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INTRODUCTION

Brazil is the world’s largest orange 
producer, and accounts for three quarters of global 
orange juice exports (USDA-FAS, 2024). Most of 
the country’s production comes from the state of São 
Paulo and the western part of Minas Gerais, however, 
other states also produce oranges on a smaller scale 
(FUNDECITRUS, 2024; IBGE, 2024a).

In the state of Amazonas, orange plantations 
intensified due to the favorable climatic conditions in 

the region, combined with the commercial value of 
the fruit in the market (SILVA et al., 2002). The state 
has more than 2,400 citrus growers with total planted 
area of more than 5,000 ha, who cultivate ‘Pêra’ 
orange trees on ‘Rangpur’ lime trees (IDAM, 2019). 
Production is concentrated mainly in the municipality 
of Rio Preto da Eva, which is the largest producer in 
the state, with 70% of production (IBGE, 2024b).

By using only one scion-rootstock 
combination, orchards are vulnerable to adverse 
conditions and the incidence of pests and diseases 
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ABSTRACT: In the state of Amazonas, the ‘Pêra’ orange scion is traditionally cultivated on ‘Rangpur’ lime tree. The restricted use of a single 
scion-rootstock combination has left local orchards vulnerable to adverse conditions and incidence of pests and diseases, which may negatively 
interfere with both productivity and fruit quality and the citrus activity sustainability in the state. The expansion of the number of scion-
rootstock combinations becomes a viable alternative to overcome such problems. To meet this demand from citrus growers, 30 combinations 
with 10 scions and 3 rootstocks were evaluated in the sixth and seventh year after planting seedlings in the field in the municipality of Rio Preto 
da Eva, AM. In this experiment, productivity, juice yield, soluble solids, pH, titratable acidity, ratio and technological index were evaluated. 
‘Pineapple’ scion with ‘Sunki Tropical’ and ‘BRS Bravo’ rootstocks can be productive alternatives in relation to traditional ‘Pêra’ orange scion 
under ‘Rangpur’ lime combination in the state of Amazonas. ‘Lima’ orange with ‘Sunki Tropical’ mandarin, ‘Rangpur lime SC’ and ‘BRS 
Bravo’ lime rootstocks can be alternatives for the fresh market in the state. Combinations that showed good fruit quality are ‘Pêra’, ‘Salustiana’, 
‘Valência Tuxpan’ and ‘Westin’ scions with ‘BRS Bravo’ rootstock, and ‘Pêra D6’ scion with ‘Rangpur lime SC’ lemon rootstock. These 
combinations are alternatives for the diversification of orchards in the state of Amazonas.
Key words: Citrus × sinensis (L.) Osbeck, sweet orange, citrus growing, orchard diversification.

RESUMO: No estado do Amazonas cultiva-se, tradicionalmente, a laranjeira ‘Pêra’ sobre o limoeiro ‘Cravo’. O uso restrito de uma única 
combinação de copa-porta-enxerto tem deixado os pomares locais vulneráveis à condições adversas e a incidência de pragas e doenças, 
podendo interferir negativamente tanto na produtividade como na qualidade dos frutos e sustentabilidade citrícola do Estado. A ampliação do 
número de combinações-copas-porta-enxertos torna-se uma alternativa viável para superar tais problemas. Para atender a esta demanda dos 
produtores de citros foram avaliadas 30 combinações com 10 copas e três porta-enxertos no sexto e sétimo ano após o plantio das mudas no 
campo, no município de Rio Preto da Eva, AM. Nesse experimento foram avaliadas: a produtividade, o rendimento de suco, os sólidos solúveis, 
o pH, a acidez titulável, o ratio e o índice tecnológico. A copa ‘Pineapple’ com os porta-enxertos tangerineira ‘Sunki Tropical’ e ‘BRS Bravo’ 
podem ser alternativas produtivas em relação a tradicional combinação laranja ‘Pêra’ sob limoeiro ‘Cravo’ no Amazonas. A copa laranja ‘Lima’ 
com os porta-enxertos tangerineira ‘Sunki Tropical’, limoeiro ‘Cravo Santa Cruz’ e ‘BRS Bravo’ podem ser alternativas para o mercado in 
natura no estado. As combinações que apresentaram boa qualidade do fruto são as copas ‘Pêra’, ‘Salustiana’, ‘Valência Tuxpan’ e ‘Westin’ com 
o porta-enxerto ‘BRS Bravo’, e a copa ‘Pêra D6’ com o porta-enxerto limoeiro ‘Cravo Santa Cruz’. Estas combinações são alternativas para a 
diversificação dos pomares do estado do Amazonas.
Palavras-chave: Citrus × sinensis (L.) Osbeck, laranja doce, citricultura, diversificação do pomar.
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(SOUZA et al., 2018). Furthermore, the ‘Pêra’ orange 
scion with ‘Rangpur’ lime rootstock combination 
used in the region is susceptible to sudden citrus death 
(POMPEU JUNIOR & BLUMER, 2008). ‘Rangpur’ 
lime has already been shown to be susceptible to 
gummosis (CAIXETA et al., 2013), in addition to 
being susceptible to citrus decline. Thus, the restricted 
use of scion-rootstock combinations in a diseased 
orchard reduces productivity, fruit quality, increases 
costs with cultural treatments and reduces the useful 
life of the orchard (POMPEU JUNIOR et al., 2002).

The diversification of orchards can be an 
alternative to overcome such problems. Therefore, in 
several regions of the country, new orange cultivars 
are under study to identify desirable agronomic 
characteristics such as productivity and fruit quality 
(BASTOS et al., 2014). Rootstocks can influence tree 
size, yield, production efficiency, and fruit quality 
(KUNWAR et al., 2023). Furthermore, rootstocks 
can also alter specific metabolites, and thus affect the 
orange juice quality (LIU et al., 2023). Rootstocks 
have also been shown to interfere with the health of 
the scion and to be tolerant to diseases (BOWMAN et 
al., 2023), being also tolerant even under unfavorable 
soil conditions (CHAUDHRY et al., 2023).

Therefore, the evaluation of new orange 
tree scions in the state of Amazonas allows selecting 
more productive and adapted combinations for the 
state. Combinations that express desirable agronomic 
characteristics can contribute to the citrus production 
sustainability in the state, reflecting throughout the 
production chain. Thus, this research evaluated 30 
scion-rootstock combinations for orange trees in the 
municipality of Rio Preto da Eva, Amazonas.

MATERIALS   AND   METHODS

The experiment was installed in the 
municipality of Rio Preto da Eva Amazonas, latitude 
02º 42’ 24.1” S, longitude 59º 26’ 02.6” W and altitude 
of 80 m above sea level.

The plant material used in the study 
comes from the germplasm bank of “Embrapa 
Mandioca e Fruticultura”. From available seeds 
and buds, seedlings were produced by nurseryman 
accredited by the Ministry of Agriculture, Livestock 
and Supply – MAPA. Orange scion varieties used 
were: ‘Cara Cara’, ‘Diva’, ‘Lima’ (Sukari), ‘Pera’ 
orange (variety used in the state), ‘Pera CNPMF 
D6’, ‘Pineapple’, ‘Rubi’, ‘Salustiana’, ‘Valencia 
Tuxpan’ and ‘Westin’. Citrus rootstocks used were 
the ‘‘Rangpur lime SC’, ‘Sunki Tropical’ tangerine 
and ‘BRS Bravo’ hybrid.

Seedlings were planted in pits measuring 
0.40 x 0.40 x 0.40 m, with dense spacing of 6 m 
between rows and 2.5 m between plants. 

Between orchard lines, as cover plant, 
Arachis pintoi Krapov. & W.C.Greg legume was 
established.

Planting fertilization, based on sampling 
and subsequent soil analysis, consisted of 330 g of 
simple superphosphate, 5 L of poultry manure and 
50 g of FTE Br12. Every year, soil analyses and 
correction fertilization are carried out whenever 
necessary.

The experimental design used was in 
randomized blocks (RBD), with experimental 
arrangement consisting of 30 treatments and three 
replicates. The experimental plot consisted of four 
orange trees of each scion-rootstock combination.

Production was evaluated during the sixth 
and seventh year of plants in the field. Ripe fruits were 
manually harvested from each plot of four plants, 
counted, weighed and packed in harvest boxes. A 
random sample of fifteen oranges was collected from 
each plot for physical and chemical analyses.

Average production was calculated by 
production divided by the number of plants per 
plot. Average productivity (t ha-1) was calculated by 
(production in kg/plot x 667), where 667 is the value 
of 1 hectare divided by the multiplication of spacings.

The 15 fruits were washed, cut in half 
and the juice was extracted with industrial extractor 
machine. The juice volume was measured in beaker. 
Juice yield was calculated using the following 
relationship [RS = (VS/PF) x 100], where VS = juice 
volume (mL) and PF = fruit weight (g), expressed as 
percentage.

Soluble solids were determined by optical 
refractometer instrument. The methodology used was 
described in Oliveira (2010a). The pH was determined 
with previously calibrated pH meter and operated 
according to instructions in the manufacturer’s manual. 
The acid content of sample was determined according 
to INSTITUTO ADOLFO LUTZ (2008) methodology 
with modifications by Oliveira (2010a). Ratio was 
calculated by the arithmetic relationship between 
soluble solids (Brix (%) and titratable acidity (SS/AT). 
The technological index was calculated by the formula, 
IT = (RS x SS x 40.8) /10,000 -1, where: RS = juice 
yield, SS = soluble solids content and 40.8 = standard 
fruit harvest box weight, expressed in kg of soluble 
solids per box (kg SS box-1) (TAZIMA et al., 2008).

Data with non-normal distribution were 
transformed by the equation (√x + 0.5). Productivity 
data were submitted to analysis of variance and means 
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compared by the Scott & Knott test at 5% (P ≤ 0.05) 
probability (GOMES, 1976).

Variables i. titratable acidity, ii. 
technological index, iii. juice yield, iv. soluble 
solids, v. pH, ix. ratio, were submitted to multivariate 
analysis. First, they were submitted to principal 
component analysis (PCA), with correlation circle 
(95% confidence ellipse). 

RESULTS   AND   DISCUSSION

‘Pêra’, ‘Valência Tuxpan’, ‘Pineapple’, 
‘Lima’ and ‘Pêra D6’ orange scions had higher 
productivity with the ‘Sunki Tropical’ tangerine 
rootstock in 2019 (Table 1). In the following year, 
with the same rootstock, ‘Pineapple’ and ‘Lima’ 
orange scions had higher productivity (Table 1). 
With ‘Rangpur lime SC’ lime rootstock, ‘Valencia 
Tuxpan’, ‘Pineapple’, ‘Lima’ orange scions had 
higher productivity in 2019 (Table 1). In the following 
year, the ‘Pineapple’ and ‘Lima’ orange scions 
showed higher productivity (Table 1). In relation to 
the other scions, only ‘Pineapple’ and ‘Lima’ orange 
maintain good productivity in the two years with the 
two rootstocks. In regions of northeastern Brazil, 
the ‘Pineapple’ scion has already shown greater 
productivity when grafted onto these rootstocks 
(MARTINS et al., 2020). ‘Sunki Tropical’ mandarin 
and ‘Rangpur lime SC’ lime rootstocks have already 
shown great potential for diversification of orchards 
in northeastern Brazil (RIBEIRO et al., 2021).

‘BRS Bravo’ rootstock with ‘Valencia 
Tuxpan’, ‘Pineapple’ and ‘Lima’ orange scions had 
higher productivity in 2019 (Table 1). In the following 

year, ‘Pineapple’ and ‘Lima’ orange scions had higher 
productivity (Table 1). Again ‘Pineapple’ and ‘Lima’ 
orange scions maintain good productivity in both 
years. ‘BRS Bravo’ rootstock has advantages over 
the other rootstocks, as it induces the formation of a 
smaller orange tree with high productive efficiency 
in the first years (CARVALHO et al., 2016). In 
addition, ‘BRS Bravo’ rootstock has already proven 
to be productive in the initial years and adapted to the 
Amazonian conditions (SANTOS et al., 2021).

‘Pêra’, ‘Pineapple’, ‘Lima’, ‘Westin’ and 
‘Pêra D6’ orange scions with the three rootstocks, had 
similar yields in 2019, when considering the influence 
of the rootstock (Table 1). In the following year, the 
productivity of ‘Pêra’, ‘Salustiana’, ‘Valência Tuxpan’, 
‘Diva’, ‘Cara Cara’ and ‘Pêra D6’ orange scions with the 
three rootstocks were similar (Table 1). Thus, ‘Pêra’ and 
‘Pêra D6’ orange scions demonstrated that rootstocks 
did not influence productivity in the two years evaluated, 
unlike the other scions that showed influence in one 
of the years. However, the ‘’Pêra’’ scion has already 
been shown to be influenced by different rootstocks 
(CARVALHO et al., 2022). Likewise, the ‘Pêra D6’ 
scion has already been shown to be influenced by other 
rootstocks (CARVALHO et al., 2021).

The productivity of ‘Salustiana’, ‘Rubi’, 
‘Valência Tuxpan’ and ‘Diva’ scions were higher 
with ‘Rangpur lime SC’ and ‘BRS Bravo’ lime 
rootstocks in 2019 (Table 1). In the same year, the 
‘’Cara Cara’’ scion had higher productivity with 
‘BRS Bravo’ rootstock (Table 1). The ‘Westin’ scion 
had higher productivity with ‘BRS Bravo’ rootstock 
in 2020 (Table 1). In the same year, ‘Pineapple’ and 
‘Lima’ orange scion had higher productivity with 

 

Table 1 - Scion/rootstock interaction regarding productivity (t ha-1) of sweet orange scion within each rootstock. Rio Preto da Eva, AM, 
2019-2020. (1) 

 

------------------------------------------------------------------------Orange varieties------------------------------------------------------------------------ 

 Rootstocks Pera Salustiana Rubi Valencia 
Tuxpan Diva Pineapple Lima 

Orange Westin Cara 
Cara Pera D6 

2
0
1
9 

Sunki Tropical 22.3 Aa 0.0 Bb 2.3 Bb 18.6 Ab 0.0 Bb 32.3 Aa 33.1 Aa 0.3 Ba 7.7 Bb 17.5 Aa 
Rangpur lime SC 12.8 Ba 19.4 Ba 21.6 Ba 58.6 Aa 14.8 Ba 29.7 Aa 49.8 Aa 5.2 Ba 20.1 Bb 13.8 Ba 

BRS Bravo 20.2 Ba 19.4 Ba 19.7 Ba 36.9 Aa 25.8 Ba 31.5 Aa 47.8 Aa 6.3 Ba 20.1 Ba 22.8 Ba 
Mean 18.4 12.9 14.5 38.0 13.5 31.2 43.6 3.9 16.0 18.0 

 CV (%) ----------------------------------------------------------------27.46---------------------------------------------------------------- 

2
0
2
0 

Sunki Tropical 6.5 Ba 0.4 Ba 4.7 Bb 1.5 Ba 1.3 Ba 42.5 Aa 46.4 Aa 0.4 Bb 0.4 Ba 2.8 Ba 
Rangpur lime SC 4.8 Ba 2.5 Ba 0.4 Bb 3.3 Ba 0.4 Ba 11.0 Ab 16.7 Ab 0.4 Bb 0.4 Ba 1.2 Ba 

BRS Bravo 8.6 Ba 4.1 Ba 10.0 Ba 4.8 Ba 0.4 Ba 43.2 Aa 36.7 Aa 9.2 Ba 4.5 Ba 5.5 Ba 
Mean 6.6 2.3 5.0 3.2 0.7 32.2 33.3 3.3 1.8 3.2 

 CV (%) ----------------------------------------------------------------31.72----------------------------------------------------------------- 
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‘Sunki Tropical’ and ‘BRS Bravo’ rootstocks, while 
the ‘Rubi’ scion had higher productivity with ‘BRS 
Bravo’ rootstock (Table 1). Thus, these combinations 
showed influence of rootstocks on productivity.

In the state of Amazonas in the last ten 
years, the average orange productivity was between 
10 and 20 t ha-1 (IBGE, 2023). ‘Pineapple’ and ‘Lima’ 
Orange with ‘Sunki Tropical’ mandarin and ‘BRS 
Bravo’ rootstock combinations surpass the state 
productivity, reaching almost twice as much (Table 
1). In addition, these four combinations demonstrated 
consistency in high productivity in the two years 
evaluated (Table 1).

The first two principal components 
(PC) explain more than 92% of the scion-rootstock 
combination variability (Figure 1). Variables 
technological index, juice yield, soluble solids 
(ºBrix), pH and ratio showed positive correlation with 
principal component 1 (PC1) (Figure 1). Variable 
acidity, conversely, presented positive correlation in 
relation to principal component 2 (PC2) (Figure 1).

The ‘Lima’ orange combination with the 
three rootstocks showed the highest correlation with 
principal component 1 (Figure 1). This can explain the 
good quality in relation to technological index, juice 
yield, soluble solids (°Brix), pH and ratio. Regarding 
principal component 2, these combinations showed 
very low acidity (Figure 1). However, one of the 
main characteristics of the ‘Lima’ orange is its low 
acidity (OLIVEIRA et al., 2010b). ‘Lima’ orange 
scion in combination with ‘BRS Bravo’ rootstock has 
already demonstrated good fruit quality in the state of 
Amazonas (SANTOS, 2019).

Other combinations that presented good 
correlation with principal component 1 and good fruits 
in relation to technological index, juice yield, soluble 
solids (°Brix), pH and ratio are ‘Pêra’, ‘Salustiana’, 
‘Valencia Tuxpan’ and ‘Westin’ with ‘BRS Bravo’ 
rootstock and ‘Pêra D6’ scion with ‘Rangpur lime 
SC’ lime rootstock (Figure 1). Of these, only the 
‘Westin’ with ‘BRS Bravo’ combination has low 
acidity (Figure 1). Thus, the ‘BRS Bravo’ rootstock 

Figure1 - Principal component analysis (PCA), with correlation circle (95% confidence ellipse) for the 30 rootstock-scion 
combinations. Rio Preto da Eva, AM, 2019.

Captions: Variables: i. titratable acidity, ii. technological index, iii. juice yield, iv. soluble solids, v. pH, ix. ratio. Scion-
rootstock combinations: 1 - ‘Pera’ x ‘Sunki Tropical’. 2 - ‘Pera’ x ‘Rangpur lime SC’. 3 - ‘Pera’ x ‘BRS Bravo’. 4 
- ‘Salustiana’ x ‘Sunki Tropical’. 5 - ‘Salustian’a x ‘Rangpur lime SC’. 6 - ‘Salustiana’ x ‘BRS Bravo’. 7 - ‘Rubi’ x 
‘Tropical Sunki’. 8 - ‘Rubi’ x ‘Rangpur lime SC’. 9 - ‘Rubi’ x ‘BRS Bravo’. 10 - ‘Valencia Tuxpan’ x ‘Sunki Tropical’. 
11 - ‘Valencia Tuxpan’ x ‘Rangpur lime SC’. 12 - ‘Valencia Tuxpan’ x ‘BRS Bravo’. 13 - ‘Diva’ x ‘Sunki Tropical’. 14 
- ‘Diva’ x Rangpur lime SC’. 15 - ‘Diva’ x ‘BRS Bravo’. 16 - ‘Pineapple’ x Tropical Sunki. 17 - ‘Pineapple’ x Rangpur 
lime SC’. 18 - ‘Pineapple’ x ‘BRS Bravo’. 19 - ‘Lime’ orange x ‘Sunki Tropical’. 20 - ‘Lime’ orange x Rangpur lime 
SC’. 21 - ‘Lima’ orange x ‘BRS Bravo’. 22 - ‘Westin’ x Sunki Tropical. 23 - ‘Westin’ x Rangpur lime SC’. 24 - ‘Westin’ 
x BRS Bravo. 25 - ‘Cara Cara’ x ‘Sunki Tropica’l. 26 - ‘Cara Cara’ x ‘Rangpur lime SC’. 27 - ‘Cara Cara’ x BRS Bravo. 
28 - ‘Pera D6’ x ‘Tropical Sunki’. 29 - ‘Pera D6’ x ‘Rangpur lime SC’. 30 - ‘Pera D6’ x ‘BRS Bravo’.
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stands out with good fruit quality with four different 
scions and can be indicated to obtain good quality 
orange juice (LIU et al., 2023). In addition, these 
combinations have the potential to reach levels higher 
than the minimum required soluble solids equal to 
or greater than 10° Brix by the identity and quality 
standards for orange juice, regulated by Normative 
Instruction No. 37 of October 1, 2018.   

‘Pêra’, ‘Valencia Tuxpan’, ‘Pineapple’ and 
‘Pêra’ D6’ scions with ‘Sunki Tropical’ tangerine 
rootstock, ‘Pêra’, ‘Salustiana’, ‘Valencia Tuxpan’, 
´Diva’ and ‘ Pineapple’ scions with ‘Rangpur lime SC’ 
lime rootstock and ‘Rubi’, ‘Diva’, ‘Pineapple’ and 
‘Pêra D6’ scions with ‘BRS Bravo’ rootstock showed 
acidic and low quality fruits. ‘Rubi’ with ‘Sunki 
Tropical’ mandarin rootstock, ‘Rubi’ and ‘Westin’ 
scions with ‘Rangpur lime SC’ lime rootstock and 
‘Cara Cara’ with ‘BRS Bravo’ combinations, in 
addition to having low quality fruits, also have low 
acidity. Therefore, these 17 combinations have fruits 
that do not meet the desired characteristics.

‘Salustiana’, ‘Diva’, ‘Westin’, ‘Cara Cara’ 
scions with ‘Sunki Tropical’ mandarin rootstock 
and ‘Cara Cara’ with ‘Rangpur lime SC’ lime tree 
combinations showed negative correlation with 
principal components 1 and 2. Thus, they have 
low quality in all variables under study. These 
combinations also have low productivity and little 
adaptability to the region.

CONCLUSION

‘Pineapple’ scion with ‘Sunki Tropical’ 
and ‘BRS Bravo’ rootstocks can be productive 
alternatives to the traditional ‘Pêra’ orange under 
‘Rangpur’ lime tree combination in the state of 
Amazonas.’Lima’ orange tree with ‘Sunki Tropical’ 
mandarin, ‘Rangpur lime SC’ and ‘BRS Bravo’ lime 
rootstocks can be alternatives for the fresh market 
in the state of Amazonas. The combinations that 
showed good fruit quality are ‘Pêra’, ‘Salustiana’, 
‘Valência Tuxpan’ and ‘Westin’ scions with 
‘BRS Bravo’ rootstock, and ‘Pêra D6’ scion with 
‘Rangpur lime SC’ lime rootstock.The results bring 
alternatives for the diversification of orchards in the 
state of Amazonas. The implementation of these 
combinations can increase productivity, also offer 
varieties for fresh consumption.
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