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AGRONOMY (AGRONOMIA)

ABSTRACT: The Acre State, Brazil, has edaphoclimatic conditions suitable for the cultivation of sweet orange trees; however, 
production is limited by the lack of genotypes adapted to the region. The aim of this study was to evaluate the production and 
quality of sweet orange fruits grafted onto ‘Rangpur’ lime, in order to identify promising genotypes that could be used as a cultivar. 
The experiment was carried out between 2010 and 2012 in the experimental field of Embrapa, AC, Brazil, in a randomized block 
design, with 19 genotypes and local Aquiri cultivar. These were propagated by budding, originated from matrices propagated by 
seeds, and were selected from nine municipalities of Acre, Brazil. A total of 20 treatments with three replications were used in this 
study. The number of fruits per plant, production per plant, productivity, and fruit quality (fruit mass, longitudinal and transversal 
fruit diameter, peel thickness, juice yield, soluble solids, titratable acidity, quotient between soluble solids and titratable (ratio), 
and technological index) were evaluated. Joint analysis of variance and Scott-Knott tests were performed to compare means, as 
well as Pearson’s correlation and cluster tests, using the Ward method and Mahalanobis distance. The sweet orange genotypes 
6, 8, 9, 52, and Aquiri cultivar presented the best productivity indicators, with average values   above the national productivity. The 
isolated effect of the year factor showed a greater number of fruits, production per plant, and productivity in the 2010 harvest.
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Produção e qualidade de frutos de genótipos de laranjeiras-doce selecionados 
para o estado do Acre

RESUMO: O estado do Acre apresenta condições edafoclimáticas adequadas para o cultivo de laranjeiras-doce, entretanto, a 
falta de genótipos adaptados à região limita a produção.  Objetivou-se avaliar a produção e a qualidade de frutos de laranjeiras-
doce enxertadas sobre limoeiro ‘Cravo’, visando identificar genótipos promissores que possam ser lançados como cultivar. O 
experimento foi realizado entre os anos de 2010 e 2012 no campo experimental da Embrapa, AC, Brasil, em delineamento em 
blocos casualizados, com 19 genótipos, mais a cultivar Aquiri, propagados por enxertia, originários de matrizes seminíferas, 
selecionadas em 9 municípios do Acre, totalizando 20 tratamentos com três repetições. Foram avaliados o número de frutos por 
planta, produção por planta, produtividade e os aspectos qualitativos, massa média, comprimento e diâmetro médio dos frutos, 
espessura da casca, rendimento do suco, sólidos solúveis totais, acidez total titulável, ratio e índice tecnológico. Foi realizada 
análise de variância conjunta e teste de Scott-Knott para a comparação das médias bem como a correlação de Pearson e teste 
de agrupamento pelo método de Ward.  Os genótipos de laranja-doce 6, 8, 9, 52 e cv. Aquiri foram aquelas que apresentaram os 
melhores indicadores produtivos, com valores médios acima da produtividade nacional. O efeito isolado dos anos demonstrou 
maior número de frutos, produção por planta e produtividade na safra de 2010. 
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Introduction
Citriculture is one of the most important agricultural 

activities for fruit growth (Panta & Santos Sobrinho, 2019); 
sweet orange (Citrus sinensis (L.) Osbeck) is the main species 
of the Citrus genus and is the most produced fruit in the 
world (Coelho et al., 2019). According to FAO estimates 
for 2019 (2020), the American continent is responsible for 
approximately 40.4% of global orange production; Brazil being 
the largest producer and exporter, with approximately 17.03 
million tons produced annually.

Sweet orange crops are cultivated in all Brazilian regions 
but the states of São Paulo, Minas Gerais, and Paraná are the 
main producers, producing 14.9, 0.99 and 0.80 million tons, 
respectively, anually (IBGE, 2020). Sweet orange is the second 
most cultivated fruit species in the state of Acre, Brazil, only 
behind bananas (IBGE, 2020); however, this production does 
not meet local demand, making it necessary to import fruits 
from other producing states.

Despite the fact that the Acre State has edaphoclimatic 
conditions favorable to the expansion of citriculture, there 
is a lack of information on the adaptation and productive 
performance of the various cultivars used by local producers 
(Ledo et al., 1999). This fact, associated with the low 
technological level of the production system and planting 
of non-adapted genotypes, is a limiting factor for orange 
productivity (Silva et al., 2017).

The yield and quality of sweet orange fruits are associated 
with factors such as soil fertility, fertilization management, 
pest and disease control, water regime, irrigation practices, 
and use of superior adapted genotypes (Carvalho et al., 2020). 
Thus, the diversification of genetic materials and combinations 
of canopy and rootstock can contribute to increased fruit yield 
and quality (Carvalho et al., 2019).

In this sense, Embrapa Acre, aiming to enhance the 
cultivation of sweet orange crops in the Acre State, has been 
selecting genetic materials in the field, seeking potentially 
productive plants with quality fruits that are superior to those 
already found in the region, and has consequently expanded 
the number of cultivars recommended for the region 
(Negreiros et al., 2014).

This selection was initiated by Gondim et al. (2001), who 
carried out expeditions in nine municipalities in Acre State, 
Brazil, and collected the vegetative buds of 54 genotypes from 
local matrices and propagated seeds. The selected genotypes 
were evaluated in 2002 in the experimental field of Embrapa 
Acre; from this first group, 19 genotypes, as they presented 
the best productive indicators, were selected for this trial.

The objective of this study was to evaluate the productive 
performance and fruit quality of 20 sweet orange genotypes 
in three consecutive harvests under the edaphoclimatic 
conditions of the Acre State.

Materials and Methods
The experiment was conducted over three consecutive 

years (2010, 2011, and 2012) at the Experimental Field of 

Embrapa Acre, Rio Branco, AC, Brazil (10º01’49”S, 67º41’08”W, 
altitude of 159 m). The local climate, according to Köppen’s 
classification, is of the Am type: tropical monsoon, with 
annual rainfall ranging between 1,900 and 2,200 mm and 
average temperatures between 24 and 26 °C (Alvares et al., 
2013), and relative air humidity of approximately 83% (Inmet, 
2019). The monthly average temperature and monthly 
average precipitation data during the trial evaluation period 
are shown in Figure 1.

The soil in the experimental area is classified as Oxisol 
(with a medium clayey texture and is well drained (Santos 
et al., 2018). Before the installation of the experiment, a 
chemical analysis of the soil was carried out (up to 0.4 m in 
depth), indicating the following characteristics: pH (in H2O) of 
5.2; 0.17 cmol kg−1 of K; 3.70 cmol dm−3 of Ca; 1.49 cmol dm−3 
of Mg; 0.14 cmol dm−3 of Al; 2.57 cmol dm−3 of H+Al; 7.27 g 
kg−1 of organic carbon; CTC of 5.5 cmolc dm−3 and 68% base 
saturation (Negreiros et al., 2014).

The experiment was set up in February 2000, at 8.0 × 8.0 m 
spacing, in randomized blocks, with 55 treatments and three 
replications using one plant per replication (Gondim et al., 2001). 
However, in the present study, 19 genotypes of sweet orange 
trees were considered, at 10 years of age, multiplied by grafting 
on the ‘Rangpur’ lime (Citrus limonia Osb.), in addition to the 
Aquiri cultivar recommended for the Acre State (Ledo et al., 
1997). These genotypes, identified by the labels from previous 
field work, were selected from nine municipalities in Acre, 
Plácido de Castro (genotypes 4, 6, and 8), Senador Guiomard 
(genotypes 9, 11, and 13), Capixaba (genotypes 19 and 22), 
Xapuri (genotypes 24 and 25), Sena Madureira (genotypes 
33 and 38), Brasiléia (genotypes 39 and 40), Epitaciolândia 
(genotypes 44, 46, and 47), Porto Acre (genotypes 49 and 52), 
and the local Aquiri cultivar of Rio Branco (Gondim et al., 2001).

The harvest time of most of these genotypes was 
distributed betwen March to August, concentrated in the 
months between April to July. In addition to the genotypes 
already identified by Gondim et al. (2001), they can be classified 
as early (genotype 8), mid-season (genotypes 4, 6, 11, 19, 24, 
25, 33, 39, 40, 46, 47, 49, and Aquiri cultivar), late (genotypes 
13, 22, and 38), and continuous (genotypes 9, 44, and 52). The 

Source: Embrapa Acre meteorological station (2017).

Figure 1. Monthly average precipitation (mm) and monthly 
average temperature (°C) occurred in Rio Branco, AC, Brazil, 
during the experiment period. 
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crop was managed following the recommendations of Ledo et 
al. (1997), for citrus cultivation under rainfed conditions.

During three consecutive harvests (2010, 2011, and 2012), 
the productive characteristics and quality of the fruits were 
evaluated, that is, the number of fruits per plant, fruit mass, 
production per plant, productivity, longitudinal fruit diameter, 
transversal fruit diameter, juice yield, peel thickness, 
soluble solids (SS), titratable acidity (TA), SS/TA (ratio), and 
technological index (TI).

Fruit mass and juice yield were determined by weighing on 
a precision scale, and the peel thickness was measured using 
a digital caliper. Soluble solids, in °Brix, were determined by 
direct reading using a digital pocket refractometer. The titratable 
acidity of the juice was determined by titration with a 0.1 N 
NaOH solution and phenolphthalein indicator (AOAC, 2012). The 
ratio was determined by the SS/TA ratio, and the technological 
index (TI) was calculated according to Fadel et al. (2018): 

TI = juice yield × soluble solids × 40.8 × 10000

where: 40.8 refers to the standard weight (kg) of the orange 
harvest box.

The data obtained were submitted to the normality of 
residuals and homogeneity of variance tests. Next, joint 
analysis and individual per year (F test) were performed at 
5% probability, and when the F test showed significance, 
the means were compared using the Scott-Knott test at 5% 
probability. The correlation between the productives and 
fruit variables was determined and presented graphically in 
a correlation network using Rbio software (Bhering, 2017); 
as well as cluster analysis using the Ward method with 
Mahalanobis distance, using Genes software (Cruz, 2013), for 
the delineation of groups of genotypes that presented similar 
characteristics.

Results and Discussion
The individual and joint analysis of data from the three 

harvests revealed a significant effect of the F test at 5% 
probability for all characteristics analyzed (Table 1). The 
isolated effects of years and genotypes on the production 
and fruit quality of sweet orange genotypes, and interactions 
between genotype and year for the circumference and mean 
diameter of the fruits were observed (Table 1).

Means followed by equal letters in the column do not differ by the Skott-Knott test at 5% probability; CV%: coefficient of variation; ns: not significant; * significant at 5% by F test.

Table 1. Joint analysis of the number of fruits per plant (NFP), fruit mass (FM), yield per plant (YPP), yield (Y), longitudinal fruit 
diameter (LFD), transversal fruit diameter (TFD), juice yield (JY), peel thickness (PT), soluble solids (SS), titratable acidity (TA), 
ratio (SS/TA) and technological index (TI) of 19 sweet orange genotypes, and Aquiri cultivar, evaluated for three consecutive 
years in the Acre State, Brazil.
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Regarding the effect of years, it was found that the best 
production indicators were obtained in the 2010 harvest. 
The harvest for that year had the highest number of fruits 
per plant (1,352.50), production per plant (264.96 kg), and 
productivity (41.33 t ha−1), which corresponded to respective 
increases of 61, 52, and 56% over the 2012 harvest, which had 
the lowest rates. On the other hand, the mass and transversal 
diameter of the fruits, as well as the juice yield, were higher 
in 2012, showing negative correlations with the production 
indicators. These results may be associated with the distinct 
climatic conditions that occurred, particularly in precipitation, 
which was higher in 2012.

Although the appearance of the fruit has been 
considered important, mainly for fresh consumption, the 
ratio, technological index, and fruit juice yield are the most 
important factors examined when selecting genotypes.

The peel thickness ranged from 3.62 mm in 2012 to 4.41 
mm in 2011. This morphological characteristic is important 
for the selection of new cultivars, as it is directly related to 
transport resistance and juice yield. Fruits with thin skin 
can suffer mechanical damage during transport; however, 
they have increased juice yield and are preferred for fresh 
consumption, given the facility of peeling.

Characteristics such as the number of fruits per plant 
(NFP) and yield per plant (YPP) were positively correlated 
with total fruit yield (Y) (Gonçalves et al., 2018). However, the 
annual reduction in NFP and TFY favored an increase in fruit 
mass (FM) and longitudinal fruit diameter (LFD), which was 
significantly higher in 2012 (Table 1).

In addition to the productive characteristics, qualitative 
variables for the fruits, the soluble solids (SS) and ratio (SS/TA) 
were also higher in 2012. The smaller amount of fruits present 
in the plants in 2012 may have increased the SS content and TA 
ratio, by reducing competition for photoassimilates, relative 
to previous years.

Kirinus et al. (2019) reported that, in early years, the 
development of sweet orange plants may be influenced by 
the environmental characteristics of the cultivation site, in 
addition to the type of canopy and rootstock used; these 
can determine whether fruits ripen early, middle, or late in 
the season. On the other hand, Beber et al. (2018) reported 
that the use of the same rootstock for different genotypes 
can ensure low variabilities in production. Studies evaluating 
different rootstocks are important for the material selection 
process because this factor directly influences the production 
performance of the crop.

The total acidity ranged from 0.74% in 2010 to 0.87% in 
2011, which is considered adequate for table oranges (0.6% to 
0.9%). Variations in total acidity levels are recurrent, as they 
are easily altered by climatic factors or crop management. 
Citric acid is the main organic acid found in orange juice and 
is responsible for total acidity. This organic acid participates 
in the Krebs respiratory cycle and can be converted to sugars 
during this metabolic process. Thus, high-temperature peaks 
during the fruit maturation phase (stage III) can reduce this 
compound in the fruit.

Legua et al. (2013) reported that soluble solids and titratable 
acidity are important parameters that serve as references for 
sweet orange fruits quality, and that the relationship between 
them is the best indicator to estimate the physiological 
maturity level of the fruits. Low ratio values, such as those 
found in genotypes 13, 25, and 38, may indicate that they 
were not yet suitable for harvesting, with the characteristics 
of unripe fruits; because, according to Teodoro et al. (2020), 
early harvests affect the quality of the fruit, resulting in poor 
juice quality. When harvested at a appropriate time, suitable 
ratio values are obtained.

The technological index, or amount of total soluble solids 
per 40.8 kg box, was significantly higher in 2012, reaching the 
value of 1.8 kg per box, followed by 2010 and 2011, at 1.59 
and 1.51 kg per box, respectively. These results are associated 
with the increase in the average total soluble solids in the 
fruits harvested in the 2012 harvest, which was 8.6% higher 
than the 2010 harvest and 8.4% higher than that in 2011. 
Soluble solids and titratable acidity are directly linked to the 
concentration of sugars and citric acid in the fruits; therefore, 
together with the ratio, they are essential qualitative indicators 
in the selection of new cultivars.

Genetic variability was found between the the genotypes 
of each harvest (Table 2), especially for acidity, soluble solids, 
and ratio.  Few variations were observed among the genotypes 
for the production variables: number of fruits per plant, 
average fruit mass, productivity per hectare, longitudinal fruit 
diameter, transversal fruit diameter, and juice yield.

In the 2010 harvest, of the 12 variables evaluated, only fruit 
mass, longitudinal fruit diameter, transversal fruit diameter, 
and titratable acidity were influenced by the genotype. There 
was no effect on the number of fruits per plant, production 
per plant, yield, juice yield, peel thickness, soluble solids, 
titratable acidity, or ratio. For the following year, 2011, there 
were variations only in the content of soluble solids, titratable 
acidity, ratio, longitudinal fruit diameter and transversal fruit 
diameter. For the 2012 harvest, 50% of the variables were 
influenced by genotypes, with no effect on the number of 
fruits per plant, production per plant, productivity, juice yield, 
peel thickness, or technological index.

In general, in the 2010 harvest, genotypes 6, 9, 19, and 
40, and the Aquiri cultivar showed the best productive and 
fruit quality characteristics; in the 2011 harvest, the best 
results were obtained with genotypes 6 and 8 and in 2012, 
with genotypes 6, 8, and 4. Thus, it appears that genotype 6 
presents the desirable characteristics of an suitable cultivar, 
with appropriate productivity, over the years, with fruits that 
meet the standard of quality demanded by the consumer 
market; similar to the Aquiri cultivar, which is recommended 
for the Acre State, Brazil.

Costa et al. (2018) reported that the fruit yield and its 
respective quality characteristics are essential factors that 
must be analyzed during the selection of new cultivars, 
and that they must meet the standards established by the 
industry, as well as fresh consumption, according to consumer 
requirements. Of the 19 genotypes, in addition to the Aquiri 
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Table 2. Number of fruits per plant (NFP), fruit mass (FM), yield per plant (YPP), yield (Y), longitudinal fruit diameter (LFD), 
transversal fruit diameter (TFD), juice mass (JM), peel thickness (PT), soluble solids (SS), titratable acidity (TA), ratio (SS/TA) and 
technological index (TI) of 19 sweet orange genotypes, and Aquiri cultivar, evaluated for three consecutive years (2010, 2011 
and 2012) in the Acre State, Brazil.

Means followed by equal letters in the column do not differ by Scott-Knott test at 5% probability.
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cultivar, 95% met the minimum values required by Normative 
Instruction number 37, of October 1, 2018, of the Ministry 
of Agriculture, Livestock and Supply (Brazil, 2018), with ratio 
values above 9.0 and an average fruit mass above 200 g.

The averages of the joint analysis of data from the three 
consecutive harvests (2010, 2011, and 2012) demonstrate that 
genotypes 6, 8, 9, and 52, as well as the cultivar Aquiri, are the 
ones with the best averages for the number of fruits per plant, 
production per plant, productivity, and technological index, 
showing high potential for launch as commercial cultivars in 
the state of Acre.

The genotypes mentioned above (6, 8, 9, 52) had an 
average yield of 35 t ha−1, productivity that is 26.3% higher 
than the average for the other genotypes. This yield is 21% 
higher than the national average (29 t ha−1), 37% higher than 
the average for the northern region (20 t ha−1) and 241% higher 
than the average for the state of Acre (15 t ha−1) (IBGE, 2019). 
In addition to adequate productive characteristics, these 
genotypes meet the Brazilian federal legislation for minimum 
fruit size, titratable acidity (Couto et al., 2018), soluble solids, 
and ratio (Brasil, 2018).

Although it presents good results in general, it is 
noteworthy that genotypes 6 and 8 had a lower yield than 
the other materials evaluated. Genotypes 9 and 6 had thicker 
husks, which, despite being a desirable characteristic during 
transport, is not desirable by the industry because it reduces 
the juice yield.

The significance of the G × Y interaction indicates that the 
years 2011 and 2012 provided conditions for most genotypes 
to express the maximum longitudinal diameter of the fruit. 
Of the 20 materials evaluated, 14 had the highest values in 
the 2012 harvest, with averages ranging from 72 to 76 cm for 

genotypes 49 and 4, respectively. From this set, genotypes 
4, 9, 13, 22, 39, 46, and 49 stands out, which maintained 
the averages obtained in the previous year’s harvest, 
demonstrating stability for these characteristics.

Genotypes 9, 13, and 49 maintained the same means, 
regardless of the year of cultivation. Crasque et al. (2020) 
pointed out that the longitudinal and transversal diameter of 
the fruits, as well as the fruit mass, are parameters used to 
qualify the fruits and, consequently, to allocate them to the 
industry or fresh market. Therefore, sudden variations in the 
phenotypic characteristics between one year and another are 
not desirable, as both the industry and the fresh consumer 
have prioritized the maintenance of physical, sensory, visual, 
and performance characteristics. However, even with the 
adoption of appropriate cultural practices, these changes may 
occur, mainly reflecting edaphoclimatic variations or those 
inherent to the crop system.

Distinct results were observed for the transversal diameter 
of the fruit, for which most genotypes (40%) were statistically 
higher in the 2010 harvest. The transversal diameter of the 
fruit from that year was 72 cm, with variations between 67.58 
and 76.89 cm for genotypes 33 and 40, respectively.

Within each year, it was found that genotypes 6, 8, 9, 
13, 19, 22, and 40, in addition to the Aquiri cultivar, had 
greater transversal fruit diameter during the three harvests, 
demonstrating that there were few variations in this attribute, 
regardless of climatic conditions or intraspecific competition 
for water, light, and nutrients.

Continella et al. (2018) studied the influence of different 
rootstocks on the precocity productivity and quality of sweet 
orange fruits. They observed that it was among the possible 
factors (such as soil conditions) that potentially limit various 

Means followed by the same uppercase letter in the column and lowercase letter in the row do not differ by Scott-Knott test at 5% probability.

Table 3. Unfolding genotype x year interactions to the longitudinal fruit diameter (LFD) and transversal fruit diameter (TFD) of 19 
sweet orange genotypes, and Aquiri cultivar, evaluated for three consecutive years (2010, 2011 and 2012) in the Acre State, Brazil.
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vegetative aspects, including productivity and fruit quality. 
Therefore, it is necessary to understand the cultivation 
requirements for each genotype so that they can be cultivated 
at suitable sites and, later, fulfill their productive potential.

The Pearson correlation network, established between 
pairs, for the phenotypic variables of the studied genotypes, is 
shown in Figure 2. The red and green lines represent negative 
and positive correlations, respectively, and the thickness of the 
connecting lines demonstrates the intensity of the correlation 
between the variables. 

It was possible to detect the presence of strong, weak, 
positive, and negative correlations among all variables. In the 
central and left peripheral regions of the figure are variables 
with strong correlations. The yield per plant was positively 
correlated with the number of fruits per plant and yield, and 
moderately correlated with the ratio.

On the other hand, the number of fruits per plant and 
production per plant was negatively correlated with titratable 
acidity and juice yield. The rootstock used characteristically 
extracts more water from the soil, which induces the formation 
of larger fruits; and therefore, the levels of soluble solids and 
titratable acidity tend to decrease, which implies a change in 
fruit quality.

In the right peripheral region of Figure 2, the average fruit 
mass, longitudinal fruit diameter, and transversal fruit diameter 
were grouped, and were positively correlated with each other. 
This group of variables has weak negative correlations with 
juice yield, titratable acidity, and technological index. It is also 
possible to visualize a weak positive correlation between this 
group and the soluble solid content.

For the groupings of the evaluated genotypes (Figure 3), 
it was observed that by the Ward method and Mahalanobis 

Figure 3. Dendrogram of 20 orange sweet genotypes by the Ward method from the Mahalanobis distance based in 12 
agronomical characters. Genotype 55 refers to Aquiri cultivar. 

Figure 2. Correlation network for the variables number of fruits 
per plant (NFP), average fruit mass (FM), yield per plant (YPP), 
yield (Y), longitudinal fruit diameter (LFD) and transversal fruit 
diameter (TFD), juice yield (JY), peel thickness (PT), soluble 
solids (SS), titratable acidity (TA), ratio (SS/TA), and technological 
index (TI) of fruits of 20 sweet orange genotypes evaluated in 
the years 2010, 2011, and 2012 in the Acre State, Brazil. The red 
and green lines represent negative and positive correlations, 
respectively, and the line width is proportional to the strength 
of the correlation (Epskamp et al., 2012).

distance, four groups were formed. It is estimated that among 
the characteristics of each genotype, similarities are evident, 
corroborating the distinctions of each of them.

Among the variables evaluated, the genotypes with the 
best response (6, 8, 9, 52, and Aquiri cultivar) were found in 
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groups III and IV (Table 4), and, because of this, it was possible 
to verify that these groups had promising potential.

Conclusions
Genotypes 6, 8, 9, and 52 have productive indicators 

similar to the local Aquiri cultivar, and meet the minimum 
fruit quality criteria, with a yield above the Brazilian national 
average and, therefore, show promise for the cultivation of 
sweet orange cultivars in the Acre State.
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