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Abstract - A peach breeding program started in 1963, at the Experiment Station of
Pelotas, nowadays Embrapa Clima Temperado, whose primary aim was developing
cultivars adapted to mild winter conditions. Its first priority was to obtain cultivars
of canning type fruits, and over the years, the fresh market cultivars acquired equal
importance. This article analyzes the data of 84 fresh market cultivars, obtained in
Pelotas, from 1964 to 2017, focusing on the following parameters: time of ripening,
fruit development period, average fruit mass, number of fruits per tree, productivi-
ty per plant and total soluble solids. First, the data were tabulated, divided into two
periods (1964-1984 and 1985-2017), and the descriptive statistical analysis was per-
formed, followed by an analysis via mixed models and estimates of genetic progress
via meta-analysis. The main results revealed a reduced fruit development period of
the fresh market peaches belonging to that program. It was also observed a signifi-
cant spread of the time of ripening (end of September or beginning of October until
January), with a slight tendency for earliness. Genetic gain was observed for yield cor-
responding to 1.17 and 2.25% per year, for 1964-1984 and 1985-2017, respectively.

Index terms: Prunus persica; genetic gain; peach cultivars; fruit development period.

Progresso genético em 53 anos do Programa
de Melhoramento de pessegueiro da Embrapa:

cultivares para consumo fresco

Resumo: em 1963, comegou na Estagao Experimental de Pelotas, hoje Embrapa
Clima Temperado, um programa de melhoramento de pessegueiro cujo objetivo
fundamental era desenvolver cultivares adaptadas a condi¢des de inverno ameno.
Inicialmente, a prioridade era a obtencdo de cultivares produtoras de frutos para
enlatamento, mas, ao longo dos anos, cultivares para o mercado fresco adquiriram
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a mesma importancia. Este artigo analisa dados de 84 cultivares, tipo mesa, desenvolvidos
em Pelotas, de 1964 a 2017, focando nos seguintes parametros: época de maturacao, pe-
riodo de desenvolvimento do fruto, massa média dos frutos, nimero de frutos por planta,
producado por planta e contelddo de sélidos soluveis das frutas. Inicialmente, os dados foram
tabulados, divididos em dois periodos (1964-1984 e 1985-2017), sendo entdo realizada a
analise estatistica descritiva, seguida por uma andlise de modelos mistos e estimativa do
progresso genético via meta-analise. Os resultados mostraram uma redugao no periodo de
desenvolvimento dos frutos das cultivares tipo mesa, pertencentes a esse programa. Houve
ainda uma ampliacdo do periodo de colheita (do fim de setembro ou inicio de outubro até
janeiro), com uma leve tendéncia a maior precocidade. Verificou-se um ganho genético para
produgdo por planta, correspondendo a 1.17 e 2.25% ao ano, para os periodos de 1964-
1984 e 1985-2017, respectivamente.

Termos para indexagao: Prunus persica; ganho genético; cultivares de pessegueiro; periodo

de desenvolvimento do fruto.

Introduction

Peach, Prunus persica L. Batsch, is a tem-
perate climate species with a dormancy pe-
riod in which temperature plays a double
role (MILECH et al.,, 2022). Low tempera-
tures are important (together with short
days) to induce dormancy as well as release
the plant from it. The accumulation of cold
temperatures necessary for breaking the
dormancy of buds and allowing the plants
to have a uniform and adequate leafing and
flowering is known as chilling requirement,
which depends on the cultivar. As the peach
cultivation expanded to subtropical areas
and even tropical areas of altitude, as ob-
served in Brazil, it was necessary to develop
cultivars with lower chilling requirements.
Presently, this need has gained promi-
nence, due to global warming. This aspect,
together with differences in soils, humidity
and local consumer’s preference, direct the
establishment of several breeding programs
all over the world. Some of these programs
have been developed in Brazil, including
Embrapa’s.

The peach breeding program in Pelotas
started in 1963, at the Experimental Station
of Pelotas, nowadays Embrapa Clima
Temperado, relying on some foundation
clones, such as cultivars Delicioso, Lake City,
Amsdem, Abdébora, Cristal plus new intro-
ductions. However, even before that year,

genotypes from the Experimental Station
of Taquari, RS, were also introduced. Part
of these genotypes were selections ob-
tained from seeds introduced from the
United States of America, including culti-
vars Taquari Precoce, Fonte Grande, Rubi,
Carapuga, Interludio, Quinze de Outubro,
Prenda, Preludio and Cardeal, whereas oth-
ers were originated from hybridizations
carried out in the Experimental Station of
Taquari, such as ‘Vespertino’, ‘Serodio,
‘Charrua’, ‘Carmin’, ‘Purpureo’, ‘Prenda’
‘Jéia’, ‘Robusto’, ‘Rubro’, ‘Pampa’, ‘Minuano’,
‘Brazao’, ‘Mimo’, ‘Belvedere’, ‘Vinho’ and
‘Finesse’ followed by cultivars. Colorado,
Cascata, Xavante, Montenegro, Sinuelo,
Marli and Premier. The first cultivars, which
resulted from crosses made in Pelotas, were
‘Alvorada’ (1969); ‘Mimoso’ (1968), ‘Vila
Nova’ (1969), ‘Fandango’ (1971) and ‘Vila
Velha’ (1969) (Estacdo Experimental de
Pelotas). The two Stations worked so close-
ly that it is kind of difficult to separate the
achievements of one from the other, main-
ly in the first 15 years, since some selections
introduced from Taquari were evaluated and
released in Pelotas (RASEIRA et al., 2021).
However, in the 1980’s, a peach program
was interrupted in Taquari. Nevertheless,
other fresh market cultivars continue to be
released by the Embrapa’s programs, such
as Chiripa (in 1975); BR1 and BR3 (in 1979);
Della Nona (1982); Planalto, Guaiaca (1983);



Pilcha (1985); Sentinela (1985); Chinoca
(1987); Pampeano (1993); Chula and Chirua
(1999); Barbosa, Chimarrita and Charme
(2000), BRS Rubimel (2007). BRS Kampai
(2009), BRS Fascinio and BRS Regalo (2011),
BRS RubraMoore (2017) and BRS Serenata
(2020), besides BRS Mandinho (2012), which
is a pentao peach (flat), (TOPP et al, 2008;
RASEIRA et al, 2014, 2015, 2017 e 2020).

In the past, several varieties of fresh mar-
ket peaches presented vyellow flesh.
Nevertheless, after the year 2000, among
all new releases, only BRS Rubimel and BRS
Mandinho produce yellow flesh fruits. This
is understandable, since peach production
in Brazil is almost exclusively sold in do-
mestic market, and white peaches seem
to be preferred by most Brazilian consum-
ers. However, Brazilian white flesh peaches
tended to be soft and easy to bruise during
harvest, transport and pos- harvest manage-
ment. Thus, special attention has been giv-
en to improve flesh firmness as well as fruit
shape and color, and good advances were

made, which allowed commercialization in
distant markets and even abroad. However,
these characteristics were not considered in
the present study.

This article analyzes the data of fresh market
cultivars, obtained in Pelotas, from 1964 to
2017, during harvest and pre-harvest. Thus,
special attention has been given to the fol-
lowing parameters: time of ripening, fruit
development period, average fruit mass,
number of fruits per tree, productivity per
plant and total soluble solids (for the lat-
ter, records were made available from 1985
onwards).

Material and Methods

Plant material data of fresh market culti-
vars from 53 years were analyzed in this
study. Only named cultivars, restricted to
those released by the breeding program and
foundation clones of Embrapa Temperate
Agriculture (ETA) in Pelotas, RS, Brazil, were
used, which totaled 84 cultivars (Table 1).

Table 1 - List of the 84 genotypes analyzed in 53 years and their pedigree, Embrapa Temperate

Agriculture, Pelotas/RS-Brazil, 2022.

Genotype re;ﬁgfe FP PP FPFP FPPP PPFP PPPP
Sunhigh x .
Alfa 1971 R”e”d cI?est OP Sunhigh Redcrest
Alvorada 1969 Cardeal OP 338-90FV OP
Hawai x .
Baronesa 1965 Southland OP OP Hawai Southland OP
Belverdere 1966 o op OP Delicioso Interludio
Sunhigh x .
Beta 1971 F;g‘d clgr]est OP Sunhigh Redcrest
Br1 1979 Delicioso Panamint -
Br3 1979 Pala OP Coral Panamint
Brazio 1966 Delcioso x OP Delicioso Interlidio
Cai 1960 Delicioso Lake City - -
Southland x Southland
Carapuga 1960 Jewel OP OoP % Jewel OoP
Cardeal 1960 338-90FV OP -
Carmin 1965 Delicioso Taquari Precoce - S%?Jm?;r: q OP
Cascata 1968 Delcioso x OP Delicioso Interlidio
Charme 2000  Cascata 340 BR-1 F,\Il_‘fgg ;1 OP Delicioso Panamint
. . Strawberry Strawberry
Chimarrita 1987 Babcock Flordabelle % Peento % Peento Fla 16-6 Flordawon



Genotype ~ release FP PP FPFP FPPP PPFP PPPP

year
; Gang Shan Delicioso x
Chinoca 1987 Coral Zuo Sheng Interlidio OoP
Chiripa 1975 Delicioso Nectaredb - - - -
Chirua 1995 BR1 Cascata 277 Delicioso Panamint Princesa Colibri
Chula 1985 Delicioso Panamint - -
. Hawai x
Colorado 1968 Princesa OoP Southland OP -
Coral 1965 Dlr?{frll?lsaci)ox OoP Delicioso Interldio
Coral 2 . Delicioso x oP Delicioso Interlddio
Cristal ljui - - - - -
Cristal Taquari - - - - -
Delicioso - - - - -
Delicioso } . . .
Precoce
Delicioso de ) i i )
Livramento
Dellanona 1982 Rgg%?:g g OoP Delicioso Nectared 5
Sunhigh x .
Delta 1971 Ruend é?est OoP Sunhigh Redcrest
Edmundo ) i i )
Perret
Escarlate - Robusto Panamint Delicioso Taquari Precoce
Abdb . .
Fandango 1971 Taqua?i Ig:gc);ce OP Abdbora Taquari Precoce
Brs Fascinio 2011 Cr'mﬁgga OP Chimarrita Linda
Finesse 1968 Carapuga Amarelinho Sj)gm?gdpx I,)A?j“ncwli(r)g\?er OoP
Hawai x .
Fonte Grande 1960 Southland OoP Hawai Southland
Sunhigh x .
Gama 1971 Rugch:?est OoP Sunhigh Redcrest
Gaucho 1989 - Delicioso - -
Gaucho Poa - - - - -
Gaudério 171 Delcioso x oP Delicioso Interludio
. Pelotas 40 -
Guaiaca 1983 x Aldrighi OoP Pelotas 40 Aldrighi
Sunhigh x .
Guapo 1972 Ruef]d tl,?est OP Sunhigh Redcrest
Gumergu 1996  Introduction - - -
- Southland x
Interludio 1960 Jewel OP Southland Jewel -
Brs Kampai 2009 Chimarrita Flordaprince Babcock Flordabelle Complex
P P parentage
Delicioso x
Lagador 1997 Belvedere OoP Interlidio OP
Mandinho 2012 Cascata 828 OP Taquari 19 Fla6-12
Maragato 1997  Introduction - - -
. Gang Shan Delicioso x
Marfin 1994 Coral Zuo Sheng Interladio oP
Marli 1965 Delicioso Prelldio PQ - Delicioso Interldio
. - Southland x Delicioso x
Mimo 1966 Carapuga Amarelinho Jewel OP OP Admiravel OoP

Mimoso 1968 Leader Preludio - - Delicioso Interludio



release

Genotype year FP PP FPFP FPPP PPFP PPPP
Minuano 1968 Carapuga OoP S\(J):\g]ellagdpx OoP - -
Montenegro 1966 Delicioso Rubi - - Soutland x Jewel OP
. Delicioso x
Pala 1972 Coral Panamint Interlidio OP - -
- Taquari
Pampa 1966 Delicioso precoce OP - - - -
Pampeano 1993 - - - - - -
Pialo 1969 Vespértino OoP Admiravel OP - -
Pilcha 1985/86 Precoce Rosado OP - - - -
Delicioso x Strawberry Strawberry
Planalto 1982 Coral Babcock Interlddio OP % Peento % Peento
Precoce - Introduction - - - - -
L . . Southland
Preludio 1966 Delicioso Interlidio - - % Jewel OoP
. Cardeal x 15
Premier 1968 Novembro OP Cardeal 15 de Novembro - -
Hawai x Hawai x
Prenda 1965 gouthiand OP Southland OP ; ;
. Hawai x Hawai x
Princesa 1965 soythland OP OP Southland OP - -
Purpurio 1965 Delicioso Interludio - - - -
o . Seeds introduced
Queréncia - CityRow29 OP T "="Xiew Jers oy - - - -
Quitéria 1 - Introduction - - - - -
Quiteria 2 - Introduction - - - - -
Quitéria 3 - Introduction - - - - -
Brs Regalo 2011 Chula Chimarrita Delicioso Panamint Babcock Flordabelle
. N , Complex
Rubimel 2007 Chimarrita Flordarince Babcock Flordabelle parantage -
Brs . .
Rubramoore 2017  Cascata 1029 Chimarrita Cascata 655 A 236 Babcock Flordabelle
. . Southland
Rubro 1965 Delicioso Rubi - - % Jewel OoP
. . Cardeal x 15
Sentinela 1985/86 Premier OoP de Novembro OP - -
Brs Serenata 2019  Cascata 845 Chimarrita Chula Fla7.2 Babcock Flordabelle
g Admiravel x ., L
Serodio 1965 Delicioso OP Admiravel Delicioso - -
. Sunhigh x .
Sigma 1971 Rugch:?est OP Sunhigh Redcrest - -
Sinuelo 1970 Preludio Amarelinho Delicioso Interlidio - -
. . . Hawai x Cadeal x 15
Sulina 1979 Princesa Premier Southland OP OP de Novembro OP
: Admiravel x . .
Vespertino 1965 Delicoso OP Admiravel Delicioso - -
. . . Hawai x
Vila Nova 1969 Cristal Princesa - - Southland OP OoP
. . . Hawai x
Vila Velha 1969 Cristal Princesa - - Southland OP OP
Vinho 1966 Delcioso OP Delicioso Interludio : :
o ) . . Delicioso x
Xavante 1968 Preludio Amarelinho Delicioso Interlidio Admiravel OoP
Hawai x ,
Xv De Outubro 1960 Southland OP Hawai Southland - -

FP: female parent; PP: male parent; FPFP: female parent of the mother; FPPP: male parent of the mother; PPFP: female
parent of the father; PPPP: male parent of the father. OP: open-pollinated; - Unknown; !Introduction of experimental
station of Pomiculture de Taquari.



This work follows the same methodology
and analyzes the same variables used for a
similar study with canning cultivars of the
same breeding program (NARDINO et al,,
2022).

We analyzed genetic progress, considering
the genotypes listed in Table 1. The data
were separated into the two following peri-
ods: the 1%t period, from 1964 to 1984, and
the 2" period, from 1985 to 2017, due to
the change of the germplasm location (en-
vironment) which differed in soil depth and
altitude of the site.

Phenological data were recorded annual-
ly regarding the beginning of blooming and
full bloom and the beginning and end of fruit
ripening. Fruit shape and size, color of epi-
dermis, pulp color, firmness, total soluble
solids content, flavor, adherence to the en-
dosperm, as well as plant health and produc-
tivity were yearly evaluated for each cultivar.

In the present study, however, only the vari-
ables beginning of ripening, fruit develop-
ment period, average fruit mass, number
of fruits per plant, yield and total solid sol-
uble were analyzed. Beginning of matura-
tion (MAT) was considered as the number of
days from January 1%t to the first harvest of
the cultivar in the current season. Fruit de-
velopment period (FDP) was classified as |
and Il. FDP | was equal to the number of days
between the beginning of flowering and the
beginning of harvest, and FDP Il correspond-
ed to the number of days between full bloom
(more than 50% open flowers) and the be-
ginning of harvest. The number of fruits (NF)
was obtained by counting the number of
fruits per plant (unit), and production (PD)
per plant was obtained by multiplying the
number of fruits per plant by their average
mass (Kg), that is, PD = FM X NF.

We highlight that, in the initial period, from
1964 to 1984, the total number of fruits was
actually counted during fruit thinning by
adding the number of fruits removed from
the plant to the remaining ones. For this pur-
pose, a manual counter was frequently used
to help recording the numbers. Howeuver,

due to the increased number of genotypes
and reduced human resources to conduct
this task, it was almost impossible to main-
tain the counting in the second period. We
decided to assign a degree of production on
a scale, as referred by Nardino et al. (2022).
Total soluble solids (TSS) were measured in
°Brix, from three to five fruits per cultivar
and year, using a refractometer.

The data were grouped from the historical se-
ries of the breeding program. Once the selec-
tion became a cultivar, all the data available
since the time it was selected were included
in the calculations. We initially tabulated data
and analyzed the descriptive statistics. The
generalized mixed model adopted in its matrix
form was represented by y =XB +Z1+ ¢,
where y is the vector of the observed phe-
notypic data; X and Z are the respective inci-
dence matrices of fixed and random effects;
S and A are vectors of the fixed and random
effects of year and genotype A~NID(0,I0})
, respectively; and ¢ is the vector of random
errors e~NID(0,I6?), (HENDERSON et al.,
1959). The matrix equation was calculated
by restricted maximum likelihood (REML)
to obtain the best linear unbiased estimate
(BLUEs) of the fixed effect of year with the
corresponding covariance matrices and the
best linear unbiased prediction (BLUPs) of the
random effect of the genotypes.

Analyses of the weighted average genetic
gains were implemented according to the
method of adjusted means described by
Breseghello et al. (1998), also employed in
similar research by Nardino et al. (2022). The
average genetic gain and its genetic covari-
ance matrix were calculated for the number
of years in which the trait was available, us-
ing generalized linear regression for the av-
erage BLUE of the year in accordance with
the equations:

g =XV IX)"L(X'V~Y) l@l
by
and V(B) = X'V 1x)t

Where: f is the vector of the solutions of
the generalized linear regression; X is the in-



cidence matrix, formed by a row of 1’s and
one column indicating the years; Vis the co-
variance matrix of the BLUEs of the type; Y
is the covariance vector of the BLUEs of the
year of the cultivar; V(f) is the covariance
matrix of [j ; by is the estimate of the inter-
cept; and b is the estimate of the slope. The
the t-test was applied to estimate the signif-
icance of the slope (b1). Further details on
the method by which 7(8) was determined
were presented by Breseghello et al. (1998).

The relative genetic gain (G) per year was
estimated as the ratio between the angular
regression coefficient (b;) and the mean val-
ue estimated for 1964 (first phase) and 1985
(second phase), which estimated as a per-
centage according to the equation:

~

by
G% = (T> x 100

1

The equation below was adopted to esti-
mate the total genetic gain (G,) of the years
of breeding program, which corresponds to
the cumulative gains:

~

y-1
b4

(7 + 1) —1[x 100
Y1

where y corresponds to the number of years
in the period when the genetic progress
was estimated. Further information can be
found in Breseghello et al. (1998) and Morais
Junior et al. (2015). The t-test was applied to
estimate the significance of each gain.

GT=

The statistical analyses were carried out us-
ing the Statistical Analysis Software System
(SAS Institute, 2014) and the univariate,
glm, varcomp, glimmix and iml procedures.

Some genotypes commercially released de-
serve attention either for some important
traits for the breeding program or because
they were more extensively planted. These
genotypes were separated in an electron-
ic spreadsheet for the conductance of the
mixed model analysis. In this analysis, the
year information was considered as fixed
effect, and the genotype, a random effect,
as demonstrated by the metan package
(OLIVOTO; LUCIO, 2020). After obtaining

BLUP values for the genotype, the confi-
dence intervals (95%) were obtained, and
the graphics were built using the ggplot
package (WICKHAM, 2016). With the BLUP
values of the most important cultivars, ge-
notypic distance was also analyzed using the
Euclidean distance, through the factoextra
package, and hierarchical grouping, through
multi-scale bootstrap, using the pv_clust
package with alpha of 0.95 and nboot 100.

Results

The results of the breeding program - as al-
ready pointed out - were divided into the two
following periods: the 15t period, from 1964 to
1984, and the 2™ period, from 1985 to 2017,
due to the change in the germplasm location
(environment), whose differences were men-
tioned in the Material and Methods section.
Subsequently, we conducted the stratifica-
tion of gain estimates for each period sepa-
rately and coded them as 1964 and 1985, re-
spectively. The results are classified by period
and by trait, as described below.

Variance components of random effects ob-
tained for the generalized linear mixed mod-
el (GLIMIX) are shown in table 2. The joined
genotypes and years observed are between
the range of 37 and 81 genotypes and 14 and
33 years, for these traits. Considering the
traits evaluated, MAT, FDP |, FDP II, FW and
TSS, genetic variance surpassed environmen-
tal variance. On the other hand, the environ-
mental variance affected NF and PROD (85-
17) variables. In other words, environmental
effects, mainly winter chill and spring frost,
caused great variations in the expression of
these traits over the years. The effect of the
year was significant for all the evaluated
traits, in both periods, according to the F test.

Maturation: Considering the first period
(1964-1984), 25 % (q,) of the genotypes
started harvesting on day 332 of the year or
earlier, whereas the other 75% started rip-
ening at 360 days or later (q,). During the
second period, (1985-2017), ripening dates
tended towards earliness, 323 and 348 days
(Table 3). This tendency can be observed in
Figure 1 (A and B).



Table 2 - Estimates of variance components for random effects and significance of the fixed ef-
fect (year) of the generalized linear mixed model for each variable and period, Embrapa Temperate

Agriculture, Pelotas/RS-Brazil, 2022.

. n° .

Trait genotypet " Year Genotypez SE
MAT (64 -84) 44 19 314.6 £69.6
MAT (85-17) 81 32 298.9 + 49.9
FDP | (64 - 84) 44 18 174.8 £40.5
FDP | (85-17) 81 32 18334323
FDP Il (64-84) 44 18 174.8 £ 39.9
FDP II (85-17) 80 32 181.2 £ 32.0
NF (64-84) 37 14 24847.0 £ 72471
NF (85-17) 80 30 5121.6 £ 956.1
FW (64-84) 44 19 426.6 £ 108.0
FW (85-17) 81 33 372.8 £67.8
PD (64-84) 37 14 265.3£79.3
PD (85-17) 77 28 526+ 11.7
TSS (85-17) 79 31 24104

Covariance Parameter Estimates

Tests of fixed effects

Residual* SE Year - F value Pr>F
581144 23.1 <0.0001
81.1+£39 11.1 <0.0001
92171 34 <0.0001
1014 £5.0 10.1 <0.0001
65.9+5.3 45 <0.0001
78643 84 <0.0001

45120.0 + 4061.1 3.6 <0.0001
10532.0 £ 453.0 23.7 <0.0001
402.9 £ 30.6 1.9 0.01060
358.1£17.4 55 <0.0001
530.9 £ 49.1 54 <0.0001
106.1 £6.6 134 <0.0001
2301 10.2 <0.0001

#*number of genotypes evaluated during the period for the variable. * number of years considered during the period for

the variable. SE: standard error

MAT (64-84) and MAT (85-17): Beginning of fruit ripening in the 1964-1984 and 1985-2017 periods; fruit development
period FDP | (64-85) and FDP | (85-17) (considering the beginning of flowering and ripening) in the 1964-1984 and 1985-
2017 periods. FDP Il (64-84) and FDP Il (85-17): fruit development period (considering the period from full flowering to
ripening) in the 1964-1984 and 1985-2017 periods; NF (64-84) and NF (85-17): number of fruits in the 1964-1984 and
1985-2017 periods. FW (64-84) and FW (85-17): fruit weight in the 1964-1984 and 1985-2017 periods. PD (64-84) and
(85-17): fruit weight in the 1964-1984 and 1985-2017 periods. TSS: soluble solids content in the fruits.

Fruit Development Period: Regarding the
first period, 25% of the studied genotypes
had a fruit development period equal to or
inferior to 114 days (q,), and 75% had FDP
equal to or longer than 134 (Table 3; Figure
1 C and D). During the second period, the in-
terquartile range was 22 days (Table 3).

Fruit Development Period II: In the first pe-
riod (1964-84), 25% (ql) of the genotypes
FDP Il were equal to or less than 103 days
and 75% (g3) were equal to 122 days or lon-
ger. For the second period (1985-17), the
genotypes had the FDP between 100 and
119 days (Table 3). It is possible to observe
a slight reduction in the FDP_II for both peri-
ods (Figure 1 E and F).

Number of fruits (NF): For the first period
(1964-84), 25% (ql) of the genotypes pre-
sented a number of fruits corresponding to
70 fruits, whereas 75% (q3) of them had at
least 438 fruits. In the second period (1985-
17), the number of fruits was around 96 and
350 (Table 3). Figure 2 (A and B) shows this
slight increment.

Average fruit weight: In the first period
(1964-84), 25% (ql) of the genotypes pre-
sented an average fruit mass equal to or
less than 88g, while 75% (q3) presented an
average mass greater than or equal to 125g.
In the second period (1985-17), 25% of the
genotypes had fruit weight around 80 and
the others, equal to or above 115 g (Table 3).
Figure 2 (C and D) shows a slight increase in
fruit weight in both periods.

Production per plant: In the first period
(1964-84), 25% (gl) of the genotypes had
average production per plant equal to or less
than 9.72kg, while 75% (q3) presented yields
greater than or equal to 47.84kg.plant . For
the second period (1985-17), the production
per plant was around 11.77 and 32.68 kg, re-
spectively (Table 3; Figure 2 E and F).

Total soluble solids content in fruits: The
data were available only for the second peri-
od (1984-17). 25% (q1) of the genotypes pre-
sented total soluble solids equal to 10.5%brix,
while for 75% (q3), they were higher than or
equal to 13.8°brix (Figure 2G).
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Figure 1 - General means of the genotypes in each year studied.

(A) Peach fruit maturing during the 1964-1984 period. (B) Peach fruit maturing during the 1985-2017 period. (C) Cycle
considering the beginning of flowering during the 1964-1984 period. (D) Cycle considering the beginning of flowering
during the 1985-2017 period. (E) Cycle considering the beginning of full flowering during the 1964-1984 period. (F)
Cycle considering the beginning of full flowering during the 1985-2017 period. The circles represent the general and
annual means and the vertical bars represent the confidence intervals for the means, Embrapa Temperate Agriculture,
Pelotas/RS-Brazil, 2021.

Table 3 - Results of descriptive statistics for the variables evaluated, Embrapa Temperate Agriculture,
Pelotas/RS-Brazil, 2022.

Statistics (unit) Min q mean d, Sd max
MAT_1964 (no. of days) 277.0 332.0 345.1 360 214 401
MAT_1985 (no. of days) 274.0 323.0 336.0 348 19.2 404
FDP 1_1964 (no. of days) 70.0 114.0 123.8 134 16.7 180
FDP 1_1985 (no. of days) 41.0 109.0 120.3 131 16.8 178
FDP 11_1964 (no. of days) 65.0 103.0 113.2 122 15.9 172
FDP 11_1985 (no. of days) 68.0 100.0 110.4 19 15.7 166
NF_1964 (no. of fruit) 10.0 70.0 299.3 438 304.1 1950
NF_1985 (no. of fruit) 4.0 96.0 224.7 350 1451 550
FW_1964 (g) 40.0 88.0 107.1 125 28.3 222
FW_1985 (g) 4.0 80.0 98.6 115 26.6 214
TSS (°Brix) 5.4 10.5 12.2 13.8 2.3 19.8
PD_1964 (Kg) 0.96 9.72 32.4 47.84 29.9 1771
PD_1985 (Kg) 0.44 1.77 23.3 32.68 15.0 80

MAT_1964, MAT_1985: Fruit maturation in the 1964-1984 and 1985-2017 periods (respectively); FDP |_1964, FDP
|_1985: fruit development period (considering the beginning of flowering and maturing) in the 1964-1984 and 1985-
2017 periods (respectively); FDP 11_1964, FDP |l_1985: fruit development period (considering full flowering and matu-
ration) in the 1964-1984 and 1985-2017 periods; NF_1964, NF_1985: number of fruits in the 1964-1984 and 1985-2017
periods; FW_1964, FW_1985: fruit weight in the 1964-1984 and 1985-2017 periods; TSS: soluble solids content in the
fruits; PD_1964, 1985: fruit weight in the 1964-1984 and 1985-2017 periods; Min: minimum observed value; q,: first

quartile; Mean: arithmetic mean; q,: third quartile; sd: sample standard deviation and Max: maximum observed value.

The results of genetic gain estimates for the In the analysis of the significance of the an-
1964-1984 and 1985-2017 periods for the gular coefficients of the variables evaluated,
studied traits are shown in Table 4. Five eval- MAT (85-17) presented B, of -0,11 (p >0,0130);
uated variables presented significant angular FDP Il (85-17) with B, of -3,83 (p >0,0005); NF
coefficients. (85-17) with B, of 2,71 (p >0,0000); PD (85-
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Figure 2 - Comparison between general means of the fresh market peach genotypes in each year.

(A) Number of fruits during the 1964-1984 period. (B) Number of fruits during the 1985-2017 period. (C) Fruit weight
during the 1964-1984 period. (D) Fruit weight during the 1985-2017 period. (E) Production during the 1964-1984 peri-
od. (F) Production during the 1985-2017 period in grams/plant. (G) Mean total soluble solids content in ° Brix during the
1985-2017 period. The circles represent the general and annual means, and the vertical bars represent the confidence
intervals for the means, Embrapa Temperate Agriculture, Pelotas/RS-Brazil, 2021.

Table 4 - Genetic gain (mean) of each variable for maturing period, fruit development period, num-
ber of fruits and production per plant in the 1964-1984 and 1985-2017 periods, Embrapa Temperate
Agriculture, Pelotas/RS-Brazil, 2022

Parameter GL B, B, tcalc- value  t tab-value Pr>|t| ( ani?j:?% ) Ggen (full %)
MAT (64 -84) 19 345.86 -0.08 -0.86 2.14 0.4000 -0.02 -0.44
MAT (85-17) 32 341.49 0.1 -2.63 2.04 0.0130 -0.03 -1.04
FDP | (64 - 84) 18 124.67 -0.15 -1.25 2.14 0.2257 -0.12 -2.16
FDP | (85-17) 32 122.18 -0.07 -1.42 2.04 0.1663 -0.06 -1.76
FDP Il (64-84) 18 12.77 -0.06 -0.58 2.14 0.5660 -0.05 -0.99
FDP Il (85-17) 32 114.21 017 -3.83 2.04 0.0005 -0.15 -4.75
NF (64-84) 14 247.16 0.35 0.08 2.20 0.9389 0.13 1.53
NF (85-17) 29 175.44 2.71 7.87 2.05 0.0000 1.55 44.86
FW (64-84) 19 105.73 0.15 0.61 2.14 0.5464 0.14 2.65
FW (85-17) 33 99.64 0.08 0.87 2.04 0.3882 0.08 2.50
PD (64-84) 14 27.99 -0.03 0.66 2.23 0.5215 1.17 16.63
PD (85-17) 28 18.03 0.41 6.47 2.06 0.0000 2.25 62.98
TSS (85-17) 31 12.51 -0.03 -2.87 2.05 0.0073 -0.20 -6.29

B,: intercept, B,: slope; Ggen (annual%): annual genetic gain and Ggen (full%): total genetic gain. MAT_1964, MAT_1985:
Fruit maturing in the 1964-1984 and 1985-2017 periods; FDP |_1964, FDP |_1985: fruit development period (consid-
ering the beginning of flowering and maturing) in the 1964-1984 and 1985-2017 periods; FDP II_1964, FDP 11_1985:
fruit development period (considering full flowering and maturing) in the 1964-1984 and 1985-2017 periods; NF_1964,
NF_1985: number of fruits in the 1964-1984 and 1985-2017 periods; FW_1964, FW_1985: fruit weight in the 1964-
1984 and 1985-2017 periods; TSS: soluble solids content in the fruits; PD_1964, 1985: fruit weight in the 1964-1984 and
1985-2017 periods.



17) with B, of 0,33 (p >0,0000) and TSS (85-
17) with B, of 0,41 (p >0,0073).

During the first period for MAT (64-84), it was
observed a negative slope with 0.02% of an-
nual genetic gain. Throughout the second pe-
riod, for MAT (85-17), the annual genetic gain
was -0.03%. Regarding the FDP | (64-84) and
(85-17), which means the cycle considering
the beginning of blooming to harvest, the an-
nual genetic gains were -0,12% and -0,06%,
respectively, which reveals a small decrease.
Concerning annual genetic gain for FDP I
(64-84 and 85-17), which refers to the cycle
in relation to full blooming, the values were
-0,05% and -0,15%. In other words, there was
a gain in the goal of the peach breeding pro-
gram, which is shortening the cycle.

In reference NF (64-84) per plant, the annu-
al genetic gain was 0,13%, and in the second
period (85-17), the annual genetic gain was
1.55%. For FW (64-84), the annual genetic
gain was positive, 0,14%; and for the second
period (85-17), the annual genetic gain was
0,08%.

Regarding PD, which is the fruit yield per
plant in kg, the following values of annual
genetic gain were: for 64-84, 1,17%; and for
85-17, the annual genetic gain was 2,25 %,

which is twice the value of the previous one.
The positive gain values for fruit yield are rel-
evant and advantageous for the purpose of
the genetic breeding program.

Regarding the outstanding cultivars (either
due to theirimportance for the peach breed-
ing program of Embrapa or/and for being
the most planted by fruit growers and still
found in the area nowadays), the Best Linear
Unbiased Prediction (BLUP) results for each
trait are shown individually in Figure 3.

For beginning of harvest (Figure 3 a), a wide
range was observed among genotypes. For
example, ‘Pampeano’ has an average of
294 days until maturity (corresponding to
October 20), while "Vila Nova’, "Chiripa” and
‘Barbosa’ reach ripening stage after approx-
imately 370 days (corresponding to January
4th of the following year, from the beginning
of counting), that is, approximately 76 days
of difference. The mean BLUP value was 338
days from January 1%t until harvest. In refer-
ence to the initial cycle, FDP |, (Figure 3 b),
‘Pampeano’ and ‘Vila Nova’ had the shortest
and the longest cycles, approximately 100
days from the beginning of blooming to har-
vest for ‘Pampeano’, and around 155 days for
‘Vila Nova’. On the other hand, ‘DellaNona’
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Figure 3 - Mean results of the most representative genotypes for the maturation variables (from
January 1t (days)), number of days between the beginning of flowering and maturation, FDP, num-
ber of days between full flowering and maturation, 2Brix, fruit weight (grams) and production in kg/
plant, Embrapa Temperate Agriculture, Pelotas/RS-Brazil, 2022.



had a mean cycle of 125 days, a value very
close to that of the mean BLUP. Regarding the
FDP II, which refers to full bloom (Figure 3 c),
‘Pampeano’ and ‘Vila Nova’ also presented
the shortest and longest FDP, 88 and 148 days,
respectively. The mean BLUP value was of 115
days, from full flowering until harvesting.

The heaviest weights were observed in fruits
of cultivars Vila Nova and Regalo (Figure 3 d),
with approximately 121 and 118 g.fruit?, re-
spectively. The lightest average fruit weights
were observed in the early ripening cultivar
Sulina, with approximately 81 g.fruit®. The
general mean of the most relevant geno-
types was approximately 101 g.fruit?.

Considering yield evaluation (Figure 3f), cul-
tivars Coral and Regalo presented averages
of approximately 43.9 kg.plant®! and were
the most productive. Cultivars Chiripa and
Mandinho, on the other hand, obtained the
lowest productions (Figure 6), with BLUP val-
ues close to 21.2 kg/plant. The general mean
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of the BLUP value was approximately 30.6
kg.plant?. It should be pointed out that ‘BRS
Mandinho’ is the only pentao peach of the
group.

In the evaluation of total soluble solids con-
tent (Figure 3 d), the genotype ‘Marfim’
presented the highest average content
(14.94°brix). On the other hand, genotypes
‘Pampeano’ and ‘Premier’ exhibited the low-
est TSS content mean (10°brix). The mean
BLUP value was 12.5¢9 brix.

BLUP values for the traits cycle, yield and sol-
id soluble contents were submitted to cluster
analysis by Euclidean distance. Considering
this group of traits, eight groups were formed
(Figure 4). The largest group was formed by
eight cultivars, namely, Chimarrita, Charme,
Marli, RubraMoore, Fascinio, Regalo, Planalto
and Coral. Cultivars Vila Nova and Pampeano
did not group to any other, but each one
formed an individual group.

Figure 4 - Dendrogram of the currently most planted and cultivated peach cultivars, Embrapa

Temperate Agriculture, Pelotas/RS-Brazil, 2022.



Discussion

During the second period, the maturation time
variability increased. MAT leans on the grow-
ing degree hours (GDH) and cultivar stability
and plasticity. The temperature in the first 30
to 45 days after blooming strongly affects this
aspect (LOPEZ; DEJONG, 2007, BONORA et al.,
2013). However, considering the standard de-
viations for each genotype (Figure 3), time of
ripening deviations were lower than those of
production or fruit weight.

Fruit development period, considering be-
ginning of blooming, presented less variabili-
ty in the first period than in the second peri-
od, probably due to cooler and more regular
winters in these first years, which resulted in
more uniform blooming. On the other hand,
in the second period, the large fluctuations
in temperature during the winter (data not
shown), combined with the search for devel-
oping cultivars with low chill requirement,
increased variability.

According to Koppen climate classification,
the region where the program is located is
classified as Cfb, humid temperate climate,
with hot and humid summers, without a dry
season. There is a wide variation in tempera-
ture in winter, with an average minimum of
-3°C and a maximum of 18°C (ALVARES et
al., 2013). This variation affects FDP. It is in-
teresting to note that even cultivars, such as
the American cultivar Tropic Beauty, which
according to the literature, has a cycle of
89 days (SARKHOSH et al., 2019), under the
conditions of Pelotas/RS, has a longer cycle
(112 days), as a consequence of tempera-
ture conditions. Sarkhosh et al. (2019) ob-
served differences of 13 days between the
FDP in Central and Southwest Florida, and
of 20 days between central Florida and the
north central region, for the same cultivar
and year. The authors attributed the differ-
ences to a delay in flowering, due to insuf-
ficient cold and higher temperatures during
the FDP, which reduced the cycle in the area
where this occurred. Other authors had al-
ready observed differences in the cycle of
the same cultivar depending on the tem-

perature in the initial period of fruit develop-
ment (coincident with the cell multiplication
phase) (BOONPRAKOB et al., 1992; SOUZA et
al., 2011, SOUZA et al., 2019).

In our study, the variability for FDP | among the
years was higher than when the full blooming
to harvest (FDP 1) was considered. This was
already expected, once these cultivars are of
low chill requirement. Therefore, the occur-
rence of mild temperatures and the wide ther-
mal amplitude throughout the day contribut-
ed to the appearance of numerous extempo-
raneous flowers, which hinders the estimation
of the actual date of beginning of flowering.

Regarding the number of fruits, there was
greater variability between genotypes than
between years in the first period. In the sec-
ond period, this variability was lower and
tended to increase in relation to the general
average, from the 2006-2007 harvest (except
in three years). Coincidentally, it was from
2002 onwards that the work with producers
and other research institutions was intensi-
fied. The genotypes were tested in different
areas, with different soil and climate condi-
tions, which leads us to believe that the cul-
tivars resulting from this work, such as cvs.
BRS Rubimel, BRS Fascinio and BRS Regalo,
among others, presented greater plasticity.
Productivity data (Figure 2 E and F) support
this idea, since, in the last 10 years, they
have rarely been below average.

There was little variability for average fruit
weight among the years for the set of geno-
types (Graphs 2C and 2D). It must be point-
ed out that the averages MF were not strict-
ly related to the number of fruits. In other
words, the low average mass was not caused
by the greater number of fruits. The results
lead us to believe that the new genotypes
have the potential for high yields, even un-
der dry periods, since the orchard was not
irrigated, and some years had a dry period
(data not shown). Deficit of irrigation during
stages | and Il of peach fruit growth did not
affect yield, but during stage Ill, which is
more likely to occur in the region where the
study was conducted, fruit size was reduced
(BERMAN; DEJONG, 1996; NAOR et al., 1999,



RAHMATI et al., 2015, KARAMI et al., 2002,
MIRAS-AVALOS, 2013). Thus, the dry period
may have affected some cultivars. However,
on the average of the whole set of cultivars,
no significant difference was reported. It is
known that only around 30% to 40% of the
fruit size in peach is due to genetic inheri-
tance. Souza et al, 1998, found 32% for nar-
row-sense heritability. Fruit size is affected
by various factors, including plant nutrition,
soil and climate conditions and plant man-
agement (pruning, thinning, etc.).

The standard deviations of fruit mass in re-
lation to the overall yearly average were
smaller in the second period than in the first
one. It is interesting to highlight that, in gen-
eral, the cultivars with the highest average
mass per fruit are also the most productive,
that is, those with larger fruits also present-
ed productivity equal to or above average.
Among the cultivars released after 2002,
BRS Kampai (Figure 5) is the only exception,
probably because its early flowering is more
favourable to frost damage.

As for the total soluble solids content, there
was a slight reduction trend, which may be
related to the reduced cycle and the devel-
opment of earlier cultivars. This had been
previously reported on research paper by
Drougoudi et al. (2016, 2017). In recent
years, reduced variability has been found
between years, besides a slight tendency
towards increased variability between gen-
otypes in the same year (standard deviation
within the year).

There was a tendency for earlier cultivars,
mainly in the second period. The gain, how-
ever, was not evidenced, which is to be ex-
pected, since the breeding program sought
to extend the harvest period, and thus both
earlier genotypes than those available at the
beginning of the program as well as later
than them, were selected. On average, there
was a greater advance towards precocity.

A correlation has already been found be-
tween FDP and ripening time (RAWANDOOZI
et al., 2020). In the present study, precocity
was also accompanied by a small reduction

in the fruit development cycle, a result that
must have been somewhat confounded by
the differences in temperature and conse-
guently heat accumulation, GDH (Growing de-
gree hours), between years. Variations of 10
days, or even longer, in the cycle of the same
cultivar are not rare in the region of Pelotas.
Note that in relation to the cycle, the GDH is
considered here as the accumulation of hours
of temperature within the range considered
suitable for the growth and development of
the plant after full flowering. Therefore, it is
different from the GDH in relation to dorman-
cy, which would be the number of hours of
heat needed for bud break and flower, after
the satisfaction of cold accumulation to over-
come dormancy (RICHARDSON, 1975).

High GDH accumulation in the first 30 days
after flowering shortens the cycle and con-
sequently reduces fruit size, considering
the same management practices (LOPEZ;
DEJONG, 2007). On the other hand, lower
temperatures in that period extend the FDP.
A positive gain was observed, namely, in-
creased average mass per fruit, mainly in the
first period. However, except for this param-
eter and a small difference in relation to the
shortening of the cycle, FDPI (which can be
attributed to the variability of flowering due
to the large temperature variations in re-
cent years, in the months of July, August and
September), the second period was superi-
or in all other studied variables. Considering
the fruit development cycle from full bloom
to maturation FDPII, greater reduction was
observed in the period from 1985 to 2017.
Even so, the number of fruits and produc-
tivity obtained greater gain, compared to
the first period. This can be attributed to
the direction of the program, which priori-
tized, in the early years, obtaining genotypes
that produced fruits for canning, which later
tended to achieve a balance in importance
between the two lines (table and canning
types) (NARDINO et al., 2022).

It was observed a 6.29% reduction in total
soluble solids (TSS), probably related to ear-
liness of ripening. However, since in most
genotypes the TSS is between 102 and 152



Brix, on average, this reduction represents
less than 12 Brix, with little or insignificant
difference in flavor.

The most relevant gains were found for pro-
ductivity. Together, the two studied periods
obtained a 79.61% increase. Considering the
official data (FAOSTAT, 2022), the average pro-
ductivity was 5.85 ton.ha?, in 1964; and in
2017, it rose to 14.57 ton.ha™, therefore much
higher than expected. It disregarded the fact
that the national average does not reflect
the productive potential of the new cultivars,
so much so that according to IBGE data, the
state of SP has an average above 20 ton.ha?,
and in 2017, it corresponded to 23.01 ton.ha!
(IBGE 2020). Of course, this is not only due
to the Embrapa breeding program achieve-
ments, but much can be ascribed to man-
agement practices and cultivars from other
breeding programs, mainly from the Instituto
Agronomico de Campinas. However, the culti-
vars launched by Embrapa play an important
role in productivity increase.

When comparing the progress achieved in
the two periods, it can be concluded that
the progress achieved in the development of
fruits for processing (NARDINO et al., 2022)
was greater than that for fruits for fresh con-
sumption, except for the average fruit mass
in the first period, in which the canned type
decreased, and the table type increased.
However, in the combination of the two, the
canned type increase of 10 to 11g in each
100g of fruit surpassed the 5 to 6g increase
of the table type. These differences can be
attributed to the priority given for years to
the processing line to the detriment of the
in natura market type, which has only been
prioritized in the last two decades.

Pampeano cultivar is the one with the earli-
est maturation and the shortest fruit devel-
opment cycle. Flowering occurs, on average,
in mid-July, with full flowering in the third
decade of July and often in August, which re-
sults in a fruit development cycle of 90 days
or less (RASEIRA et al., 2014). The cv. Vila
Nova, on the other hand, has the longest
cycle among the most interesting cultivars,
shown in Figure 4.

Contrary to what might be expected, due to
climatic variations, all the most important
cultivars presented little variability in terms
of the fruit development period. Considering
only the main cultivars, the variability be-
tween years in the same cultivar was insig-
nificant, both in terms of maturation and
cycle (FDP). This is explained by the high
heritability of this trait, which means be-
ing a trait whose genetic component is the
main one. Dini et al., 2021, found high broad
sense heritability and medium to high nar-
row sense heritability.

The harvest starts with the earliest cultivar
(‘Pampeanco’), at the end of September and
extends until January with the later ones,
‘Vila Nova’ and ‘Chiripd’, which begin in the
first days of January. This amplitude in the
maturation period is important for allow-
ing the producer to have a longer period
of availability of the fruits in the market.
Breeding programs, such as Embrapa’s, aim
to extend the harvest period even further.
As for the cycle from full bloom to matura-
tion, only ‘Pampeano’ has a cycle around 90
days. ‘Chirua’, ‘Serenata’, ‘Planalto’, ‘BR3’,
‘Premier’ and ‘Coral’ have a cycle between
100 and 110 days. All the others have a lon-
ger cycle.

In general, the TSS content (Figure 1F) fol-
lowed the maturation season, with the later
ripening cultivars with higher TSS content,
the mid-season ones around the average
TSS and the early ones with lower values.
There are reports of a correlation between
both ripening time and cycle with the con-
tent of total soluble solids (BEKELE, 2018;
RAWANDOOZI et al., 2020), although the val-
ues found correspond to a moderate to low
correlation, as reported by Rawandoozi et al.
(2020), for example, r = 0.48 with ripening
season and (r = 0.39) with FDP.

Observing figure 4, it seems that most of
the important cultivars developed by the
program are earlier than cv. Delicioso, one
of the most important, in the early 1960s,
which was a founding clone of the breeding
program for fresh market cultivars (BYRNE
et al., 2000). On the other hand, the same



is not true for the cycle. This must be due
to the peculiar characteristic of this cultivar,
which, despite being of low chill require-
ment, needs greater accumulation of heat
for flowering and hence its PDF is shortened
(CITADIN et al., 2001). This characteristic is
so important in areas with low winter cold
accumulation, but subject to frost that, as
observed in Table 1, a large number of the
main cultivars have ‘Delicioso’ as one of the
ancestors, either as an immediate parent, as
in BR1 and Chirip4, in the second generation
of ancestors (such as ‘Coral’, ‘BRS Regalo’
or ‘Della Nona’) or in 3rd generation, as in
‘Planalto’, ‘Chirua’ and ‘BR3’.

In general, based on the results obtained
by the program, cv. Delicioso transmits
good characteristics to its progenies, except
for the average fruit mass, which tends to
be equal to or below the general average.
Regarding the average fruit mass and pro-
duction per plant, all important cultivars are
at least equivalent to cv. Delicious, but most
of them are superior to it.

Phenotypic diversity studies are important
guides in genetic breeding programs be-
cause they allow the analysis of the variabil-
ity among a set of cultivars. In the present
work, the highlighted cultivars were grouped
according to the similarity for the five char-
acteristics studied (Alpha=0.05%). The vari-
ables fruit development period and time of
maturation were the ones that most differ-
entiated the cultivars. The 23 cultivars were
distributed in six groups with good diversi-

Figure 5: BRS Kampai. Autor: Ciro Scaranari

ty. The cultivars ‘Pampeano’ and ‘Vila Nova’
did not group with any of the others or with
each other. They constitute very interesting
material to be used in breeding.

Conclusions

As a consequence of the breeding effort over
the years, due to the extension of the period
of harvest, there was a significant spread of
time of ripening (end of September or begin-
ning of October until January), with a slight
tendency for earliness and shorter cycle.
There was also a small increase in the aver-
age fruit mass (5,15% at the end of the whole
period). However, the most significant differ-
ence was the yield increase, particularly in re-
cent decades. At the end of the period of 53
years, the yield increase was close to 78%.
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