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Rootstocks for citrus orchards
in the state of Para

Abstract — The objective of this work was to evaluate the performance of the
'Pera CNPMF-D6' orange and 'Tahiti CNPMF-02' acid lime, in combination
with different rootstocks, in the state of Para, Brazil. In the first trial, the
following four rootstocks were evaluated: 'Santa Cruz Rangpur' lime, hybrid
LVK x LCR-010, 'TSK Tropical' mandarin, and 'San Diego' citrandarin. In the
second trial, six rootstocks were evaluated: 'Santa Cruz Rangpur' lime, hybrid
LVK x LCR-010, hybrid TSKC x CTSW-033, 'Riverside' citrandarin, 'San
Diego' citrandarin, and 'BRS Pompeu' citrumelandarin. Between 2019 and
2024, the following variables were evaluated: plant height; canopy volume,
before and after harvest; drought tolerance; number of fruit per plant; fruit
mass; productivity; and productive efficiency. Plant height was influenced
by treatments only in the case of 'Pera’ orange tree, which showed the highest
values on the 'Santa Cruz Rangpur' and 'San Diego' rootstocks. The lowest
canopy volume was found in 'Santa Cruz Rangpur' for the 'Tahiti' acid lime
tree, and in TSKC x CTSW-033 for 'Pera’ orange tree. All rootstocks showed
drought tolerance. The greatest number of fruit per plant, and the highest
values of fruit mass and productivity are observed for 'Tahiti' acid lime on the
'"TSK Tropical' and 'San Diego' rootstocks and for 'Pera’ orange on the 'Santa
Cruz Rangpur' and 'San Diego' rootstocks.

Index terms: Citrus xlatifolia, Citrus *sinensis, Amazon.

Porta-enxertos para pomares
citricos no estado do Para

Resumo — O objetivo deste trabalho foi avaliar o desempenho da laranjeira
'Pera CNPMF-D6' e da limeira-acida 'Tahiti CNPMF-02', em combina¢do com
diferentes porta-enxertos, no estado do Pard, Brasil. No primeiro ensaio, foram
avaliados os seguintes quatro porta-enxertos: limeira 'Santa Cruz Rangpur',
hibrido LVK x LCR-010, tangerineira "TSK Tropical' e citrandarin 'San Diego'.
No segundo ensaio, foram avaliados seis porta-enxertos: limeira 'Santa Cruz
Rangpur', hibrido LVK x LCR-010, hibrido TSKC x CTSW-033, citrandarin
'Riverside', citrandarin 'San Diego' e citrumelandarin 'BRS Pompeu'. Entre
2019 e 2024, foram avaliadas as seguintes variaveis: altura da planta; volume
da copa, antes e depois da colheita; tolerancia a seca; nimero de frutos por
planta; massa de frutos; produtividade; e eficiéncia produtiva. A altura das
plantas foi influenciada pelos tratamentos apenas no caso da laranjeira 'Pera’,
que apresentou valores mais elevados nos porta-enxertos 'Cravo Santa Cruz'
e 'San Diego'. Os menores volumes de copa foram encontrados in 'Cravo
Santa Cruz', para a limeira-acida 'Tahiti, e em TSKC x CTSW-033 para a

laranjeira 'Pera’. Todos os porta-enxertos apresentaram tolerancia a seca. Os
maiores nimeros de frutos por planta, e maiores valores de massa de frutos
e produtividade foram proporcionados pelos porta-enxertos 'TSK Tropical' e
'San Diego' para a limeira-acida 'Tahiti', e pelos porta-enxertos 'Cravo Santa
Cruz' e 'San Diego', para a laranjeira 'Pera'.
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Introduction

Brazil produced 12,300,000 Mg of oranges in the
season 2023/2024, ranking as the world’s largest
producer, followed by China and European Union
(USDA, 2025). In 2023, Sao Paulo state was the
largest producer in Brazil, accounting for 77.45% of
the national production, and the state of Para was the
7th largest producer in the country (IBGE, 2023). For
the Amazon region, the citrus hub in the municipality
of Capitao Pogo, in the state of Para, has a leading role
as an orange producer (IBGE, 2025).

Despite the prominent position in orange production,
Brazil undergoes serious incidence of phytosanitary
problems. A study interviewed orange farmers, in
the Brazilian citrus belt, asking them what was the
major problem in citrus production, in the years 2017,
2018, and 2019 (Guerreiro Neto & Figueira, 2021).
Phytosanitary problems was the major problem for
39% of the farmers. Diseases have been threatening
the Brazilian global position in citrus farming (Neves
& Boteon, 1998). This situation is aggravated due to
the use of few rootstocks, from which 'Rangpur' lime
tree (C. “limonia Osbeck.) is the major one in the
Brazilian citrus orchards. Rootstocks also affect many
characteristics of the scion varieties, such as vigor,
precocity, production, ripening time, fruit mass, skin
and juice color, sugar and acid content in the fruit, fruit
retention on the plant, fruit conservation after harvest,
plant tolerance to salinity, drought, frost, diseases,
among other factors (Girardi et al., 2021; Carvalho
et al., 2023; Fernandes et al., 2024). Thus, studies that
look for alternative rootstocks can be a good solution to
face phytosanitary problems and improve fruit quality
and production.

Such studies are still incipient in the Amazon
region (Rodrigues et al., 2019a, 2019b; Santos et al.,
2021; Capistrano et al., 2025), and they are scarce in
the citrus region of Para, especially in Capitdo Pogo

(Gurgel et al., 2024).

The objective of this work was to evaluate the
performance of the 'Pera CNPMF-D6' orange and
'"Tahiti CNPMF-02' acid lime, in combination with

different rootstocks, in the state of Para, Brazil.

Materials and Methods

The experiment consisted of two trials, one for acid
lime "Tahiti CNPMF-02' (TRL1), and another one for

Pesq. agropec. bras., Brasilia, v.60, e04134, 2025
DOI: 10.1590/S1678-3921.pab2025.v60.04134

F. de L. Gurgel et al.

orange 'Pera CNPMF-D6' (TRL2). Morphological and
production variables were evaluated in combination
with rootstock cultivars selected by the Citrus Genetic
Improvement Program of Embrapa Mandioca e
Fruticultura, in the municipality of Cruz das Almas, in
Bahia state, Brazil.

The nursery tree production was carried out in
accordance with the Normative Instruction (IN) No.
48, dated September 24, 2013, issued by the Ministry
of Agriculture and Livestock (MAPA) (Brasil, 2013).
In 2015, the experiment was installed at Farm Lima
(01°45'S and 47°01'W), a partner of Embrapa Eastern
Amazon (Belém, PA), located in the citrus hub in the
state of Par4, in the municipality of Capitdo Pogo. The
climate of the region is Am, according to the K&ppen-
Geiger’s classification defined as rainy, with a mean
annual precipitation of 2,250 mm, concentrated
between January and June. The mean annual
temperature is 25°C, and the relative humidity is about
85% (Oliveira et al., 2016). The soil of the region is
predominantly Latossolo Amarelo (Oxisol), medium
texture (Souza et al., 2018).

A complete randomized block was the experimental
design used, with two treatments: TRL1 and TRL2.

In TRLI, four rootstocks were distributed in four
blocks, with four plots per block, and 10 plants per
plot. The experimental unit was the mean of 10 plants
in the plot (n = 16). The rootstocks were the following:
'Santa Cruz Rangpur' lime, a 'Santa Barbara Rangpur'
lime mutant clone; LVK hybrid ('Volkameriano'
lemon C. *volkameriana V. Ten. & Pasq.) x LCR-010
('‘Rangpur' lime C. *limonia); "TSK Tropical' mandarin
[C. sunki (Hayata) hort. ex Tanaka], a 'Sunki' mandarin
mutant clone (Soares Filho etal., 2002); and 'San
Diego' citrandarin (C. sunki X P. trifoliata).

TRL2 used six rootstocks, distributed in four blocks,
with six plots per block, and 10 plants per plot. The
experimental unit was the mean of 10 plants in the plot
(n = 24). The rootstocks were: 'Santa Cruz Rangpur'
lime; LVK hybrid x LCR-010; 'Riverside' citrandarin
(C. sunki x P. trifoliata); 'San Diego' citrandarin; 'BRS
Pompeu' citrumelandarin [C. sunki x (C. *paradisi
Macfad. x P. trifoliata)]; and the TSKC hybrid (‘Sunki'
mandarin C. sunki) x CTSW-033 (citrumelo 'Swingle'
C. “paradisi x P. trifoliata).

The spacing between plants was 7 m x 4 m.
Morphological and agronomic variables were evaluated
every six months in the growing seasons of 2019/2020,
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2020/2021, 2021/2022, 2022/2023, and 2023/24.
The annual season started in August and ended in July
of the subsequent year. The following morphological
variables were evaluated: plant height (PH, m) pre-
harvest; canopy volume pre-harvest (PreCV, m?); and
canopy volume postharvest (PostCV, m?). Plant height
is the distance between ground level to the last leaf
of the highest branch. Its assessment was performed
using a stadiometer. The canopy volume was estimated
according to Mendel (1956), using the equation below.
The canopy radius was calculated as the mean between
longitudinal and latitudinal diameters, divided by 2. A
tape measure was used.

V=231 xR>x H,

where: V is the volume (m?); R is the canopy radius
(m); and H is the plant height (m).

The agronomic variables studied were: number of ripe
fruit per plant (FN, n), fruit mass (FM, kg), productivity
(PROD, Mg ha'), and productive efficiency (PE, kg
m?). FM was evaluated by weighing all ripe fruit of
each plant separately, using a digital scale. The FN was
obtained manually by counting the ripe fruit of each
plant after harvest. PROD was estimated by dividing
FM by the useful area of a plant (28 m?), converted to
Mg ha', considering a planting density of 476 plants
ha'. PE was estimated by dividing FN by PreCV
(kg m?) (Stenzel et al., 2005).

Drought tolerance (DT) was evaluated using a
S-point scale described by Santana et al. (2015). This
scale relates drought effects to the degree of leaf
curling, as follows: for DT = 5, no leaf curling; DT =
4, leaves are slightly curled on some branches; DT = 3,
leaves are slightly curled on all branches; DT = 2, all
leaves are very curled, but few leaves have fallen; and
DT = 1, all leaves are very curled, and many leaves
have fallen.

The results were organized in a spreadsheet and
subjected to the analysis of variance one-way. The F-test
was used to verify significant differences between
means (o = 0.05), and the Scott-Knott’s test was used
to group the means at 5% probability. In order to carry
on the analysis of variance, assumptions for normality,
homoscedasticity, and independence of errors were
checked, for which the tests of Shapiro-Wilk, Breusch-
Pagan, and Durbin-Watson were used, respectively.
All assumptions were met. The R software v.4.4.2 was
used (R Core Team, 2019) in the statistical analysis.
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The ExpDes package was used (Ferreira et al., 2021)
to verify the effects of the treatments.

Results and Discussion

Regarding plant height (PH), all treatments in both
trials showed equal means (p>0.05), in each growing
season. The maximum PH was 3.28 m for TRLI,
and 3.04 m for TRL2. In both trials, PH was the only
variable that did not express interaction with rootstocks
and growing seasons. This fact was also observed by
Ferreira et al. (2018).

The canopy volumes of TRLI1, measured before
(PreCV) and after (PostCV) harvest, showed similar
patterns throughout the evaluations (Table 1). In the
first two growing seasons, no significant differences
were observed among the rootstocks regarding these
traits. However, starting from the third growing season,
a substantial increase of PreCV and PostCV values
was observed, when the lime trees were grafted onto
the ‘San Diego’ citrandarin or on the ‘Tropical TSK’
rootstock. These two rootstocks promoted vigorous
canopy growth, with volumes more than doubling by
the third growing season, and maintaining this high
performance in the fourth season. In contrast, the
LVK x LCR-010 hybrid exhibited the lowest canopy
development, along with an irregular growth pattern.
In the fourth growing season, canopy volumes were
similar to those recorded in the first one, suggesting
a possible susceptibility of this rootstock to climatic
variations between years.

The results of PreCV for TRL2 (Table 2) showed
that trees using the rootstock 'Santa Cruz Rangpur'
showed the highest canopy volumes in all growing
seasons except for 2019 (p<0.05). The canopy volume
in 2019/2020 was 7.23 m3; in 2022/2023, it reached
22.71 m3 remaining stable (21.93 m?) in 2023/2024.
The trees with rootstock 'San Diego' showed a good
PreCV performance, with values increasing from
6.67 m® (2019/2020) to 23.00 m® (2023/2024). Trees
with the rootstock 'Santa Cruz Rangpur' had also a
good performance in 2023/2024. However, trees using
the rootstocks TSKC x CTSW-033 and ‘Riverside’
citrandarin showed the lowest PreCV, slowest growth,
and lowest vegetative vigor in TRL2. In the last four
growing seasons, the rootstocks were grouped into
two categories based on the development of the scion
PreCV. The high-performance group included the
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'Santa Cruz Rangpur' lime and 'San Diego' citrandarin,
while the remaining rootstocks formed the low-
performance group for this trait (Table 2).

Contrasting results were found for 'Pera’ orange
grafted onto the LVK x LCR-010 hybrid, which
showed a significantly greater canopy volume than
the 'Santa Cruz Rangpur' lime rootstock, according
to Ribeiro etal. (2021); these authors’ experiments
took place in a region classified as As according to
Koppen-Geiger’s climate ranking, characterized by
markedly dry summers. Conversely, the present study

F. de L. Gurgel et al.

was carried out in a region with an 4m climate, where
the dry season occurs in winter and is less severe,
with approximately 4% of the annual precipitation
still concentrated during that period. Therefore, it is
likely that the 'Santa Cruz Rangpur' lime rootstock is
better adapted to humid regions with a uniform annual
rainfall distribution.

The TRL2 showed significant PostCV values
between rootstocks and growing seasons (Table 2).
'San Diego' and 'Santa Cruz Rangpur' had the
highest PostCV values, with 'Santa Cruz Rangpur'

Table 1. Traits of 'Tahiti' acid lime [Citrus *latifolia (Yu. Tanaka) Tanaka] grafted onto four rootstocks, in four growing
seasons between 2019 and 2023, and coefficients of variation (CV) of the factors ‘season’ (S) and ‘rootstock’ (R), and their

interaction (SxR), for each trait.

Trait® Season Rootstock?® SxR
San Diego Santa Cruz Rangpur LVK x LCR-010 TSK tropical

2019/2020 21.82aC 18.83aC 23.91aB 24.25aC

PreCV 2020/2021 36.62aB 29.44aB 37.63aA 38.55aB

(m?) 2021/2022 52.02aA 39.06bA 40.86bA 54.58aA
2022/2023 44.35aB 20.83bC 50.31aA 51.31aA

CV (%) 17.20 13.89 14.49
2019/2020 22.56aC 18.18aC 24.08aB 24.17aC

PostCV 2020/2021 36.33aA 28.27aB 37.00aA 37.87aB

(m?) 2021/2022 53.60aA 39.89bA 37.79bA 56.42aA
2022/2023 46.78%2 22.66bC 52.02aA 54.72aA

CV (%) 17.50 13.19 11.80
2019/2020 403.14aB 401.21aC 457.29aA 488.70aA

N 2020/2021 701.53aA 553.31aA 405.48bA 635.45aA
2021/2022 572.24aA 468.21aB 329.78bA 580.94aA
2022/2023 368.00aB 90.70bD 239.59aA 410.06aA

CV (%) 34.24 24.23 17.10
2019/2020 36.59aB 38.21aA 40.75aA 46.55A

FM 2020/2021 66.08aA 48.77bA 38.62bA 62.22aA

(kg/plant) 2021/2022 59.92aA 47.86aA 31.73bA 62.43aA
2022/2023 40.42aB 10.25bB 27.47aA 43.97aA

CV (%) 34.89 25.13 19.38
2019/2020 1.67aA 2.08aA 1.76aA 1.89aA

PE 2020/2021 1.97aA 1.75aA 1.06bB 1.64aA

(kg m™) 2021/2022 1.30aB 1.22aB 0.95aB 1.19aB
2022/2023 0.94aB 0.43aC 0.50aB 0.87aB

CV (%) 24.40 28.32 17.75
2019/2020 13.07aB 13.65aA 14.552A 16.62aA

Productivity 2020/2021 23.60aA 17.42bA 13.79bA 22.22aA

(Mg ha'') 2021/2022 21.40aA 17.09aA 11.33bA 22.30aA
2022/2023 14.43aB 3.66bB 9.81aA 15.70aA

CV (%) 34.89 25.13 19.38

(WTraits: PreCV, preharvest canopy volume; PostCV, postharvest canopy volume; FN, number of fruit per plant; MF, mass of fruit per plant; PE, productive
efficiency; and CV, coefficient of variation. ®Means followed by equal lowercase letters, in the rows, and uppercase letters, in the columns, do not differ
from each other, according to the Scott-Knott’s grouping test, at 5% probability.
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Table 2. Traits of 'Pera’ orange [C. “sinensis (L.) Osbeck] grafted onto five rootstocks, in five growing seasons between 2019
and 2024, and coefficients of variation (CV) of the factors ‘season’ (S) and ‘rootstock’ (R), and their interaction (SxR), for
each trait.

Trait Season Rootstock SxR
San Diego  Sta. Cruz Rangpur LVK x LCR-010 TSKC x CTSW-33  BRS Pompeu  Riverside
19/20 6.67aD 7.23aD 3.79aD 3.89aD 3.88aD 4.52aD
20/21 11.51aC 13.27aC 8.13bC 7.44bC 8.00bC 8.31bC
EI:S)CV 21/22 14.36aB 17.13aB 11.45bB 9.69bB 11.30bB 10.98bB
22/23 21.68bA 22.71aA 17.03aA 14.02aA 16.53aA 16.15aA
23/24 23.00aA 21.93aA 16.53bA 12.56bA 16.32bA 14.75bA

CV (%) 5.99 26,94 5.06
19/20 7.58aE 8.30aD 4.31bD 4.25bD 4.37bD 4.56bD
20/21 11.34aD 14.23aC 8.48bC 7.69bC 8.31bC 8.46bC
};?I?:)CV 21/22 13.54aC 16.27aB 10.77bB 9.23bB 10.27bB 10.48bB
22/23 21.12aB 22.69aA 16.07bA 13.89bA 16.64bA 15.46bA
23/24 23.73aA 23.32aA 16.50bA 12.58bA 18.04bA 14.51bA

CV (%) 2.57 22.02 4.35
19/20 40.74aC 76.85aD 15.93bC 22.06bC 23.03bD 27.64bC
20/21 184.01aA 120.36aC 69.05bB 75.35bB 70.09bC 82.19bB
FN 21/22 204.88aA 241.17aA 138.36aA 137.39aA 134.13aA 147.01aA
22/23 140.31aB 162.30aB 133.15aA 114.36aA 156.13aA 138.61aA
23/24 108.46aB 57.07aD 41.55aB 31.54aC 82.69aB 63.86aB

CV (%) 11.51 27.47 11.91
19/20 8.04aC 14.87aC 3.03bD 4.23bC 3.81bC 5.26bC
20/21 31.51aA 22.75aB 12.55bB 11.92bB 11.01bB 13.45bB
fll\g/plant) 21/22 43.42aA 50.11aA 28.84aA 28.65aA 26.06aA 29.85aA
22/23 32.24aA 36.25aA 27.40aA 24.01aA 29.90aA 28.39aA
23/24 18.63aB 10.24aC 6.74bC 5.41bC 12.90aB 10.52aB

CV (%) 10.30 23.89 9.57
19/20 1.28aB 2.04aB 0.91aB 1.20aB 1.20aB 1.53aB
20/21 2.6laA 1.71bB 1.52bA 1.44bB 1.13bB 1.66bB
kag m?) 21/22 2.88aA 2.99aA 2.41aA 3.15aA 2.48aA 2.88aA
22/23 1.52aB 1.71aB 1.98aA 1.70aB 1.97aA 1.99aA
23/24 0.79aC 0.45aC 0.43aC 0.45aC 0.72aB 0.74aC

CV (%) 18.78 21.34 13.58
19/20 2.87aC 5.31aC 1.08bD 1.51bC 1.36bC 1.88bC
20/21 11.25aA 8.13aB 4.48bB 4.26bB 3.93bB 4.80bB
z\r/fg‘}‘l‘;f;ity 21/22 15.51aA 17.89aA 10.302A 10.23aA 9.31aA 10.66aA
22/23 11.52aA 12.95aA 9.78aA 8.58aA 10.68aA 10.14aA
23/24 6.65aB 3.66aC 2.41bC 1.93bC 4.61aB 3.76aB

CV (%) 10.30 23.90 9.57

(DTraits: PreCV, preharvest canopy volume; PostCV, postharvest canopy volume; FN, number of fruit per plant; MF, mass of fruit per plant; PE, productive
efficiency; and CV, coefficient of variation. ®Means followed by equal lowercase letters, in the rows, and uppercase letters, in the columns, do not differ
from each other, according to the Scott-Knott’s grouping test at 5% probability.
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being related to a progressive increase — from
8.30 m® (2019/2020) to 23.32 m* (2023/2024). 'San
Diego' showed PostCV values of 7.58 m?, in 2019/2020,
and 23.73 m® in 2023/2024, being statistically equal to
those of 'Santa Cruz Rangpur'. However, the rootstocks
LVK x LCR-010, 'BRS Pompeu’, TSKC x CTSW-033,
and 'Riverside' were related to lower PostCV values
throughout the evaluated period. The TSKC x CTSW-
033 determined statistically equal volume values to
the others, with 4.25 m* (2019/2020) and 12.58 m?
(2023/2024), indicating the slowest growth and lowest
vegetative vigor.

In terms of drought tolerance (DT), TRL1 and
TRL2 showed equal values for all treatments, making
the analysis of variance unnecessary. Score 4 (slightly
curled leaves on some branches) was attributed to the
rootstocks, in the different harvests, in a massive way.
This fact indicates that all rootstocks showed good
tolerance to water deficit, a characteristic of utmost
importance, given the harmful effects of ongoing
climate change, which requires the use of drought-
tolerant or water-saving rootstocks (Fernandes et al.,
2024). Another study comparing scion/rootstock
concluded that the citrandarin rootstock 'Indio', in
the driest period, showed a greater moisture retention
in the plants, which was compatible with their less
stomatal opening, and greener leaves on plants of "TSK
Tropical' (Carvalho et al., 2023).

The number of fruit per plant (FN) in TRL1 was
significant for the interaction between rootstocks and
the evaluated growing seasons (Table 1). The LVK
x LCR-010 (2020/2021 and 2021/2022) and 'Santa
Cruz Rangpur' (2022/23) lime trees determined the
lowest FN means, and the other treatments were
statistically equal in all harvests. Rodrigues et al.
(2018) analyzed the 'Tahiti' acid lime tree on the "TSK
Tropical' mandarin, 'Santa Cruz Rangpur', and 'San
Diego' citrandarin lime rootstocks, obtaining means
of 183.0, 265.3, and 279.8 fruit per plant, respectively,
in which 'San Diego' was statistically superior. These
means indicate superiority in fruit production, in
which the same treatments showed 635.45, 659.27, and
725.07 fruit per plant, respectively. Ribeiro et al. (2021)
evaluated the fruit number of the acid lime tree 'Tahiti'
and observed that the rootstock 'Santa Cruz Rangpur'
determined a mean production of 148 fruit per plant,
considering the first three harvests. In their study,
76.85 to 241.17 fruit per plant were achieved for the
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same evaluated periods, resulting in 146.12 fruit per
plant, which indicates similar results for the productive
potential of the plant.

The FN in TRL2 showed significant interaction
between the rootstocks and the evaluated harvests, with
higher FN values observed for 'Santa Cruz Rangpur'
and 'San Diego' rootstocks in the first three growing
seasons, in comparison with the other treatments
(Table 2).

The fruit mass (FM) in TRL1 showed a significant
interaction between rootstocks and growing seasons
(Table 1). In the 2020/2021, 2021/2022, and 2022/2023
growing seasons, the rootstocks 'San Diego' citrandarin
and 'TSK Tropical' mandarin stood out with the highest
values — 66.08 and 62.22 kg plant!, and of 59.92
and 62.43 kg plant’, in 2020/2021 and 2021/2022,
respectively. For the FM of TRL2, a significant
interaction between rootstocks and growing seasons
was also observed (Table 2). The rootstocks 'San Diego'
and 'Santa Cruz Rangpur' stood out with the highest
means of FM in 2019/2020, 2020/2021, and 2023/2024
harvests. Rodrigues et al. (2018) observed that the acid
lime tree 'Tahiti' grafted on 'San Diego' citrandarin and
on '"TSK Tropical' mandarin showed higher FM values.

Productive efficiency (PE) in TRLI1 showed
significant interactions with rootstocks and growing
seasons (Table 1). The LVK x LCR-010 treatment was
the only one showing a low PE, differing statistically
from the other treatments in the 2020/2021 harvest.

Productive efficiency in TRL2 showed statistically
equal means in all rootstocks, except for the 'San Diego'
citrandarin in 2020/2021 that showed the highest PE
(2.61 kg m?) (Table 2). 'Santa Cruz Rangpur' was
related to high PE values in the first three growing
seasons: 2.04, 1.71, and 2.99 kg m?, respectively. As to
TRLI, in most of the growing seasons, no significant
differences were observed between treatments and
PE. The highest PE was associated with a reduction
of canopy volume, indicating that the rootstocks
determining this behavior adjust to high-planting
densities, which results in a significant increase of
productivity (Franga et al., 2016).

Rodrigues et al. (2018) studied 'Tahiti' acid lime in
the Amazon biome and found PE 0f 0.93 and 0.68 kg m*
in six-year-old plants, for 'San Diego' and 'Cravo Santa
Cruz' rootstocks, respectively. Such results are
lower than the values of the present study — 1.67 and
2.08 kg m? — in the 2019/2020 growing season, for
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'San Diego' and 'Santa Cruz Rangpur', respectively.
However, Rodrigues etal. (2018) reported canopy
volumes of 51.72 and 48.29 m? for 'San Diego' and
'Cravo Santa Cruz', respectively, which are results
close to the ones obtained in the present study. This
fact indicates that the discrepancy between the studies
may be related to the higher FM obtained in the
current research, 66.08 and 48.77 kg per plant, in the
growing season 2020/2021, for 'San Diego' and 'Santa
Cruz Rangpur', respectively. Rodrigues et al. (2018)
reported 19.41 and 21.30 kg per plant in 2015, for 'San
Diego' and 'Cravo Santa Cruz', respectively, which are
lower values than the ones of the present study.

TRL2 showed reduced PE due to the larger canopy
volume for 'Santa Cruz Rangpur' rootstock, for
which one of the treatments showed best production
performance. Ribeiro etal. (2021) reported PE of
5.53 kg m? and a canopy volume of 4.62 m? for 'Santa
Cruz Rangpur' rootstock, while in the present study
the finding was PE of 2.99 kg m? and PreCV of 17.13
m?, in the growing season 2021/2022, for the same
rootstock. This fact can also be verified by the lower
amount of fruit observed by the Ribeiro et al. (2012)
(148) in relation to that verified in the present work
(241).

Conclusions

1. The rootstocks 'TSK Tropical' mandarin and 'San
Diego' citrandarin determined a greater productive
performance of the 'Tahiti CNPMF-02' acid lime tree.

2. The rootstocks 'Santa Cruz Rangpur' lime and
'San Diego' citrandarin determined a greater productive
performance of the 'Pera CNPMF-D6' orange tree.

References

BRASIL. Ministério da Agricultura e Pecudria. Instrugdo
Normativa n® 48, de 24 de setembro de 2013. [Estabelece
as Normas de Producdo e Comercializagdo de Material de
Propagagdo de Citros - Citrus spp, Fortunella spp, Poncirus
spp, € seus hibridos, bem como seus padrdes de identidade e
de qualidade, com validade em todo o Territério Nacional].
Diario Oficial da Unido, 25 set. 2025. Segdol, p.38-44.
Available at: <https://pesquisa.in.gov.br/imprensa/jsp/visualiza/
index.jsp?data=25/09/2013&jornal=1&pagina=38&
total Arquivos=192>. Accessed on: Aug. 21 2025.

CAPISTRANO, M. da C.; BRITO, R.S. de; ANDRADE NETO,
R. de C.; SANTOS, V.B. dos; LESSA, L.S.; RESENDE, M.D.V.

de; GURGEL, F. de L. Repeatability of quantitative characteristics
in sweet orange through mixed-model methodology. Comunicata

7 0of9

Scientiae, v.16, ¢4203, 2025. DOI: https:/doi.org/10.14295/
cs.v16.4203.

CARVALHO, L.M. de; SILVA FILHO, F.S. da; CARVALHO,
H.W.L. de; ANJOS, J.L. dos; SOBRAL, L.F. Desempenho inicial
de combinacdes copa/porta-enxerto de laranjeiras-doce no
polo citricola do litoral norte da Bahia. Aracaju: Embrapa
Tabuleiros Costeiros, 2023. 31p. (Embrapa Tabuleiros Costeiros.
Boletim de pesquisa e desenvolvimento, 181).

FERNANDES, P.D.; LACERDA, C.F; GHEYL, H.R.; FREIRE,
M.B.G. dos S. (Org.). Biossalinidade: producio de alimentos e
produtos agroindustriais. Campina Grande: EDUEPB, 2024. 765p.

FERREIRA, E.; CAVALCANTI, PP, NOGUEIRA, D.A.
ExpDes: Experimental designs package. (Designs Package .
R package version 1.2. 2.). Alfenas: Universidade Federal de
Alfenas, 2021.

FERREIRA, P. dos S.; NASCIMENTO, J.S. do; MERCES,
J.K.R. das; SANTOS, H.C.A. dos; GURGEL, F. de L. ParAmetros
avaliativos de pomar de laranjeira 'Pera’ em combinacdo com
diferentes porta-enxertos no municipio de Capitdo Pogo-
PA. In: CONGRESSO INTERNACIONAL DAS CIENCIAS
AGRARIAS, 3., 2018, Jodo Pessoa. Ciéncia, tecnologia e
desenvolvimento rural: compartilhando  conhecimentos
inovadores e experiéncias. Jodo Pessoa: Instituto Internacional
Despertando Vocagdes, 2018.

FRANCA, N. de O.; AMORIM, M. da S.; GIRARDI, E.A;
PASSOS, O.S.; SOARES FILHO, W. dos S. Performance of
‘Tuxpan Valencia’ sweet orange grafted onto 14 rootstocks in
northern Bahia, Brazil. Revista Brasileira de Fruticultura, v.38,
e-684, 2016. DOI: https://doi.org/10.1590/0100-29452016684.

GIRARDI, E.A.; SOLA, J.G.P.; SCAPIN, M. da S.; MOREIRA,
A.S.; BASSANEZI, R.B.; AYRES, A.J; PENA, L. The perfect
match: adjusting high tree density to rootstock vigor for improving
cropping and land use efficiency of sweet orange. Agronomy, v.11,
art.2569, 2021. DOLI: https://doi.org/10.3390/agronomy11122569.

GUERREIRO NETO, G.; FIGUEIRA, S.R.F. Produg¢ao da laranja
no principal cinturdo citricola brasileiro: perfil e a concorréncia
com outras culturas. Campo-Territorio: Revista de Geografia
Agraria, v.16, p.129-149, 2021. DOI: https://doi.org/10.14393/
RCT164306.

GURGEL, F. de L.; MARIGUELE, K.H.; YOKOMIZO, G.K.L;
ANDRADE NETO, R. de C.; GIRARDI, E.A.; PASSOS, O.S,;
SOARES FILHO, W. dos S. Early rootstock selection under
'tahiti' acid lime crown in Capitdo Pogo, Para State, Brazil.
Acta Scientiarum. Agronomy, v.46, ¢63302, 2024. DOI:
https://doi.org/10.4025/actasciagron.v46il.63302.

IBGE. Instituto Brasileiro de Geografia e Estatistica. PAM -
Producdo Agricola Municipal: lavoura permanente: tabela 4:
area destinada a colheita, area colhida, quantidade produzida,
rendimento médio e valor da producdo do Brasil, das Grandes
Regides ¢ das Unidades da Federagdo, segundo os produtos das
lavouras permanentes. 2023. Available at: <https:/www.ibge.
gov.br/estatisticas/economicas/agricultura-e-pecuaria/9117-
producao-agricola-municipal-culturas-temporarias-e-
permanentes.html?=&t=resultados>. Accessed on: Aug. 21 2025.

Pesq. agropec. bras., Brasilia, v.60, e04134, 2025
DOI: 10.1590/S1678-3921.pab2025.v60.04134


https://pesquisa.in.gov.br/imprensa/jsp/visualiza/
https://doi.org/10.14295/cs.v16.4203
https://doi.org/10.14295/cs.v16.4203
https://doi.org/10.1590/0100-29452016684
https://doi.org/10.3390/agronomy11122569
https://doi.org/10.14393/RCT164306
https://doi.org/10.14393/RCT164306
https://doi.org/10.4025/actasciagron.v46i1.63302
https://www.ibge.gov.br/estatisticas/economicas/agricultura-e-pecuaria/9117-producao-agricola-municipal-culturas-temporarias-e-permanentes.html?=&t=resultados
https://www.ibge.gov.br/estatisticas/economicas/agricultura-e-pecuaria/9117-producao-agricola-municipal-culturas-temporarias-e-permanentes.html?=&t=resultados
https://www.ibge.gov.br/estatisticas/economicas/agricultura-e-pecuaria/9117-producao-agricola-municipal-culturas-temporarias-e-permanentes.html?=&t=resultados
https://www.ibge.gov.br/estatisticas/economicas/agricultura-e-pecuaria/9117-producao-agricola-municipal-culturas-temporarias-e-permanentes.html?=&t=resultados

8 of 9

IBGE. Instituto Brasileiro de Geografia ¢ Estatistica. Producio
agropecuaria. Rio de Janeiro, 2025. Available at: <https:/www.
ibge.gov.br/explica/producao-agropecuaria/>. Accessed on: Aug.
32025.

MENDEL, K. Rootstock-scion relationships in Shamouti trees on
light soil. Ktavim, v.6, p 35-60, 1956.

NEVES, E.M.; BOTEON, M. Impactos alocativos e distributivos
na citricultura. Precos Agricolas, v.12, p.3-6, 1998.

R CORE TEAM. R: a language and environment for statistical
computing. Viena: R Foundation for Statistical Computing,
2019. Available at: <https://www.R-project.org> Accessed on:
Aug. 3 2024.

RIBEIRO, L. de O.; COSTA, P.D.; LEDO, C.A. da S,
CARVALHO, L.M. de; CARVALHO, HW.L. de; SOARES
FILHO, W. dos S.; GIRARDI, E.A. 'Tropical Sunki' mandarin and
hybrid citrus rootstocks under 'Pera' sweet orange in cohesive and
as climate without irrigation. Bragantia, v.80, e1321, 2021. DOI:
https://doi.org/10.1590/1678-4499.20200407.

RODRIGUES, M.J. da S.; ANDRADE NETO, R. de C.; ARAUJO
NETO, S.E. de; SOARES FILHO, W. dos S.; GIRARDI, E.A;;
LESSA, L.S.; ALMEIDA, U.O. de. Performance of 'Valéncia'
sweet orange grafted onto rootstocks in the state of Acre, Brazil.
Pesquisa Agropecuaria Brasileira, v.54, ¢01349, 2019b. DOI:
https://doi.org/10.1590/S1678-3921.pab2019.v54.01349.

RODRIGUES, M.J. da S.; ANDRADE NETO, R. de C.; LESSA,
L.S.; GIRARDI, E.A.; SOARES FILHO, W. dos S. Desempenho
agronomico de lima acida Tahiti em combinacdo com diferentes
porta-enxertos em Capixaba, Acre. Enciclopédia Biosfera, v.15,
p-353-363, 2018. DOI: https://doi.org/10.18677/EnciBio 2018B30.

RODRIGUES, M.J. da S.; ARAUJO NETO, S. E. de; ANDRADE
NETO, R. de C.; SOARES FILHO, W. dos S.; GIRARDI,
E.A.; LESSA, L.S.; ALMEIDA, U.O. de; ARAUJO, JM. de.
Agronomic performance of the ‘Pera’ orange grafted onto nine
rootstocks under the conditions of Rio Branco, Acre, Brazil.

F. de L. Gurgel et al.

Revista Brasileira de Ciéncias Agrarias, v.14, ¢6642, 2019a.
DOTI: https://doi.org/10.5039/agraria.v14i4a6642.

SANTANA, L.G.L. Potencial de progénies de citros na
geracio de variedades porta-enxerto. 2015. 76p. Dissertagao
(Mestrado) — Universidade Federal do Reconcavo da Bahia, Cruz
das Almas.

SANTOS, J.C.; AZEVEDO, C.L.L.; CARVALHO, J.E.B. de;
OLIVEIRA, S.P. de; FERREIRA, A. de S.; SILVA, J.F. da. Initial
production and fruit quality of scion-rootstock combinations in
orange trees in Amazonas. Revista Brasileira de Fruticultura,
v.43, e-156, 2021. DOI: https://doi.org/10.1590/0100-29452021156.

SOARES FILHO, W. dos S. DIAMANTINO, M.S.A.S.;
MOITINHO, E.D.B.; CUNHA SOBRINHO, A.P. da; PASSOS,
0O.S. ‘Tropical”: uma nova seleg@o de tangerina 'Sunki'. Revista
Brasileira de Fruticultura, v.24, p.127-132, 2002. DOLI:
https://doi.org/10.1590/S0100-29452002000100028.

SOUZA, E.S. de; FERNANDES, A.R.; BRAZ, AM. de S;
OLIVEIRA, F.J. de; ALLEONI, L.R.F; CAMPOS, M.C.C.
Physical, chemical, and mineralogical attributes of a representative
group of soils from the eastern Amazon region in Brazil. Soil, v.4,
p-195-212, 2018. DOI: https://doi.org/10.5194/s0il-4-195-2018.

STENZEL, N.M.C.; NEVES, C.SV.J.; SCHOLZ, M.B. dos S;
GOMES, J.C. Comportamento da laranjeira 'Folha Murcha' em
sete porta-enxertos no noroeste do Parana. Revista Brasileira de
Fruticultura, v.27, p.408-411, 2005. DOLI: https://doi.org/10.1590/
S0100-29452005000300017.

USDA. United States Department of Agriculture. Foreign
Agricultural Department. Production — Oranges: top producing
countries. Washington, 2025. Available at: <https:/www.fas.
usda.gov/data/production/commodity/0571120>. Accessed on:
Aug. 21 2025.

Pesq. agropec. bras., Brasilia, v.60, e04134, 2025
DOI: 10.1590/S1678-3921.pab2025.v60.04134


https://www.ibge.gov.br/explica/producao-agropecuaria/
https://www.ibge.gov.br/explica/producao-agropecuaria/
https://www.R-project.org
https://doi.org/10.1590/1678-4499.20200407
https://doi.org/10.1590/S1678-3921.pab2019.v54.01349
https://doi.org/10.18677/EnciBio_2018B30
https://doi.org/10.5039/agraria.v14i4a6642
https://doi.org/10.1590/0100-29452021156
https://doi.org/10.1590/S0100-29452002000100028
https://doi.org/10.5194/soil-4-195-2018
https://doi.org/10.1590/S0100-29452005000300017
https://doi.org/10.1590/S0100-29452005000300017
https://www.fas.usda.gov/data/production/commodity/0571120
https://www.fas.usda.gov/data/production/commodity/0571120

Rootstocks for citrus orchards in the state of Para

Author contributions

Fabio de Lima Gurgel: investigation, formal analysis,
methodology, supervision, writing - review & editing;
validation; project administration; Warley Nogueira Coutinho:
investigation, software; Jamerson Araujo Souza: investigation,
software; Eric Victor de Oliveira: formal analysis, investigation,
methodology, supervision, writing — review & editing; Davi
Henrique Lima Teixeira: formal analysis, methodology,
software, validation; Eduardo Augusto Girardi: methodology,
writing — review & editing; Orlando Passos: methodology,
writing — review & editing; Walter dos Santos Soares Filho:
formal analysis, methodology, project administration,
supervision, validation, writing — review & editing.

Chief editor: Edemar Corazza
Edited by: Daniel Kinpara
Data availability statement

The data supporting the findings of this study are available
in the article. Should any raw data be needed, they will be
provided by the corresponding author upon reasonable
request.

Declaration of use of Al technologies

No generative artificial intelligence (Al) was used in this study.

9 of 9

Conflict of interest statement

The authors declare no conflicts of interest.

Acknowledgments

To Conselho Nacional de Desenvolvimento Cientifico e
Tecnolégico (CNPq), for scholarship to Warley Coutinho;
to Empresa Brasileira de Pesquisa Agropecuaria (Embrapa),
for financial support (project numbers 20.22.01.005.00.00,
20.22.01.005.00.06, and 20.22.01.005.00.06.006); and to
Fazenda Lima (Capitdo Poco - PA), for the partnership
established through technical cooperation agreement
that allowed the production of seedlings, implementation,
management, harvesting and evaluation of experiments.

Disclaimer/Publisher’s note:

The statements, opinions, and data contained in all
publications are solely those of the individual author(s)
and not of Pesquisa Agropecuaria Brasileira (PAB) and
its editorial team. PAB and its editorial team disclaim
responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred
to in the article.

Pesq. agropec. bras., Brasilia, v.60, e04134, 2025
DOI: 10.1590/S1678-3921.pab2025.v60.04134



