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Abstract

Huanglongbing (HLB) has been a serious threat to the citrus industry worldwide. After its first report in Sdo Paulo State, the main
citrus production area in Brazil, the disease spread to the States of Minas Gerais, Parana and Mato Grosso do Sul. Attempts to
cure plants or remiss disease symptoms and damages have been evaluated and showed to be inefficient and nonviable. The
development of resistant or tolerant varieties to the bacteria or its insect vector, the Asian citrus psyllid Diaphorina citri, is still a
long term challenge. Earlier HLB management has been based on preventive measures such as planting of healthy nursery trees,
elimination of diseased trees, and vector control. Supported by both research data and citrus grower experiences, HLB manage-
ment in Sdo Paulo and Triangulo/Sudoeste Mineiro citrus belt has been improved from measures individually applied only into
the orchards to regional disease management, including differentiated psyllid control in the orchards based on tree location and
shoot flushing, area-wide coordinated control of psyllids, and removal of inoculum sources in noncommercial properties in the
vicinity of commercial orchards. In addition, the negative impact of HLB on orchard production and longevity has been reduced
with wide adoption of better cultural practices such as high-density planting, irrigation, and adequate nutrition. Unlike in other
countries where HLB reached epidemic levels, the management of HLB in Sdo Paulo and Triangulo/Sudoeste Mineiro citrus belt
has been considered a success case and has ensured the maintenance of citrus production and competitiveness of the Brazilian
citrus industry while new, more durable, and sustainable measures are not yet available.
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Introduction

Citrus huanglongbing (HLB or citrus greening), known since
1870 in Southeast Asia (Lin 1956), is considered the major
threat to citrus industry worldwide because of the rapid
spread, severe damage to citrus production and fruit quality,
and the difficulty of control (Bové 2006).

HLB was first reported in Brazil in 2004 (Coletta-Filho
et al. 2004; Teixeira et al. 2005a). Initially, the disease was
limited to the municipalities located in the center of Sao Paulo
State. ‘Candidatus Liberibacter asiaticus’, the bacterium spe-
cies described as the associated agent of HLB in Asian coun-
tries, was rarely detected in these early cases. Less than 2% of
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leaf samples that showed typical symptoms of HLB, namely,
diffuse and asymmetrical chlorosis (known as leaf mottling),
contained 'Ca. Liberibacter asiaticus’. The common agent that
was present in over 98% of the ‘Ca. Liberibacter’-positive
samples was a new organism, since characterized as a new
species of ‘Ca. Liberibacter’ and named ‘Ca. L. americanus’
(Teixeira et al. 2005a, b). However, within four years, this
scenario completely reversed and ‘Ca. L. asiaticus’ became
the predominant species in all S3o Paulo orchards (Lopes et al.
2009a), and other locations where HLB was detected in the
Americas. Currently, ‘Ca. L. asiaticus’ is present in over
99.9% of all ‘Ca. Liberibacter’-positive field samples ana-
lyzed at the Fund for Citrus Protection (Fundecitrus) diagnos-
tic laboratory. This rapid shift in ‘Ca. Liberibacter spp.” prev-
alence seems to be associated with differences in some char-
acteristics that give ‘Ca. L. asiaticus’ important epidemiolog-
ical and competitive advantages over ‘Ca. L. americanus’.
The first species tolerates higher temperatures and reaches
higher titers in plant tissues, which favors acquisition and
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transmission by the insect vectors, and spread to larger and
climatologically distinct citrus growing locations (Lopes et al.
2009a, b, 2013, 2017; Coletta Filho et al. 2010; Gasparoto
etal. 2012).

After the first HLB outbreak, the disease spread to all 340
citrus-producing municipalities in the State of Sdo Paulo, with
higher incidences in the center and lower at the north, north-
west, and south (Fundo de Defesa da Citricultura 2019b). In
Minas Gerais State, the first outbreak was reported in 2005 in
the municipality of Monte Santo de Minas in the southern
region of the state (Castro et al. 2010). In 2019, HLB was
already present in 60 municipalities of southern Minas
Gerais State and southern and southwestern Triangulo
Mineiro (Instituto Mineiro de Agropecuaria 2019). In Parana
State, HLB was first reported in 2007, in the municipality of
Altdnia in the northwest (Nunes et al. 2010) and in 2019, HLB
was present in 138 municipalities in the northern, northwest-
ern, and western regions (Agéncia de Defesa Agropecuaria do
Parana 2019). In August 2019, the disease was first reported in
16 municipalities of the State of Mato Grosso do Sul (Diario
Oficial Da Unido 2019) (Fig. 1).

Data provided by citrus growers in Sdo Paulo State
(Coordenadoria de Defesa Agropecuaria do Estado de
Sao Paulo 2019), indicated that approximately 55.5 million
sweet orange trees with symptoms of the disease were
eliminated between January 2005 and June 2019 (Fig. 2).
The number of citrus farms declined from 14.6 thousand in
2007 to 9.5 thousand in 2018 (Coordenadoria de Defesa
Agropecuaria do Estado de Sdo Paulo 2019), with the
greatest impact on small and medium-sized citrus growers

that were unable to control and cope with the damage
caused by HLB.

Citrus huanglongbing spread in Brazil

The main pathway for the disease spreading into Sdo Paulo
and Parana States was the insect vector, the Asian citrus psyl-
lid Diaphorina citri Kuwayama (Hemiptera: Liviidae)
(Capoor et al. 1967). The HLB bacterium can also be
transported in propagating material (budwood and nursery
plants) and transmitted by grafting of infected tissues (Lin
1956). However, since 2003 in Sdo Paulo State (Diario
Oficial Do Estado de Sao Paulo 2003) and 2008 in Parana
State (Diario Oficial Do Estado Do Parana 2008), all citrus
plants have been grown and kept in insect-proof screened
nurseries until they are sold. All plants that come from the
nurseries must be free of HLB-associated bacteria, which
has limited dissemination by transportation of infected plants
or plant tissues in these states.

Studies on the spatial patterns of HLB-symptomatic trees
(Gottwald et al. 1989, 2007; Bassanezi et al. 2005) and the
dispersal of marked psyllids (Boina et al. 2009a; Tomaseto
et al. 2016) suggest that the insect vector disperses over short
distances. Usually, short-distance dispersion is from one tree
to the nearest, or between trees in the same blocks or adjacent
blocks less than 200 m apart. Long-distance dispersion (>2
km) has been demonstrated both indirectly, by detection of
symptomatic trees in an orchard far from disease-affected
areas (Bassanezi et al. 2010, 2013b; Gottwald et al. 2007,
2010b; Martini et al. 2013) or using a flight mill apparatus

Fig. 1 The Brazilian
municipalities (in dark grey) in
the States of Sdo Paulo (SP),
Minas Gerais (MG), Parana (PR)
and Mato Grosso do Sul (MS)
where citrus huanglongbing was
officially detected, since the first
occurrence in March 2004 up to
September 2019

Paraguay
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(Arakawa and Mivamolo 2007; Martini et al. 2014), and di-
rectly, from the spatial distribution of milk protein-labelled
insects (Lewis-Rosenblum et al. 2015). Long-distance disper-
sion by the insect is probably associated with short sequential
flights or air movements since the musculature in relation to
wing size is considered weak in D. citri (Sakamaki 2005),
making active long-distance flights difficult.

Temperature and humidity play an important role in the
initiation of flight activity of D. citri (Tomaseto et al. 2018).
Thereafter, the psyllid is guided by visual and olfactory cues to
a plant host, mainly when the plants produce new growth
(Wenninger et al. 2009; Patt and Sétamou 2010; Miranda
etal. 2015; Tomaseto et al. 2019). Diaphorina citri exclusive-
ly lay eggs on young shoots (Cifuentes-Arenas et al. 2018),
therefore, dispersal and movement of D. citri between neigh-
boring orchards are influenced by the appearance of new
young shoots (Tomaseto et al. 2016). New growth, in turn,
is affected by several factors including climate, tree variety
and age, water availability (H.T. Oliveira unplublished data),
fertilization levels, and pruning. The psyllid disperses faster
and over longer distances in the absence of new shoots
(Tomaseto et al. 2016). The long-distance (Arakawa and
Mivamolo 2007; Martini et al. 2014; Lewis-Rosenblum
et al. 2015) and frequent dispersion of D. citri between or-
chards (Boina et al. 2009a; Hall and Hentz 2011) makes ex-
tremely difficult to prevent the introduction of HLB disease
into new areas, even if they are located a few kilometers from
inoculum sources.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Attempts to cure or remedy disease
symptoms

There is some variability in the degree of susceptibility of
Citrus species and varieties to HLB (Folimonova et al. 2009;
Albrecht et al. 2012; McCollum et al. 2016). However, the
absence of Citrus species that are highly resistant or immune
to HLB means it is difficult to generate HLB-resistant com-
mercial varieties through traditional breeding methods.
Therefore, many researchers are committed to detecting
plants in Rutaceae that harbor immunity, resistance, or tol-
erance to the bacterium or the psyllid vector (Folimonova
et al. 2009; Albrecht and Bowman 2012; Bowman et al.
2016; Ramadugu et al. 2016). Developing HLB-resistant
plants using genetic engineering is another strategy (Felipe
et al. 2013; Dutt et al. 2015; Alquézar et al. 2017; Miyata
et al. 2017; Zou et al. 2017; Guerra-Lupian et al. 2018;
Tavano et al. 2019). These are long-term strategies and,
to date, a variety that is resistant to HLB has not been
developed. Particularly in the case of genetically modifica-
tion, the engineered plants will be also subjected to regu-
latory and consumer approvals.

Several unsuccessful attempts have been made to cure or
reduce HLB symptoms, especially in the state of Florida
(USA), where most citrus growers have chosen to live with
diseased trees rather than eliminate them. Some of these prac-
tices have also been evaluated as a possible alternative to the
recommended preventive management in Brazil. Pruning of
symptomatic branches (Lopes et al. 2007; Vashisth and
Livingston 2019), steam thermotherapy (Hoffman et al.
2013; Lopes et al. 2014; Kelley and Pelz-Stelinski 2019),
enhanced nutritional programs (ENP) (Xia et al. 2011;
Gottwald et al. 2012; Stansly et al. 2014; Bassanezi et al.
2016, 2019), potential resistance inducers (Li et al. 2016;
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Bassanezi et al. 2016; Hu et al. 2018), phytohormones
(Canales et al. 2016; Hu et al. 2018), and antibiotic application
(Zhang et al. 2014; Shin et al. 2016; Yang et al. 2016; Hu and
Wang 2016; Hu et al. 2018) are among the measures studied.
Although some of these control measures have produced pos-
itive results, the level of control was not high enough or would
not be economically feasible to be adopted on a large scale in
the field.

The rapid movement of the bacterium to the roots (Raiol
Junior et al. 2017) is the main cause for the failure of pruning
and thermotherapy. For ENP, resistance inducers, phytohor-
mones, and antibiotic treatments have no direct effects or very
mild effects on HLB bacteria titers, maintenance of tree health,
yield and fruit quality. ENP only corrects mineral deficiencies
in the healthy parts of diseased trees but does not reduce HLB
symptoms of leaf mottle and lopsided fruit (Gottwald et al.
2012; Stansly et al. 2014; Bassanezi et al. 2016, 2019;
Vashisth and Livingston 2019). In 2016, the antibiotics strep-
tomycin sulfate, oxytetracycline hydrochloride, and oxytetra-
cycline calcium complex were approved for emergency field
use in foliar sprays to treat HLB in Florida but after two years
the results were inconclusive (Blaustein et al. 2018).
Application via trunk injection seems promising (Hu and
Wang 2016; Hu et al. 2018) but is highly labor intensive.
Populations of residual bacteria that survived the treatment
have also been reported to regrow over time (Hu and Wang
2016). Thus, long-term use of antibiotics may be needed to
control HLB, which leads to problems with operational costs
and potential adverse environmental effects (Blaustein et al.
2018).

HLB management in Sao Paulo
and Tridangulo/Sudoeste Mineiro citrus belt

Since 2004, management of HLB in Brazil, and especially in
the Sao Paulo and Triangulo/Sudoeste Mineiro citrus belt
(SPTM), has been based on recommendations aimed at
preventing the infection of new trees. However, the effective-
ness of this management strategy is monitored closely and
adjustments have been made based on research results and
grower mistakes and successes (Fig. 3).

From 2004 to 2009, control measures focused almost ex-
clusively on commercial orchards. Management involved a
three-pronged system, namely, planting of healthy nursery
plants, monitoring and control of D. citri, and detection and
prompt removal of HLB-symptomatic trees (Bové 2006;
Belasque et al. 2009, 2010a, 2010b). Before the first report
of HLB, citrus growers from SPTM were already using con-
trol measures recommended for citrus canker and citrus var-
iegated chlorosis (CVC). These important diseases require
exclusion, eradication, and protective management practices
such as 7) the planting of healthy nursery plants; ii) frequent
reduction of inoculum sources (Citrus Canker Eradication
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Program and elimination or pruning of CVC affected trees);
and 7ii) insect vector control (application of contact and sys-
temic insecticides to control the sharpshooter vectors of
Xylella fastidiosa, the causal agent of CVC). The experience
and knowledge gained in the management of these diseases,
supported by research institutions and plant protection agen-
cies, facilitated grower acceptance of the preventive recom-
mendations to control HLB (Bové 2006).

The use of healthy nursery plants with certified propagative
material, produced in nurseries protected by insect-proof
screens, assured the health of newly planted orchards.
However, the health condition of these young plants could
change rapidly because, once in the field, the plants were
exposed to ‘Ca. Liberibacter spp.’-carrying and infectious
adult psyllids if they were not otherwise protected.

Reduction of inoculum sources in commercial orchards

To eliminate inoculum sources, inspection and removal of
symptomatic trees were generally carried out 4 to 12 times
throughout the year in all citrus blocks of a farm (Belasque
et al. 2010a, b). Starting in 2005, diseased tree removal be-
came mandatory and was undertaken by officials of the
Vegetal Sanitary Defense, regulated by the normative instruc-
tions of the Brazilian Ministry of Agriculture Livestock and
Supply (MAPA). The first MAPA’s Normative Instruction (#
10 of 03/18/2005), was replaced by a second (# 32 of 09/29/
2006), and finally by a third (# 53 of 10/18/2008), which states
that citrus growers must carry out at least four inspections per
year (two inspections each semester), immediately eliminate
all trees with HLB symptoms, and communicate their actions
through a report sent every six months to the State Plant
Protection Agency. The Plant Protection Agency has the re-
sponsibility to supervise grower actions and to notify violators
(Ruiz et al. 2010).

At first, these official plant protection actions served to
slow disease progression, which provided time to accumulate
additional knowledge of disease etiology, epidemiology, and
control. By 2010, the number of eradicated trees reported to
the Plant Protection Agency Coordination of Sdo Paulo State
was similar to the number of HLB-symptomatic trees present
in commercial orange orchards of SPTM (as estimated by
Fundecitrus based on annual sampling surveys carried out
every year from April to July) (Fig. 2). However, the official
HLB Eradication Program was neither efficient enough to
completely eradicate the disease, nor to prevent it from spread-
ing to other orchards. The incidence of symptomatic trees
increased from 0.61% in 2008 to 17.89% in 2015 (Fig. 2)
(Fundo de Defesa da Citricultura 2019b). After 2010, as the
disease continued to spread, growers’ voluntary adherence to
and acceptance of the eradication program and law enforce-
ment diminished. The decision to eliminate symptomatic trees
was left only in the growers’ hands. Consequently, after 2010,
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Fig. 3 Evolution of huanglongbing management practices in Sdo Paulo State, Brazil

the estimated difference between the number of HLB-
symptomatic-trees and the number of eliminated trees pro-
gressively increased (Fig. 2).

For growers, it is easier to eliminate diseased trees when
they are young (up to five years old) or when the disease
incidence is still very low because the cost and the economic
losses will also be low. Growers know that a young diseased
tree will lose its productive capacity very quickly and will
never become productive, and it can be replaced by a new
healthy tree. However, when growers feel unable to prevent
disease progression and it reaches high levels in the orchards,
they rarely agree to eliminate trees, unless the orchard is al-
ready unprofitable. In this case, if the bearing trees with early
symptoms are still productive, their elimination represents an
immediate revenue loss with a consequent faster exit from the
business. In general, from the first appearance of HLB symp-
toms in 8- to 12-year-old orange trees, it can take four to five
years for the yield to decrease by approximately 60%, com-
pared with non-symptomatic trees (Bassanezi 2018). These
trends can be clearly seen in comparisons of the progress of
incidence of HLB-symptomatic orange trees in different clas-
ses of tree ages in SPTM (Fig. 4a).

Over time, it became apparent that the elimination of HLB-
symptomatic trees within commercial orchards—when
adopted alone by a grower located in a region with a high
incidence of the disease, and/or whose orchard was relatively
small—had little effect on reducing disease progression within
an orchard (Bassanezi et al. 2013a, b). First, the disease has a

relatively long incubation period of at least four months after
infection (Coletta Filho et al. 2010), while the latent period is
short, i.e., in 10 to 15 days the tissue of the infected sprout is
already infectious (Lee et al. 2015). Therefore, infected but
still asymptomatic trees already represent a potential inoculum
source for contamination of other trees prior to its visual de-
tection by inspection teams. Thus, elimination of symptomatic
trees always lags behind new infections. Second, inspections
to detect symptomatic trees are inefficient, requiring several
surveys throughout the year with trained teams to find only a
portion of the infected trees (Belasque et al. 2009). Third,
secondary infections occur when psyllids acquire bacteria
from infected trees within the orchard and transmit it to new
trees in the same orchard. While removal of inoculum sources
within an orchard plays an important role in curbing the
spread of secondary infections, it has no effect in suppressing
primary infections caused by psyllids that acquired the patho-
gen in inoculum sources outside the commercial orchards
(Bassanezi et al. 2013a, b). Secondary infections are equal to
or more important than primary infections only in the absence
of psyllid control and removal of diseased trees inside the
orchard (Gottwald et al. 2008a; Gottwald 2010a). In orchards
with frequent psyllid control and/or removal of diseased trees,
secondary infections are almost nil and the epidemic is driven
mainly by continuous primary infections (Bergamin Filho
et al. 2016). Thus, elimination of inoculum sources should
also be conducted outside commercial orchards, in rural and
urban areas, and abandoned or poorly managed orchards.
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Fig. 4 Incidence progress of 20

HLB-symptomatic orange tress in
the Sao Paulo and Triangulo/
Sudoeste Mineiro citrus belt by
tree age (a) and farm size (b)
classes
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In the 2010s, with the disease progress in orchards (espe-
cially in small and medium farms) and the less rigorous appli-
cation of the HLB eradication law, the removal of symptom-
atic trees from commercial orchards was deemed less impor-
tant as a disease control measure by growers in relation to
insect vector control. In most cases, the frequency of inspec-
tions and eliminations of HLB-symptomatic trees was reduced
significantly to the minimum required in the normative in-
struction, which is four times a year. In cases of high disease
incidence or in older orchards close to renewal, some growers
decided not to eliminate diseased trees for economic reasons.

Insect vector control in commercial orchards

The control of D. citri is considered essential for effective
HLB management. Several studies have reported high effec-
tiveness of different chemical groups of insecticides (pyre-
throids, organophosphates, neonicotinoids, and diamides) on
the mortality of D. citri. The systemic insecticides are applied
to the trunk or as a drench in trees younger than two years old

@ Springer
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while the contact insecticides are applied as foliar sprays
(Childers and Rogers 2005; Yamamoto et al. 2009; Qureshi
etal. 2014; De Carli et al. 2018; Boina and Bloomquist 2015).
Growers in SPTM are only permitted to use insecticides from
a list supplied by Integrated Production of Citrus to comply
with regulations of orange juice importing countries.

From the outset of HLB in SPTM, the greater attraction of
young plants to psyllids and faster disease incidence and dam-
age progress in younger orchards were noted (Belasque et al.
2010a). Thus, a similar strategy for the control of CVC sharp-
shooter vectors was recommended for the control of HLB
vector. In young orchards, two applications of systemic insec-
ticides in the rainy season and year-round biweekly or month-
ly scheduled contact insecticide sprays were common. In bear-
ing orchards, monthly contact insecticides were sprayed
(Belasque et al. 2010a, b). The frequency of insecticide appli-
cations varied very little as a result of plant phenology or citrus
block position in the farm. There was also no coordination
among neighboring citrus growers for simultaneous applica-
tion of insecticides for psyllid control. Over time, however, the
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insecticide programs based on the spraying intervals for CVC
vector control were deemed insufficient to HLB control
(Gatineau et al. 2010; Bassanezi et al. 2013a; Stansly et al.
2014). Compared with sharpshooters, the control of D. citri
requires shorter intervals between applications (De Carli et al.
2018).

In order to prevent secondary infections from diseased trees
in an orchard, and primary infections by psyllids from outside
the orchard, psyllid control has been conducted more fre-
quently in commercial orchards. Contact insecticide sprays
at biweekly intervals provide an opportunity to prevent sec-
ondary infections. This spray interval is shorter than the egg-
to-adult psyllid life cycle, which has a minimum duration of
about 14 days (Nava et al. 2007), therefore, this application
frequency prevents new adult psyllid outbreaks from occur-
ring on a diseased tree. Additionally, if bacteria are acquired
by an adult psyllid from a diseased tree, they will probably not
be transmitted to another tree before the insecticide kills the
psyllid. There is an average latency of approximately 17 days
(minimum 11 days) before the psyllid is able to inoculate a
plant with the acquired bacteria (Canale et al. 2017).
Additionally, ‘Ca. L. asiaticus’ transmission by adult psyllid
is more efficient when the bacteria are acquired during the
nymph stage than as an adult (Inoue et al. 2009; Pelz
Stelinski et al. 2010).

The continued emergence of diseased trees in orchards un-
der biweekly insecticide application was an indication that
vector insect control did not completely prevent new infec-
tions from bacterialiferous psyllids from outside the orchard
(primary infections) (Bassanezi et al. 2013b; Gottwald et al.
2008a; Bergamin Filho et al. 2016). Psyllids are constantly
searching for new citrus shoots to feed and lay eggs on (Hall
et al. 2016; Cifuentes-Arenas et al. 2018). In order to prevent
primary infections, therefore, shoots in commercial orchards
must be protected throughout their developmental stages.
During flushing periods, which is the most critical period for
the transmission of the bacteria by the insect (Hall et al. 2016;
Cifuentes-Arenas et al. 2018), more frequent insecticide
sprays are necessary (De Carli et al. 2018). According to re-
gional psyllid monitoring conducted by Fundecitrus in SPTM,
this stage usually occurs from late winter to late summer.
Generally, blocks with young trees that are constantly
sprouting, or freshly pruned or irrigated trees, which have
induced shooting, should be sprayed more frequently from
bud development to leaf maturity (Cifuentes-Arenas et al.
2018).

The period for successful psyllid control using foliar sprays
depends on the insecticide active ingredient, foliar stage
(growing immature leaves or mature leaves), and weather con-
ditions after application, especially rain. During the dormancy
period, when the leaves are fully expanded and mature, the
residual period of these insecticides ranges from 7 to 30 days
(Childers and Rogers 2005; Yamamoto et al. 2009; Qureshi

etal. 2014; Boina and Bloomquist 2015; De Carli et al. 2018).
During the shooting period, when new shoot tissue grows
daily (Cifuentes-Arenas et al. 2018), the area of the leaf cov-
ered by insecticide residue decreases, resulting in low biolog-
ical persistence of the active ingredient and a short residual
period, from 7 to 14 days (De Carli et al. 2018). Thus, to
reduce primary infections there are two possible options: 7)
increase the frequency of insecticide applications in commer-
cial orchards, and i7) adopt a regional approach for disease
control.

In order to minimize primary infections, spraying of con-
tact insecticides at intervals <7 days are required during the
shoot growth phase (De Carli et al. 2018). More frequent
insecticide applications incur higher costs and generate poten-
tial residual and environmental contamination problems,
which can make their adoption unsustainable in the long term.
However, improved understanding of adequate spray vol-
umes, active ingredient dosage, and the critical period for
infection have allowed for more rational and sustainable use
of insecticides. Studies carried out by Fundecitrus researchers
have demonstrated that a reduction in the standard volume
used by citrus growers (70-80 ml spray mixture/m* of tree
canopy) to a volume of 25-40 ml of spray mixture/m?* of tree
canopy, at the same insecticide concentration (grams of active
ingredient/L), resulted in the same control efficacy against
D. citri (M.P. Miranda, unpublished data). These volumes
have lower environmental impact and economic costs because
of'the reduction in insecticide, water, and diesel fuel consump-
tion per application per hectare.

When adult psyllids move from one orchard to another,
they tend to concentrate on the trees near the periphery of
the planting, and gradually decrease towards the middle of
the farm. More than 80% of insects are caught in the first
100200 m of the orchard border (Boina et al. 2009a;
Sétamou and Bertels 2015), which explains the similar gradi-
ent of diseased trees from the edge of farms (Fig. 5a)
(Bassanezi et al. 2005; Gottwald et al. 2008b; Gasparoto
et al. 2018). Thus, insecticide applications should be more
frequent along this edge or on blocks located at the farm’s
periphery, and less frequent in the inner part of the farm that
is less exposed to migrating psyllids. According to the 2019
annual citrus disease survey, the average incidence of HLB-
symptomatic sweet orange trees in edge blocks (within 100 m
of the farm boundary) was 22.6%, while the inner blocks was
8.3% (Fundo de Defesa da Citricultura 2019b). To complicate
the matters further, 76% of the orange trees in SPTM are
located in edge blocks, which shows how vulnerable the citrus
belt is to the HLB epidemics.

The width of this edge range is virtually constant regardless
of the size of the farm. For large planting areas of hundreds of
hectares, the ratio of the border area to the total farm area is
smaller and only the outermost areas near the farm boundary
will be affected. In the central areas, psyllid and HLB control

@ Springer



258

Trop. plant pathol. (2020) 45:251-264

Fig.5 Aerial view of sweet orange orchards. a Orchard border with high concentration of removed HLB-affected trees. b New citrus plantings prepared
to control HLB with large square inner blocks and edge blocks with parallel rows in relation to the orchard boundary

efficiency will be higher. In small farms of a few dozen hect-
ares, the border to area ratio is higher, leaving them more
exposed to primary infections from neighboring orchards
(Bassanezi et al. 2013a, b). This finding explains why smaller
farms tend to have a higher disease incidence. In SPTM, in
2019, the incidence of HLB-symptomatic sweet orange trees
in farms with up to 10,000 trees (or 21 ha) was 47.5%, while
in farms with more than 200,000 trees (or 420 ha) the disease
incidence was 10.2% (Fig. 4b) (Fundo de Defesa da
Citricultura 2019b).

The high concentration of psyllids on trees near the periphery
of farms has also been used to rationalize tree sampling in places
where the disease is not yet present (Bassanezi et al. 2010;
Laranjeira et al. 2015). Hence, the best target locations for mon-
itoring the migrant psyllid population have been established,
with the aim of determining the critical times for insecticide
applications and preventing further infections (Bassanezi et al.
2010). For D. citri monitoring, yellow sticky cards are recom-
mended due to their greater effectiveness than other methods,
e.g., tap and visual inspection (Miranda et al. 2018).

Currently, psyllid control is contingent on tree age, vegeta-
tive stage, and block position. For nursery trees, drench appli-
cation of systemic insecticides one to five days before planting
is recommended. For young trees (up to three years old), three
to four applications per year of systemic insecticides by drench
or trunk are recommended during the shooting period, plus
foliar applications at intervals of 7 to 14 days. For mature trees
(> 3 years old), foliar applications at intervals of 7 to 28 days
are recommended (more frequently during the shooting period
and in blocks at the edge of the farm) (Miranda et al. 2017).

Biological and physical tools to control psyllids have
been developed and tested in the field in order to replace
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some chemical insecticide applications and reduce side ef-
fects. A bioinsecticide based on the virulent strain of the
entomopathogenic fungus Isaria fumosorosea ESALQ-1296
was developed in a joint project of the Koppert Biological
System, University of Sao Paulo, and Fundecitrus. Similar
efficacy to chemical insecticides in terms of D. citri adult
control was observed under field conditions (Ausique et al.
2017). Preventive applications of processed kaolin interfered
negatively in the ability of D. citri to find the host plant and in
the proportion of individuals that were able to reach the citrus
phloem, suggesting its potential to reduce HLB primary infec-
tion (Miranda et al. 2018).

Regional management of huanglongbing

Depending on the external inoculum pressure, the control of
primary infections cannot be completely guaranteed even with
frequent insecticide applications. Its effectiveness is also in-
fluenced by factors such as failure of insecticide applications
to cover new shoots, and rain-washing of products, which
present opportunities for psyllids to feed in the shoots and
consequently transmit the pathogen.

Due to psyllid mobility, commercial citrus orchards recent-
ly treated with insecticides are rapidly reinfested with psyllids
from untreated neighboring orchards (Boina et al. 2009a; Hall
and Hentz 2011) which increases the opportunity of new pri-
mary infections. In 2009, the first group of citrus growers for
area wide control of the psyllid was established in the region
of Santa Cruz do Rio Pardo (SP). The aim of this group was to
promote regional psyllid monitoring and coordinate simulta-
neous insect control in all commercial citrus orchards in the
region. This region-wide spray prevents insect vector
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reinfestation just after insecticide application so psyllid con-
trol last longer. Later, with the support of Fundecitrus, new
groups were organized and structured and in 2011, the
Phytosanitary Alert program (http://www.fundecitrus.com.br/
alerta-fitossanitario) was created (Bassanezi et al. 2013a). In
this program, growers voluntarily monitor the psyllid popula-
tion every two weeks with yellow sticky cards, which are
strategically positioned and georeferenced at the perimeter of
each farm. The number of psyllids caught per trap and the
vegetative stage of the citrus tree are the input data for the
system. Alerts are sent to all citrus growers in the region,
whether or not they are participating in the data collection,
based on the growing trend of the psyllid population and the
predominant citrus vegetative stage. The alert guides citrus
growers to take actions, namely, to carry out a coordinated
regional spray in commercial citrus orchards, usually within
a week. On average, seven to nine alerts have been released
per year, varying by region. Usually, the alerts are concentrat-
ed between late winter/early spring to late summer/early au-
tumn. In 2019, the Phytosanitary Alert had 13 regional man-
agement groups (10 in Sdo Paulo, 1 in Minas Gerais, and 2 in
Parand). In addition to grower monitoring, a Fundecitrus team
monitors psyllid populations in commercial orchards of small
growers and sites with poor or no psyllid management, such as
rural and residential back yards. In total, approximately
32,600 yellow sticky cards monitor the psyllid population
biweekly in an area of > 276,000 hectares.

Programs similar to the Fundecitrus® Alert System have
also been developed and used in other locations. In Florida,
Texas, and California, USA, Citrus Health Management Areas
(CHMASs) have been established (National Academy of
Sciences 2010), and in Mexico, there are Regional Control
Areas (ARCOs) (Robles 2012). Despite the proven advan-
tages of regionally reducing insect vector populations and
primary infections, it is rare that all citrus growers in a region
adhere to joint sprays. Therefore, there are always uncon-
trolled areas where the psyllid can take refuge and reproduce.
The efficiency of regional psyllid control is directly related to
the level of citrus grower participation in coordinated insecti-
cide applications (Singerman et al. 2017a). This participation,
in turn, is linked to factors such as non-participation of neigh-
boring citrus growers, individualism in how to manage the
disease, and the effort required to coordinate joint applications
(Singerman et al. 2017b).

Even if all citrus growers took part in regional psyllid con-
trol in their commercial orchards, primary infections would
still continue. Citrus plants are present in abandoned orchards,
non-commercial orchards, backyards, pastures, and forests
that could be infected by HLB. Usually, these do not receive
the insecticide applications recommended by the
Phytosanitary Alert or any other treatment for psyllid control.
For this reason, these trees can contribute to increases in the
population of bacterialiferous psyllids. Actions beyond those

on commercial citrus farms are necessary, therefore, to com-
plement the control of these primary inoculum sources
(Bergamin Filho et al. 2016). Such actions could include the
elimination of diseased trees or, if not possible, application of
chemical or bioinsecticides, or release of the psyllid parasitoid
Tamarixia radiata (Waterston) (Hymenoptera: Eulophidae)
(Michigami et al. 2015; Johnson and Bassanezi 2016; Parra
etal. 2016).

Since 2011, few growers have performed this practice on a
punctual and individualized basis on their orchards. The first
results demonstrated a good benefit-cost relation of these mea-
sures for the control of HLB primary infections. The annual
HLB infection rate was reduced by 40 to 75% one year after
the adoption of external management actions, at 10% of the cost
of the total disease control adopted within the farm (Michigami
et al. 2015; Johnson and Bassanezi 2016). Starting in 2017,
these external actions became part of Fundecitrus’ HLB
Combat Program and ‘Protected Areas’ have been voluntarily
established throughout the SPTM. Each ‘Protected Area’ con-
sists of one or more neighboring citrus orchards whose owners
establish a partnership with Fundecitrus to carry out the external
management actions. In this program, the Fundecitrus team
locates all possible commercial and non-commercial properties
with citrus and orange jasmine (Murraya paniculata) trees pres-
ent in a radius of 5 km around the properties located in the
‘Protected Area’. The Fundecitrus team also negotiates the re-
placement of citrus and orange jasmine trees by non-citrus fruit
or ornamental plants. The partner citrus growers are responsible
for the elimination of HLB host plants and their replacement. In
the case of citrus trees in pasture or woodland, all labor for
inspection and removal of infected trees is on behalf of the
partner citrus growers. In the case of abandoned orchards, ne-
gotiations are made to eliminate the entire orchard, with a
strong recommendation to spray insecticide before tree removal
to prevent the spread of bacterialiferous psyllids, eventually
present on tree canopy, to neighboring commercial orchards.
In some cases, neighboring growers come together to support
or even apply insecticides or release 7. radiata in poorly HLB-
managed orchards.

New orchards for HLB management

Other measures that have been gradually incorporated into the
management of this disease are related to the planning of new
plantings aimed to delay the arrival of the disease, prevent the
access of psyllids into the orchard, and facilitate more intense
border control operations. Among these measures are (i) the
selection of areas without the disease, or with a low incidence,
for new plantings; (if) planting of large and continuous areas
with a lower border area/total area ratio; (7ii) planting of larger,
continuous square blocks; and (iv) positioning the rows of edge
blocks or edge range parallel to the farm boundary (Fig. 5b).
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Since the first report of HLB, citrus growers have increas-
ingly adopted cultural practices to reduce the time for orchards
to start producing and to increase orchard productivity.
Among the main measures adopted are the use of scion-
rootstock variety combinations with higher productive effi-
ciency, adequation of fertilization programs, use of irrigation,
and higher planting density. The area of irrigated sweet orange
orchards in the SPTM increased from less than 10% in 2000 to
30% in 2019, and average tree planting density increased from
436 plants/ha in 2005 to 643 plants/ha in 2018 (Fundo de
Defesa da Citricultura 2019a). In addition, high planting den-
sity could play a role in the management of HLB epidemics.
Moreira et al. 2019) observed lower cumulative HLB inci-
dence in citrus plots with higher tree densities.

Status of HLB in SPTM

With the constant improvements in HLB management mea-
sures and orchard cultural practices, elimination of highly af-
fected orchards, and planting of new orchards, the rate of
increase in HLB incidence in sweet orange orchards of
SPTM has slowed in recent years. While the disease incidence
nearly doubled each year from 2008 to 2012, only a slight
increase from 17.89 to 19.02% was seen between 2015 and
2019 (Fig. 2) (Fundo de Defesa da Citricultura 2019b).

Despite the damage caused by HLB, efforts to control this
disease have kept production of the SPTM at around 330
million boxes of 40.8 kg in the last two decades. In contrast
to other countries where this disease is present, the Brazilian
citrus industry has been able to increase sweet orange produc-
tivity, from an average 616 boxes/ha in the 2004/2005 season
to 1051 boxes/ha in the 2019/2020 season (Fig. 6) (Fundo de
Defesa da Citricultura 2019a).
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Conclusions

So far, the HLB management experiences in the SPTM of
Brazil demonstrates that the disease can be managed if the
preventive management practices of inoculum reduction and
vector control are applied at a regional scale. The success
demands considerable individual and cooperative efforts by
citrus growers, research institutions, government agents, and
society. This is the only way to follow and the improvement of
control measures to prevent new infections should be searched
while new and more durable and sustainable measures are not
available (Bové 2012).
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