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Abstract: Traditional peach production regions provide adequate chill for satisfacto-
rily bud’s flower break dormancy, in cultivars there developed. However, considering 
the expansion of the orchards in mild winter areas and the expected global trends 
to warmer conditions, the local development of cultivars became relevant. Based on 
this background, this study proposed to evaluate the performance of 33 peach and 
nectarine cultivars and selections in mild winter climate. Features associated to the 
vegetative development, phenology, productivity and fruit characteristics were mea-
sured in nine seasons, and the data analyzed by multivariate analysis of variance. 
Significant correlations between features were remarked. The Pillai and F tests pre-
sented significant results, highlighting significant differences among cultivars for al-
most all features. Peach and nectarine genotypes showed genetic diversity that may 
be accessed for use as cultivars, or parental for crosses. ‘IAC Aurora 1’, ‘IAC Aurora 2’, 
‘IAC Centenário’, ‘IAC Douradão’, ‘IAC Jóia4’, ‘IAC Ouromel 3’, ‘IAC Régis’, ‘Diamante’, 
‘Eldorado’, ‘FlordaPrince’, ‘Premier’ and ‘Tropic Beauty’ were the cultivars with the 
best results. A large number of selections showed promising results, emphasizing, the 
‘IAC 680-177’, ‘IAC 1085-27’, ‘IAC 785-9’, ‘IAC 2982-31’, ‘IAC 4682-45’and ‘IAC 6882-84’.

Index terms: multivariate analysis, principal component analysis, Southeast Brazil, 
Prunus persica.

Cultivares e novas seleções IAC de 
pêssego para regiões de inverno ameno
Resumo: As regiões tradicionais de produção de pêssego apresentam frio adequado 
para a quebra de dormência das gemas de forma satisfatória, nas cultivares local-
mente desenvolvidas. No entanto, considerando a expansão dos pomares em áreas 
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Introduction
The Rosaceae botanical family has many fruit 
species suitable for human consumption, 
e.g., Prunus persica (peach) and P. persica var. 
nucipersica (nectarine). In 2020, while China 
ranked as the top 1 world producer with 
15.016.103 ton., Brazil ranked in 14th, with 
201.880 ton. (FAO STAT, 2022). The Brazilian 
production is distributed between in natu-
ra consumption (57%) and industrialization 
(43%) destinations (SOBIERAJSKI et al., 2019). 
Brazil imported 13,239 ton. of peaches and 
nectarines in 2020 (FAO STAT, 2022), reflect-
ing a great opportunity for Brazilian’s produc-
ers (FERNANDES et al., 2022).

The commercial peach orchards are situ-
ated in Southern and Southeastern Brazil 
(SOBIERAJSKI et al., 2019; FERNANDES et al., 
2022). These states show regions suitable for 
stone fruits production, however, present a 
mild winter and not always provide the chill 
requirement of cultivars developed in tradi-
tional areas in United States, Europe or Asia. 
In addition, climate changes may lead to 
warmer conditions in several regions (BLAIN, 
2011; IPCC, 2018), affecting the performance 
of elite cultivars currently used (GRADZIEL, 
2022; MILECH et al., 2022). These aspects 

highlight the need for local development of 
peach and nectarines cultivars (SOBIERAJSKI 
et al., 2016). Since 1950 the Agronomic 
Institute (IAC) of São Paulo State has develop 
low chill cultivars (RASEIRA and FRANZON, 
2014; THUROW et al., 2017; SOBIERAJSKI 
and BLAIN, 2022) based on the IAC-Prunus 
germplasm genetic variability.

The State of São Paulo is recurrently the sec-
ond Brazilian peach producer, and its pro-
duction is predominantly for fresh market 
consumption (SOBIERAJSKI et al., 2019; DINI 
et al., 2021). As mentioned above, frequent-
ly the ideal chill accumulation is not provid-
ed in Brazil, when compared with tradition 
peach cultivation regions around the world. 
This occurs in the location of Capão Bonito, 
situated in the south region of the State of 
São Paulo. Despite the lack of chilling re-
quired to breaking the dormancy for many 
peach and nectarines cultivars, this region 
is recognized for its stone fruits cultivation. 
On this background, we infer that the genet-
ic plasticity of some cultivars and selections 
enables the adaptation of these genotypes 
to mild winter conditions. The present study 
aims to evaluate the vegetative develop-
ment, the phenology, the productivity and 
the pomological characteristics of 33 peach-

de inverno ameno e as tendências globais esperadas para condições mais quentes, o desen-
volvimento local de cultivares tornou-se relevante. Com base nisso, este estudo propôs-se a 
avaliar o desempenho de 33 cultivares e seleções de pessegueiro e nectarineira em clima de 
inverno ameno. Características associadas ao desenvolvimento vegetativo, fenologia, pro-
dutividade e características dos frutos foram medidas em nove safras; e os dados, analisa-
dos por análise de variância multivariada. Foram observadas correlações significativas entre 
as características. Os testes de Pillai e F apresentaram resultados significativos, destacando 
a presença de diferenças entre cultivares para quase todas as características. Os genótipos 
de pessegueiro e de nectarineira apresentaram diversidade genética que pode ser aces-
sada para uso como cultivares, ou parentais para cruzamentos. As cultivares ‘IAC Aurora 
1’, ‘IAC Aurora 2’, ‘IAC Centenário’, ‘IAC Douradão’, ‘IAC Jóia4’, ‘IAC Ouromel 3’, ‘IAC Régis’, 
‘Diamante’, ‘Eldorado’, ‘FlordaPrince’, ‘Premier’ e ‘Tropic Beauty’ apresentaram os melhores 
resultados. Um grande número de seleções apresentou resultados promissores, destacan-
do-se ‘IAC 680-177’, ‘IAC 1085-27’, ‘IAC 785-9’, ‘IAC 2982-31’, ‘IAC 4682-45’ e ‘IAC 6882-84’.

Termos para indexação: análise multivariada, análise de componentes principais, sudeste 
do Brasil, Prunus persica.
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es and nectarines cultivars and selections 
under Capão Bonito environment conditions.

Material and Methods
The trial was installed in 2007 at the Research 
and Development Unit of Capão Bonito 
(24° 02’ 23” S; 48° 23’ 03” W; 740 m a.s.l.) 
of Agronomic Institute (IAC), in state of São 
Paulo, Brazil. The experimental data were 

collected from 2009 to 2017. According to 
Köppen’s classification system the climate is 
“Cfa”. The average of rainfall, minimum and 
maximum temperature for this period is de-
picted in Figure 1. The experiment was com-
pounded by 33 peach and nectarines cultivars 
and selection, trained by open-vase system 
(5 x 4 m) in a randomized blocks design, with 
four replications and three plant by plot.

Figure 1. Average of rainfall (mm), minimum (T min, °C) and maximum (T max, °C) temperatures. 
Capão Bonito, SP, Brazil, 2009 – 2017.

The vegetative development was measured 
by tree height, treetop width and diameters 
of the rootstock and scion, once a year be-
fore the pruning. The phenology data was 
considered at the full blooming (50% of 
flowers in full bloom). The harvest was con-
sidered by the beginning and ending dates. 
The dates were transformed accord to Julian 
date calendar. The productivity was evaluat-
ed measuring the total fruit weight by tree 
obtained by digital balance. The fruit weight 
was estimated by sampling 20 fruits per 
tree. The fruit characterization included fruit 
height and width measured from 20 sam-
pled fruits. The soluble solids of the sampled 
fruits were measured by a portable digital 
refractometer (Pal-1, Atago).

The multivariate analysis of variance was 
applied, and its significance was evaluat-
ed by the Pillai Test (SILVA, 2016). The data 
were standardized to eliminate the units of 
the characteristics effects ( ),  

where: Z = transformed value; x = original 
value; µ = mean; and σ = standard deviation. 
The analysis of variance was used to evaluate 
the differences among cultivars (means over 
the years), for each feature. Additionally, for 
those features presenting significant F Test, 
the Scott-Knott Test was applied to classify 
the cultivars and selections. All hypothesis 
tests were calculated at 5% significance lev-
el. The Pearson’s coefficient was used to esti-
mate the correlation among characteristics. 
The Principal Component Analysis (PCA) was 
applied to highlight the mains factors, which 
explain the total variance (SILVA, 2016). The 
number of Principal Component (PC) was es-
tablished by the Kaiser’s criterion (BRAEKEN 
and VANASSEN, 2017). The statistical tests 
were calculated using the R-software (R 
CORE TEAM, 2019) with ‘biotools’ (SILVA, 
2022), and ‘agricolae’ (DEMENDIBURU, 
2022). The results were plotted using the 
‘ggplot2’ (WICKHAM et al., 2019) and ‘scat-
terplot3d’ (LIGGES et al., 2022).
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Results and Discussion
The Pearson’s correlations coefficients among 
the characteristic ranged from weak (e.g., 
-0.02 between scion diameter and blooming 
season) to high (e.g., 0.90 between rootstock 
and scion diameters; Figure 2). Significant 
correlations between features are a required 
condition for application of multivariate anal-
ysis of variance (SILVA, 2016), so these results 
allow its use. Matias et al. (2014) observed 
high correlation between fruit weight and 

equatorial diameter (0.97), and fruit weight 
and polar diameter (0.92), which are higher 
than those presented in this study (0.57 and 
0.79, respectively). However, the correlation 
coefficient found in this study are significant 
(p < 0.05). Regarding the correlation between 
fruit weight and soluble solids, the studies of 
Matias et al. (2014; r: -0.11) and Sobierajski 
and Blain (2022; r: from -0.24 to 0.15) are in 
line with that observed in this study (r: -0.16; 
p ≥ 0.05).

Figure 2. Scatter plot matrix and Pearson’s correlation coefficient between pairs of traits (Tree height, 
Treetop width, Rootstock diameter, Scion diameter, Blooming, Harvest, Yield, Fruit weight, Fruit height, 
Fruit width and Soluble solid) of 33 peaches (Prunus persica) and nectarines (P. persica var. nuscipersi-
ca) cultivars and selections. Capão Bonito, SP, Brazil, 2009 – 2017. *: p < 0.05; ns: p ≥ 0.05.

The Pillai test presented significant results 
(p < 0.05) in all years, suggesting differenc-
es among cultivars at least one characteris-
tic by year (Table 1). The analysis of variance 

showed significant differences among culti-
vars for almost all features (Table 2), except 
for fruit weight (2015 and 2017) and soluble 
solid (2017).
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Table 1. Multivariate analysis of variance of 33 peaches (Prunus persica) and nectarines (P. persica 
var. nuscipersica) cultivars and selections. Capão Bonito, SP, Brazil, 2009 – 2017.

Source of Variation DF Pillai Approx. F Num DF Den DF

2009
Cultivar 32 2.90 10.43** 192 2136
Residual 256

2010
Cultivar 31 3.64 8.64** 248 2568
Residual 321

2011
Cultivar 32 1.99 5.20** 160 1255
Residual 251

2012
Cultivar 28 2.96 7.34** 168 1266
Residual 211

2013
Cultivar 31 3.55 7.06** 217 1484
Residual 212

2014
Cultivar 32 3.24 8.07** 224 2093
Residual 299

2015
Cultivar 32 1.90 3.96** 160 1030
Residual 206

2016
Cultivar 32 2.69 3.16** 160 435
Residual 87

2017
Cultivar 32 1.96 1.73** 160 430
Residual 86

** p < 0.01.

Table 2. Analysis of variance (Ftest and Mean Square Error - MSres) of features associated to the vegeta-
tive development, phenology, productivity and fruit characteristics of 33 peaches (Prunus persica) and 
nectarines (P. persica var. nuscipersica) cultivars and selections. Capão Bonito, SP, Brazil, 2009 – 2017.

2009 2010 2011 2012 2013 2014 2015 2016 2017

Tree height (m) F test 4.98** 8.46** n.a. n.a. n.a. n.a. n.a. n.a. n.a.
MSres 0.24 0.21

Treetop width (m) F test 4.10** 5.63** n.a. n.a. n.a. n.a. n.a. n.a. n.a.
MSres 0.37 0.21

Rootstock 
diameter (mm)

F test 5.71** 4.20** n.a. n.a. n.a. n.a. n.a. n.a. n.a.
MSres 135.95 385.99

Scion diameter (mm) F test 5.02** 4.77** n.a. n.a. n.a. n.a. n.a. n.a. n.a.
MSres 149.35 221.39

Blooming 
(Julian days)

F test 1,437** 70.25** n.a. n.a. 45.25** 45.24** 4.72** 2.46** 2.70**
MSres 0.92 14.36 13.96 20.51 64.82 11.60 33.58

Harvest (Julian days) F test 4,869** 54.72** 13.45** 44.40** 18.37** 17.02** 12.90** 4.58** 2.72**
MSres 0.25 65.60 47.62 17.49 49.31 46.47 33.84 79.54 33.78

Yield (kg.tree-1) F test n.a. 7.55** 2.88** 2.45** 3.04** 4.72** 7.44** 3.68** 2.24**
MSres 17.24 30.37 69.98 14.30 39.96 24.78 28.32 68.27

Fruit weight (g) F test n.a. 26.74** 16.48** 4.78** 5.27** 4.62** 0.95ns 3.09** 1.31ns

MSres 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Fruit height (mm) F test n.a. n.a. 10.77** 10.67** 5.09** 9.34** n.a. n.a. n.a.
MSres 48.98 31.17 138.05 56.44

Fruit width (mm) F test n.a. n.a. 5.96** 6.62** 4.97** 6.43** n.a. n.a. n.a.
MSres 58.09 26.87 80.87 34.14

Soluble solid (°Brix) F test n.a. n.a. n.a. 109.47** 119.85** 82.69** 5.43** 3.87** 1.25ns

MSres 0.21 0.27 0.11 1.28 0.85 0.71
n.a. – not evaluated; ** – p < 0.01; ns – p ≥ 0.05.
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The average value for each cultivar’s fea-
tures were used to rank the best cultivars 
and selections (Tables 3 to 5). Regarding 
the features associated to vegetative devel-
opment, the ‘IAC Régis’ ranked among the 
best cultivars, for all features associated with 
vegetative development (Table 3). In addi-
tion, the ‘IAC Aurora 1’, ‘IAC Aurora 2’, ‘IAC 

Centenário’, and ‘IAC Jóia 4’ also showed 
high values for vegetative development (tree 
width, and rootstock and scion diameters). 
The selection ‘IAC 680-177’ showed no sta-
tistical difference with the ‘IAC Régis’ for 
tree width. Regarding the other features as-
sociated to vegetative development, no se-
lection was grouped with the best cultivars.

Table 3. Mean, standard deviation (SD) and Scott-Knott (SK) test of 33 peaches (Prunus persica) and 
nectarines (P. persica var. nuscipersica) cultivars and selections, for features associated to the veg-
etative development: tree height (m), tree width (m), scion (mm) and rootstock (mm) diameters. 
Capão Bonito, SP, Brazil, 2009 – 2017.

Cultivar
Tree Height Tree Width Scion Diameter Rootstock Diameter

Mean SD SK Mean SD SK Mean SD SK Mean SD SK 
Diamante 4.22 0.79 c 3.60 0.53 c 100.23 11.77 b 99.92 10.84 a
Eldorado 3.56 0.65 e 3.46 0.69 c 98.38 10.54 c 96.27 11.12 b

Fla 84-16N 3.98 0.45 c 3.71 0.54 b 103.73 8.63 b 96.89 7.32 b
FlordaPrince 3.97 0.58 c 3.61 0.51 c 105.67 12.78 a 102.58 11.26 a
IAC 1085-26 3.52 0.65 e 3.24 0.40 d 89.24 9.80 d 87.76 11.53 b
IAC 1085-27 3.81 0.52 d 3.44 0.32 c 93.76 8.94 c 88.42 10.40 b
IAC 1880-62 3.90 0.48 d 3.67 0.46 b 89.03 8.47 d 91.81 10.25 b
IAC 2680-91 3.68 0.42 e 3.70 0.60 b 87.81 9.72 d 85.06 8.44 b
IAC 2982-24 3.78 0.52 d 3.44 0.49 c 87.77 12.83 d 83.65 11.44 b
IAC 2982-31 3.91 0.46 d 3.53 0.39 c 97.38 8.93 c 90.29 9.35 b
IAC 2982-32 3.61 0.42 e 3.18 0.54 d 89.25 8.72 d 90.02 11.73 b
IAC 4682-45 3.66 0.55 e 3.44 1.05 c 85.72 11.93 d 79.12 10.93 b
IAC 5480-19 3.31 0.64 e 3.28 0.66 d 85.34 8.10 d 86.86 10.98 b
IAC 680-177 4.15 0.33 c 3.96 0.45 a 99.84 7.92 b 97.69 9.63 b
IAC 6882-37 3.90 0.30 d 3.44 0.46 c 94.06 5.90 c 91.33 9.53 b
IAC 6882-84 3.62 0.56 e 3.52 0.62 c 92.70 9.76 c 88.66 8.08 b
IAC 6982-2 3.86 0.41 d 3.49 0.33 c 96.69 8.84 c 97.64 10.80 b
IAC 785-9 3.63 0.87 e 3.37 0.89 c 86.67 11.51 d 89.28 11.91 b

IAC Aurora-1 4.18 0.41 c 4.10 0.27 a 107.40 10.93 a 112.36 10.12 a
IAC Aurora-2 4.32 0.38 b 3.94 0.38 a 108.48 10.66 a 108.26 8.20 a

IAC Big Aurora 3.97 0.53 c 3.69 0.46 b 96.82 9.45 c 97.04 8.20 b
IAC Centenária 4.18 0.26 c 3.65 0.34 b 103.65 9.81 b 99.88 10.24 a
IAC Centenário 4.36 0.49 b 3.98 0.44 a 116.38 10.53 a 112.24 11.01 a
IAC Douradão 3.41 0.44 e 2.98 0.48 d 94.17 12.76 c 91.01 11.72 b

IAC Jóia-2 3.57 0.14 e 2.97 0.26 d 106.75 4.50 a 96.54 6.97 b
IAC Jóia-4 4.29 0.75 b 3.92 0.81 a 107.28 12.23 a 105.72 11.44 a

IAC Ouromel-3 3.83 0.45 d 3.43 0.41 c 101.21 9.72 b 108.59 5.21 a
IAC Ouromel-4 3.87 0.58 d 3.38 0.61 c 100.06 8.63 b 96.08 10.49 b

IAC Régis 4.69 0.42 a 4.27 0.47 a 112.93 9.52 a 112.68 11.61 a
IAC Tropical-2 4.13 0.45 c 3.25 0.50 d 109.21 9.66 a 109.36 10.95 a

Premier 3.64 0.22 e 3.98 0.49 a 98.93 8.52 b 92.44 8.26 b
Sunripe 3.40 0.58 e 3.07 0.68 d 97.52 11.66 c 91.42 10.25 b

Tropic Beauty 3.86 0.41 d 3.56 0.45 c 103.02 9.43 b 107.05 11.41 a
All 3.87 0.60 3.55 0.62 98.40 12.12 96.48 12.09

Cultivars with the same letter in column are not significantly different by Scott-Knott test (p ≥ 0.05).
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The early fruit ripening is an important 
commercial characteristic in peach produc-
tion, particularly in State of São Paulo. This 
fact provides advantage for the producers, 
who may offer fruits of high quality before 
the harvest season of South of Brazil and 
other countries in South America (NAVA 
et al., 2020). The cultivars ‘IAC Régis’ and 
‘Tropic Beauty’ showed the shortest period 
for blooming season (Table 4). Concerning 
the IAC selections, most of them were clas-

sified as early blooming and harvest sea-
sons (Figure 3). This occurs due to the IAC 
Breeding Program selects genotypes for 
in natura consumption (DINI et al., 2021), 
that requires low chilling accumulation, well 
adapted to State of São Paulo mild winter 
climate. Milech et al. (2022) emphasize the 
importance of the breeding programs to de-
velop low chilling cultivars in subtropical and 
high-altitude tropical regions, mainly consid-
ering the global warming.

Figure 3. Boxplot (median, quartiles and outliers’ points) presenting the nine years average of 
blooming (pink) and harvest (yellow) seasons of 33 peaches (Prunus persica) and nectarines (P. per-
sica var. nuscipersica) cultivars and selections. Color gradient: light – early season; and dark – late 
season. Capão Bonito, SP, Brazil, 2009 – 2017.

The cultivars ranked as the best cultivar for 
yield by tree (kg.tree-1; Table 4) were: ‘IAC 
Aurora1’, ‘IAC Aurora2’, ‘IAC Centenário’, 
‘IAC Jóia 4’, ‘IAC Ouromel 3’, ‘IAC Régis’ and 
‘Tropic Beauty’. Regarding the selections, 
the ‘IAC 2982-31’ and ‘IAC 785-9’ showed 
no statistical differences with the group that 
presented the best results for yield by tree. 
Regards to fruit weight, cultivar ‘Eldorado’ 
presented the best result, followed by 

‘Diamante’, ‘IAC Douradão’ and ‘Premier’. 
Nava et al. (2020) presented fruit weight 
means values for ‘IAC Douradão’ of 101.50g 
(2016) and 59.60g (2017), similar those 
measured in the present study (98.36g). 
Sobierajski and Blain (2022) evaluated the 
IAC-Prunus germplasm among 2012 and 
2014 and the ‘IAC Douradão’ showed fruit 
weight means values of 126.35, 112.51 and 
106.31g, respectively.
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Table 4. Mean, standard deviation (SD) and Scott-Knott (SK) test of 33 peaches (Prunus persica) 
and nectarines (P. persica var. nuscipersica) cultivars and selections, for features associated to the 
phenological development and productivity: blooming and harvest season (Julian’s day), yield (kg.
tree-1) and fruit weight (g). Capão Bonito, SP, Brazil, 2009 – 2017.

Cultivar
Blooming Harvest Yield Fruit Weight

Mean SD SK Mean SD SK Mean SD SK Mean SD SK 
Diamante 206.24 10.9 b 319.44 12.0 b 7.99 2.37 c 94.31 19.44 b
Eldorado 212.45 10.9 a 326.06 19.9 a 5.20 1.84 d 114.05 33.03 a

Fla 84-16N 197.07 11.7 d 289.90 11.4 h 6.96 3.19 d 76.44 13.23 d
FlordaPrince 193.78 7.1 d 292.24 11.0 g 8.71 3.64 c 78.00 8.62 d
IAC 1085-26 194.54 12.4 d 299.37 12.3 f 11.10 3.94 b 74.06 12.05 d
IAC 1085-27 192.78 7.8 e 303.45 10.5 e 9.84 4.08 c 65.32 13.99 e
IAC 1880-62 187.45 11. 9 f 297.84 13.0 f 11.43 5.16 b 89.58 17.84 c
IAC 2680-91 192.25 10.0 e 296.35 10.5 f 10.84 4.29 b 79.50 13.46 d
IAC 2982-24 189.22 8.9 f 297.93 12.7 f 8.99 4.82 c 71.29 13.61 d
IAC 2982-31 189.05 9.5 f 293.97 8.9 g 14.08 5.49 a 75.07 11.98 d
IAC 2982-32 188.32 11.5 f 290.64 9. 6 h 10.32 3.39 b 89.26 12.49 c
IAC 4682-45 190.36 7.6 e 296.90 9.7 f 7.92 3.08 c 76.17 15.02 d
IAC 5480-19 194.75 11.9 d 291.97 12.3 g 8.89 3.51 c 72.22 16.11 d
IAC 680-177 190.82 6.7 e 301.56 10.5 e 8.85 3.34 c 65.40 14.68 e
IAC 6882-37 186.48 8.6 f 295.52 9.2 g 11.09 4.41 b 80.42 16.43 d
IAC 6882-84 190.61 7.0 e 297.42 11.2 f 7.92 3.39 c 72.41 15.02 d
IAC 6982-2 191.02 11.9 e 298.12 11.6 f 9.85 3.31 c 68.48 12.06 e
IAC 785-9 186.18 8.7 f 292.69 11.8 g 13.92 5.43 a 78.21 14.56 d

IAC Aurora-1 190.40 4.8 e 301.72 11.4 e 12.58 4.66 a 69.26 13.64 e
IAC Aurora-2 189.11 4.3 f 297.11 9.5 f 14.32 5.52 a 71.01 12.62 d

IAC Big Aurora 188.55 8.0 f 294.03 11.2 g 8.62 3.66 c 67.38 17.21 e
IAC Centenária 194.43 7.0 d 300.86 9.1 e 6.21 2.51 d 57.29 9.80 e
IAC Centenário 188.41 5.3 f 295.72 12.9 g 12.86 4.71 a 90.98 11.81 c
IAC Douradão 190.83 5.3 e 302.47 11.6 e 8.38 3.08 c 98.36 15.09 b

IAC Jóia-2 193.59 9.0 d 297.65 11.3 f 10.54 3.72 b 84.44 11.99 c
IAC Jóia-4 199.55 11.6 c 303.52 9.3 e 15.41 5.86 a 73.29 12.48 d

IAC Ouromel-3 190.59 15.2 e 312.89 13.4 c 12.81 5.61 a 71.67 10.43 d
IAC Ouromel-4 195.11 13.4 d 306.51 18.3 d 10.98 5.22 b 72.99 15.67 d

IAC Régis 180.76 10.0 h 287.09 8.2 i 15.05 5.57 a 86.03 14.47 c
IAC Tropical-2 184.78 9.4 g 288.67 12.6 h 7.96 3.93 c 70.16 15.54 e

Premier 196.52 11.1 d 303.33 11.0 e 9.11 2.92 c 96.92 23.59 b
Sunripe 208.18 12.6 b 306.36 17.5 d 4.28 2.47 d 72.60 18.50 d

Tropic Beauty 181.58 10.9 h 285.45 8.3 i 12.88 5.62 a 83.64 18.11 c
All 192.30 11.8 298.93 14.2 10.18 5.04 78.37 18.10

Cultivars with the same letter in column are not significantly different by Scott-Knott test (p ≥ 0.05).

The cultivars ‘Diamante’, ‘Eldorado’, ‘IAC 
Douradão’, ‘IAC Régis’ and ‘Premier’ 
showed the highest averages for charac-
teristics associated with fruit size (Table 
5). No selections were classified into the 
group with the best fruit width. Regarding 
the soluble solid contents, the cultivar with 

the highest value was ‘IAC Centenária’, 
along with 7 cultivars and selections. The 
‘IAC Douradão’ presented average of 10.99 
°Brix of soluble solid contents. This result 
is in line with those showed by Nava et al. 
(2020; °Brix: 10.0 and 13.3, respectively in 
2016 and 2017).
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Table 5. Mean, standard deviation (SD) and Scott-Knott (SK) test of 33 peaches (Prunus persica) and 
nectarines (P. persica var. nuscipersica) cultivars and selections, for features associated to the fruit 
quality: fruit height (mm), fruit width (mm) and soluble solid (⁰Brix). Capão Bonito, SP, Brazil, 2009 
– 2017.

Cultivar
Fruit Height Fruit Width Soluble Solid

Mean SD SK Mean SD SK Mean SD SK
Diamante 116.78 5.99 a 111.55 5.33 a 11.49 1.18 b
Eldorado 114.86 7.41 b 111.21 9.02 a 11.33 1.20 b

Fla 84-16N 105.47 4.24 d 100.82 5.59 c 11.21 1.82 b
FlordaPrince 105.90 7.67 d 102.35 4.26 c 12.07 2.20 a
IAC 1085-26 107.81 5.58 d 99.69 5.47 c 9.93 2.72 d
IAC 1085-27 92.50 7.25 f 94.35 5.72 d 11.90 1.72 a
IAC 1880-62 111.71 6.88 c 108.64 6.98 a 11.36 1.43 b
IAC 2680-91 107.46 9.11 d 103.65 7.31 b 11.52 1.20 b
IAC 2982-24 98.20 8.47 e 96.50 8.35 d 11.40 2.11 b
IAC 2982-31 111.18 6.07 c 100.16 5.93 c 10.58 1.26 c
IAC 2982-32 110.59 5.70 c 98.92 6.19 c 11.53 1.37 b
IAC 4682-45 100.21 17.17 e 94.38 9.62 d 11.99 1.26 a
IAC 5480-19 108.26 8.10 d 98.69 6.07 c 9.97 2.75 d
IAC 680-177 93.26 5.45 f 95.92 5.90 d 11.81 1.92 a
IAC 6882-37 109.98 6.74 c 104.94 6.10 b 11.11 1.23 b
IAC 6882-84 100.66 9.71 e 100.05 6.87 c 12.24 1.38 a
IAC 6982-2 106.83 8.64 d 98.22 5.58 c 10.80 1.86 c
IAC 785-9 108.32 5.97 d 101.55 5.75 c 10.66 1.45 c

IAC Aurora-1 105.69 5.89 d 97.06 5.86 d 10.06 1.88 d
IAC Aurora-2 106.60 6.55 d 98.79 6.42 c 9.82 1.17 d

IAC Big Aurora 99.04 12.99 e 95.46 6.54 d 12.43 1.58 a
IAC Centenária 89.49 6.11 f 93.59 5.01 d 12.55 2.98 a
IAC Centenário 108.20 6.72 d 103.66 7.04 b 11.05 1.14 b
IAC Douradão 119.77 6.47 a 109.81 6.38 a 10.99 1.67 b

IAC Jóia-2 111.14 5.57 c 102.73 6.01 b 10.33 1.87 c
IAC Jóia-4 113.39 5.73 b 101.04 5.41 c 10.44 1.02 c

IAC Ouromel-3 96.78 3.89 e 103.45 4.59 b 12.22 1.08 a
IAC Ouromel-4 104.94 9.14 d 99.70 9.97 c 11.22 1.42 b

IAC Régis 105.14 5.95 d 108.97 6.04 a 10.08 2.45 d
IAC Tropical-2 100.51 4.44 e 98.31 6.03 c 10.55 2.81 c

Premier 118.45 8.29 a 108.85 9.29 a 11.42 1.29 b
Sunripe 101.11 8.41 e 95.28 5.20 d 11.67 1.72 b

Tropic Beauty 104.91 6.46 d 104.99 6.56 b 9.12 2.24 d
All 105.91 10.10 101.31 8.05 11.12 1.97

Cultivars with the same letter in column are not significantly different by Scott-Knott test (p ≥ 0.05).

The first two Principal Component’s scores de-
scribed how the rainfall, minimum and maxi-
mum air temperatures affected the cultivars 
harvest season, yield, fruit weight and soluble 
solids (Figure 4 A to D). The rainfall’s vectors 
were higher than those of the minimum and 
maximum air temperatures. The cultivars ‘IAC 

Jóia2’, ‘IAC Ouromel4’ and ‘Sunripe’ had their 
harvest season increased as the rainfall in-
creased (Figure 4A). However, the maximum 
temperature reduced the harvest season of 
‘IAC 4682-45’ selection. The yield was an in-
creasing function of the rainfall (‘IAC 26-80-
91’, IAC 6882-84’, ‘IAC Aurora1’ and ‘IAC Big 
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Aurora’), the minimum temperature (‘IAC 
2982-24’, ‘IAC 2982-31’, ‘IAC 2982-32’, ‘IAC 
Aurora2’, ‘IAC Centenário’, ‘IAC Régis’ and 

‘Sunripe’), and the maximum temperature 
(‘IAC 2982-31’, ‘IAC 2982-32’, ‘IAC Centenário’ 
and ‘Sunripe’; Figure 4B).

A B

C D

Figure 4. The first two Principal Component’s scores describing the effect of the rainfall (mm), mini-
mum and maximum air temperatures (°C) in to harvest season (A - Julian’s day), yield (B - kg.tree-1), 
fruit weight (C - g) and soluble solids (D - ⁰Brix) of 33 peaches (Prunus persica) and nectarines (P. 
persica var. nuscipersica) cultivars and selections. Cultivar: 1. ‘Diamante’; 2. ‘Eldorado’; 3. ‘Fla 84-
16N’; 4. ‘FlordaPrince’; 5. ‘IAC 1085-26’; 6. ‘IAC 1085-27’; 7. ‘IAC 1880-62’; 8. ‘IAC 2680-91’; 9. ‘IAC 
2982-24’; 10. ‘IAC 2982-31’; 11. ‘IAC 2982-32’; 12. ‘IAC 4682-45’; 13. ‘IAC 5480-19’; 14. ‘IAC 680-
177’; 15. ‘IAC 6882-37’; 16. ‘IAC 6882-84’; 17. ‘IAC 6982-2’; 18. ‘IAC 785-9’; 19. ‘IAC Aurora 1’; 20. 
‘IAC Aurora 2’; 21. ‘IAC Big Aurora’; 22. ‘IAC Centenária’; 23. ‘IAC Centenário’; 24. ‘IAC Douradão’; 
25. ‘IAC Jóia 2’; 26. ‘IAC Jóia 4’; 27. ‘IAC Ouromel 3’; 28. ‘IAC Ouromel 4’; 29. ‘IAC Régis’; 30. ‘IAC 
Tropical 2’; 31.‘Premier’; 32. ‘Sunripe’; 33. ‘Tropic Beauty’. Capão Bonito, SP, Brazil, 2009 – 2017.

The fruit weight of ‘IAC Jóia2’ cultivar was 
negatively affected by the increase of rain-
fall, while the ‘IAC 1085-27’ and ‘IAC 2982-
24’ selections were positively affected by 

the increase of air temperature values 
(Figure 4C). The soluble solids had their 
values decreased by the increase of rain-
fall for ‘IAC 2982-32’, ‘IAC Big Aurora’, ‘IAC 
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Ouromel3’ and ‘IAC Tropical2’ (Figure 4D). 
However, the soluble solids increased with 
the increase of air temperature values (‘IAC 
1085-26’, ‘IAC Douradão’, ‘IAC Régis’ and 
‘Premier’).

The Kaiser’s criterion indicated that two (in 
2009 to 2011, and 2013 to 2016) and three 
(in 2012 and 2017) principal components 
(PC) explain the most data variability (from 
51 to 80%; Table 6). Considering all char-
acteristics and years, the three first PCs 
explained, respectively, 37.11, 21.40 and 

17.73% of the data variability, being the cu-
mulative variance equal to 76.24% (Table 7 
and Figure 5).

The PC1 can be understood as the contrast 
among the tree height, tree width, rootstock 
diameter, scion diameter, yield and fruit 
width versus soluble solid. The PC2 corre-
sponded to the contrast among fruit weight, 
fruit height and fruit width versus tree height 
and soluble solid; and the PC3 among root-
stock diameter, scion diameter, blooming, 
harvest and soluble solid versus yield.

Table 6. Cumulative Proportion and Kaiser’s criterion values of the principal components (PC) of fea-
tures associated to the vegetative development, phenology and fruit characteristics of 33 peaches 
(Prunus persica) and nectarines (P. persica var. nucipersica) cultivars and selections. Capão Bonito, 
SP, Brazil, 2009 – 2017.

Importance of 
components PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8

2009
Cum. Proportion 0.5147 0.7790 0.8746 0.9398 0.9912 1.0000
Kaiser’s criterion 3.0880 1.5858 0.5735 0.3916 0.3085 0.0526

2010
Cum. Proportion 0.3413 0.5979 0.7106 0.8062 0.8911 0.9448 0.9782 1.0000
Kaiser’s criterion 2.7305 2.0530 0.9013 0.7650 0.6822 0.4263 0.2674 0.1742

2011
Cum. Proportion 0.4930 0.6955 0.8826 0.9586 1.0000
Kaiser’s criterion 2.4651 1.0126 0.9351 0.3802 0.2070

2012
Cum. Proportion 0.3111 0.4841 0.6538 0.8063 0.9408 1.0000
Kaiser’s criterion 1.8667 1.0380 1.0184 0.9148 0.8069 0.3554

2013
Cum. Proportion 0.3655 0.5710 0.7069 0.8253 0.8959 0.9660 1.0000
Kaiser’s criterion 2.5587 1.4387 0.9512 0.8283 0.4944 0.4909 0.2378

2014
Cum. Proportion 0.2665 0.5116 0.6474 0.7640 0.8778 0.9512 1.0000
Kaiser’s criterion 1.8655 1.7159 0.9502 0.8166 0.7968 0.5135 0.3416

2015
Cum. Proportion 0.3773 0.6247 0.8132 0.9585 1.0000
Kaiser’s criterion 1.8865 1.2369 0.9427 0.7262 0.2076

2016
Cum. Proportion 0.2947 0.5432 0.7366 0.8884 1.0000
Kaiser’s criterion 1.4732 1.2425 0.9673 0.7589 0.5580

2017
Cum. Proportion 0.3626 0.5922 0.8020 0.9378 1.0000
Kaiser’s criterion 1.8128 1.1480 1.0493 0.6788 0.3111

Table 7. Characteristics and loadings of the three first principal components (PC) of features associ-
ated to the vegetative development (Tree height – TH; Tree width – TW; Rootstock diameter – RD; 
Scion diameter – SD), phenology (Blooming – B; Harvest – H), productivity (Yield – Y; Fruit weight 
– FW) and fruit characteristics (Fruit height – FH; Fruit width – FD; Soluble solid – SS), of 33 peaches 
(Prunus persica) and nectarines (P. persica var. nuscipersica) cultivars and selections. Capão Bonito, 
SP, Brazil, 2009 – 2017.

Characteristics Loadings
Cumulative
proportion

Kaiser’s
criterion TH TW RD SD B H Y FW FH FD SS

PC1 0.3711 4.0818 -0.4124 -0.3521 -0.4036 -0.3863 0.2218 0.1672 -0.3687 -0.0349 -0.0687 -0.3456 0.2508
PC2 0.5851 2.3541 0.2314 0.1357 0.1206 0.1095 -0.1031 -0.0761 -0.0854 -0.5896 -0.6011 -0.3377 0.2340
PC3 0.7624 1.9502 -0.1615 -0.1542 -0.2415 -0.3029 -0.5677 -0.5920 0.2535 -0.0565 -0.0349 -0.1051 -0.2182
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Figure 5. Cultivar’s dispersals according the three first Principal Component’s scores of 33 peaches 
(Prunus persica) and nectarines (P. persica var. nuscipersica) cultivars and selections. Capão Bonito, 
SP, Brazil, 2009 – 2017.

Cultivar’s dispersal according to the three first 
principal components scores shows that the 
cultivars ‘Diamante’ and ‘Eldorado’ formed an 
external group, and the other cultivars and se-
lection formed a single cloud of points (Figure 
5). The formation of the external group was, 
probably, the result of features related to phe-
nological development and productivity. The 
‘Diamante’ and ‘Eldorado’ cultivars required 
long periods for flowering and harvesting sea-
sons in contrast to the low productivity by tree.

Conclusion
‘IAC Régis’ is the best cultivar for vegeta-
tive development, followed by ‘IAC Aurora 
1’, ‘IAC Aurora 2’, ‘IAC Centenário’ and 
‘IAC Jóia 4’. ‘IAC Régis’ and ‘Tropic Beauty’ 
show the earliest blooming and harvest 
seasons. ‘IAC Jóia 4’ present the best yield 
by tree, whiles ‘Eldorado’ presents the 
best fruit weight. ‘Diamante’ and ‘Premier’ 
are the most stable cultivar for fruit quali-
ty characteristics.
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A large number of selections shows promis-
ing results. ‘IAC 680-177’ outstand for vege-
tative development; ‘IAC 2982-31’ for yield 
by tree, along with ‘IAC 785-9’; and, ‘IAC 
1085-27’, ‘IAC4682-45’, ‘IAC 680-177’ and 
‘IAC 6882-84’ for fruit quality characteristics.
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