grams) MP (grams) DM (cm)
5.46b 6421 ¢ 5.10¢
5.05a 61.73 b 4.80b
5.67c¢ 4932 a 440a

"Means followed by the same letters in the column do not differ significantly by the Tukey test (P <0.05).
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Table 5 - Average data of chemical evaluations of fruits: total soluble solids (SST), total titratable acidity (ATT), ratio (RAT), the
Japanese plum genotype FLA 3-3 during the years 2013, 2014 and 2015 in Ponta Grossa-Parana, Brazil.

Year SST (°Brix)
2013 13.00 b"
2014 13.00b
2015 89a

ATT (%) RAT
1.10 ¢ 1181b
1.56b 8.33a
0.43a 20.69 ¢

"Means followed by the same letters in the column do not differ significantly by the Tukey test (P <0.05).

ATT can vary between 3.40 to 3.54 % and 5.10 to 5.20
(IMRAK et al., 2019). Variations in fruit acidity are
observed in different peach genotypes when analyzed
for selection of future cultivars between 0.52 to 0.84 %,
this variation occurs due to genetic differences between
the genotypes (WAGNER JUNIOR et al., 2011).

The amount of ratio (RAT) present in the
fruits of the introduction FLA 3-3 (Table 5) varied
between the analyzes carried out in the different
years of study, mainly due to changes that occurred
in the characteristics of SST and ATT, which directly
influence the amount of Fruit RAT.

The amount of RAT in the plum fruits of
the introduction FLA 3-3 for the year 2014, were
lower than those obtained by TAITI et al. (2019) in
all cultivars already mentioned above, with values
ranging from 10 to 32.45 for cultivars Laroda and
Settembrine, respectively.

In the year 2015, the amount of RAT in the
fruits, presented high values of 20.69 (Table 5), this
fact occurred mainly due to the low amount of acidity
that was present in the fruits. The cultivar Songold has
variation in the amount of ratio of fruits depending on
the point of maturity of the fruits, varying between
9.25 to 13.8 when the fruits are harvested at the time
of fruit maturation (VELARDO-MICHARET et al.,
2017). The cultivar Sanhua has values of 7.98 130
days after full bloom (LI et al., 2019), while the
introduction of FLA 3-3 showed higher values in the
three years evaluated.

CONCLUSION

The introduction of FLA 3-3 during 2013,
2014 and 2015 has the potential to adapt to climatic
conditions in the municipality of Ponta Grossa,
Parand, Brazil, producing fruit with commercial
quality. It can be recommended for planting in the

orchards of producers in the region. It is contributing
directly to the Brazilian fruit culture with the insertion
of new cultivars in Brazil.
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