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Abstract: Huanglongbing (HLB), also known as citrus greening disease, poses a severe threat to the global citrus industry. 
This disease is caused by three species of bacteria, ‘Candidatus Liberibacter asiaticus’, ‘C. L. africanus’, and ‘C. L. ameri-
canus’. The primary pathogen vectors are the Asian citrus psyllid (Diaphorina citri Kuwayama, Hemiptera: Psyllidae) and 
the African citrus psyllid (Trioza erytreae Del Guercio, Hemiptera: Triozidae). The disease is incurable, and its manage-
ment relies on reducing vector densities and the adverse effects of bacterial infections on host trees. Managing psyllid vec-
tors, especially D. citri, has proven exceptionally challenging due to its rapid spread and subsequent difficulty in containing 
and suppressing newly detected populations. This article reviews strategies developed to manage HLB and its vectors in 
different regions of the world with a focus on the challenges likely to be faced by the Mediterranean region. Diaphorina 
citri has recently invaded the Mediterranean region and T. erytreae has been encroaching via the northern Iberian Peninsula 
for several years. Currently, HLB has not been detected in this important citrus production area. Therefore, this area must 
implement preventive measures and proactively prepare for potential invasions by D. citri, T. erytreae, and HLB-causing 
pathogens by developing and adopting comprehensive management strategies in advance of anticipated invasion events. 
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Moreover, this review highlights the need for coordinated research and policy frameworks to combat HLB and its psyllid 
vectors at regional, national and international levels within the Mediterranean region.

Keywords: Diaphorina citri; Trioza erytreae; Tamarixia; huanglongbing; integrated pest management; citrus disease 
management

1	 Introduction

Huanglongbing (HLB), also known as citrus greening dis-
ease, is the most severe and economically damaging disease 
affecting citrus globally (Bové 2014; Urbaneja et al. 2020; 
Wang 2019). It is considered to be among the top challenges 
facing plant pathology for the next decade (Wang et  al. 
2024). This disease, caused by bacterial pathogens from the 
phloem-limited α-proteobacterium Candidatus Liberibacter 
genus, particularly C. L. asiaticus (CLas), C. L. africanus 
(CLaf), and C. L. americanus (CLam), has ravaged the citrus 
industry in major citrus-growing regions across several con-
tinents (Bové 2006; da Graça et al. 2016). Currently, there 
are no effective HLB management approaches when trees 
become infected. Two main vectors primarily transmit the 
causal pathogens of this disease: Asian citrus psyllid (ACP) 
Diaphorina citri Kuwayama (Hemiptera: Psyllidae) and 
African citrus psyllid (AfCP) Trioza erytreae Del Guercio 
(Hemiptera: Triozidae) (Cocuzza et  al. 2017; Grafton-
Cardwell et al. 2013). Managing both vectors is challenging, 
especially for D. citri, which facilitates the rapid spread of 
CLas, complicating disease containment efforts.

The geographic expansion of invasive vectors that trans-
mit HLB-causing pathogens into non-endemic areas where 
citrus is grown has heightened the urgency to develop com-
prehensive management strategies. Detections of AfCP in 
the north of Spain and Portugal and ACP in Cyprus and 
Israel (EPPO Global Database 2022, 2023) highlight the 
invasiveness of these vectors across diverse climatic con-
ditions. This underscores the imminent threat to major cit-
rus-producing areas in the Mediterranean, which currently 
remain free from HLB (Wang 2020). This situation is exac-
erbated by the complex interactions between vectors, patho-
gens, and host plants, necessitating new research approaches 
on pathogen-vector dynamics and host resistance/tolerance 
mechanisms (National Academies of Sciences 2018). Recent 
work indicates strong possibilities for managing vectors, 
pathogens, and disease development. Classical biological 
control programs targeting ACP and AfCP have been suc-
cessfully implemented in California and Spain using para-
sitoids in the genus Tamarixia (Hymenoptera: Eulophidae). 
Genetic and molecular studies have improved the under-
standing of the immune mechanisms of citrus plants against 
HLB-causing bacteria. These findings suggest potential 
pathways for developing HLB-resistant/tolerant varieties. 
New therapies, such as antimicrobial peptides and various 
plant defense inducers, as well as existing therapies like anti-
biotics, are enhancing development of management plans 

for HLB. Additionally, molecular and other emerging new 
techniques, such as the real-time on-site detection of the 
three CL species associated with HLB using a rapid valida-
tion method, have advanced the detection capabilities. This 
progress is crucial for effective disease management. Despite 
recent promising advances, there is no indication of a poten-
tial ‘silver bullet’ solution being developed in the short term 
to address this serious issue for citrus. What is clear from 
observing the global impact of this complex pathosystem is 
that international cooperation is essential because the impact 
of HLB transcends national borders. Policies and regulations 
that facilitate rapid responses to the detection of vector and 
pathogen species and collaborative research initiatives are 
crucial for effectively managing the spread of HLB.

The main objective of this review is to summarize global 
strategies for managing HLB and its psyllid vectors and the 
socio-economic and environmental impacts caused by HLB 
under these strategies. Then, this information can be used 
to focus on the specific challenges likely to be faced by the 
Mediterranean Basin, where the two vector species, ACP 
and AfCP, have been recently detected. Finally, future direc-
tions for managing psyllids and HLB-causing pathogens are 
outlined, and challenges facing the development of effective 
control of HLB and its vectors are identified.

2	 �Management of HLB and its vectors 
around the world

This section explores comprehensive global strategies for 
managing HLB and its vectors across different regions of 
the world, including detailed case studies that highlight 
both successful and unsuccessful implementations of these 
strategies.

2.1	 South and Southeast Asia
Both CLas and ACP, are likely native to north-west South 
Asia, and citrus species and hybrids are unlikely to be the 
original hosts (Gottwald 2010). HLB associated with CLas 
has devastated citrus production in Asia since the late 1800s 
(Leong et al. 2022). Although the form of HLB caused by 
CLas was first recognized as transmissible in China (Bové 
2006), the first unambiguous description of symptoms 
caused by the disease is from Husain & Nath (1927) who 
ascribed damage to ACP: small and insipid fruit, dieback, 
and death of trees caused by a ‘toxin’ injected into plant tis-
sues by the psyllid. CLas did not originate in mainland China 
or Taiwan, as often stated (Leong et al. 2022).
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ACP was first recorded in Java in 1900 after it was intro-
duced from India, probably on Bergera koenigii L. CLas 
likely moved from Malaysia to Macau and Taiwan on host 
plants carried on ships. CLas was introduced to mainland 
China in the early 1930s, possibly on citrus from India or 
southern Việt Nam (Bové 2006). The widely grown orna-
mental, Murraya paniculata (L.) Jack (orange jasmine), one 
of four species within the Murraya paniculata Complex is 
a favored host of ACP (Beattie 2020) and a transient host 
of CLas (Cifuentes-Arenas et al. 2019). Citrus species and 
hybrids vary in susceptibility to CLas and suitability for 
ACP. Australasian citrus species are the least susceptible 
to both the vector and pathogen infection (Beattie 2020; 
Folimonova et al. 2009; Ramadugu et al. 2016).

ACP has a high capacity for population growth. Heavy 
rainfall, particularly monsoon rains, wash eggs and nymphs 
off plants. Monthly rainfall above 150 mm is detrimental to 
ACP survivorship rates (Leong et al. 2022). UV-B may also 
be a detrimental abiotic factor (Parajuli et al. 2023), and ACP 
and HLB are rarely observed at elevations above 1200 m in 
Bhutan, where orchards occur up to 1700 m, and a naturally 
occurring citrus hybrid grows at elevations around 2000 m 
(Holford et al. 2022; Om et al. 2021).

In much of Asia, low incomes restrict management 
options. Insecticides help minimize ACP populations but 
do not prevent the spread of HLB-causing bacteria. Up to 
53 sprays have been applied annually in Thailand to control 
ACP (Catling 1996). Purveyors of insecticides commonly 
profit from plying their products to farmers who have limited 
knowledge of pests, diseases, and the action of pesticides. 
Misuse of insecticides disrupts biological control of ACP and 
other pests (Beattie 2020). Mineral oils can act as biorational 
alternatives to synthetic pesticides and effectively reduce 
feeding and oviposition by ACP and other pests (Leong et al. 
2022; Rae et al. 1997; Yang et al. 2013). Productive orchards 
based on certified CLas-free trees may survive 15–20 years, 
but often survive < 8–10. Orchards established with uncer-
tified seedlings may not bear fruit. Areawide management 
programs are essential for managing ACP-CLas, but this is 
rarely feasible due to the high proportions of small farms 
across which coordination of insecticide treatments would 
be necessary. Natural enemies include two primary parasit-
oids, the ectoparasitoid Tamarixia radiata (Waterston) and 
the endoparasitoid Diaphorencyrtus aligarhensis (Shafee, 
Alam & Agarwal) (Hymenoptera: Encyrtidae), and preda-
tors that include coccinellids and the weaver ant, Oecophylla 
smaragdina (Fabricius) (Hymenoptera: Formicidae) (Beattie 
2020; Beattie & Holford 2022).

2.2	 China
ACP was first reported in China in 1934 and the first authen-
tic record of HLB presence in mainland China was in 1938 
(Leong et al. 2022). Two species of psyllids [D. citri and 
Cacopsylla citrisuga (Yang & Li) (Hemiptera: Psyllidae)] 
are vectors of CLas in China, with D. citri being the primary 

vector (Guo et al. 2012). Generally speaking, HLB is con-
sidered to be under control in China due to a region-wide 
comprehensive implementation of roguing infected trees, 
tree replacement, and insecticide applications for vector 
control (Yuan et al. 2021). However, the rapid development 
of the navel orange belt in south Jiangxi-south Hunan-
north Guangxi has resulted in a significant upward trend 
in HLB epidemics. Psyllid populations have been mov-
ing northward annually, which poses a serious risk to cit-
rus production in the Yangtze River region, and mandarin 
production in western Hubei and western Hunan. The main 
HLB control strategy relies on the “Three Basic Measures” 
system; production and distribution of HLB-free nursery 
trees, timely removal of HLB-infected trees, and large-
scale management of psyllids. HLB management strategies 
have been complemented by village rules and people’s cov-
enants, technician-driven management, high-density plant-
ings, windbreaks, and killing summer flush growth, which 
is needed by ACP for oviposition, with chemicals (Zhou 
2020).

State-level cooperation is the first priority in China. The 
secondary “State Key R&D Plan” Project funded by the cen-
tral government between 2021–2024 prioritizes: 1) screen-
ing/generating of small molecular compounds/nanodrugs 
with the potential for curing CLas infections, 2) transgenic 
technology and/or gene-editing technology for creating new 
varieties of citrus with tolerance or resistance to CLas, and  
3) use of AI technology for real-time monitoring of psyl-
lid populations. For those areas where HLB occurrence is 
approaching or currently at low epidemic levels, it is recom-
mended to utilize best management practices with a prior-
ity on prevention and for growers not to be misled by the 
misconception that HLB can be “easily cured” once it is 
detected.

2.3	 South Africa
ACP and CLas are not present in South Africa. However, 
since the 1920s, the South African citrus industry has faced 
challenges from HLB associated with CLaf, referred to 
locally as “citrus greening”, vectored by the indigenous 
AfCP (Buitendag & Van Broembsen 1993). Greening caused 
severe production losses in cooler growing areas in the north 
and northeast in the 1970s (Buitendag & Van Broembsen 
1993). Since the mid-1980s, effective chemical vector control 
measures reduced the incidence and spread of citrus green-
ing. To date, some citrus-producing regions in the provinces 
of Western Cape, Eastern Cape, and Northern Cape are free 
of citrus greening. Buitendag & Van Broembsen (1993) rec-
ommended a “three-pronged strategy” for the management 
of citrus greening: (1) production of certified disease-free 
nursery trees, (2) reduction of CLaf inoculum, and (3) vec-
tor control using systemic insecticides. A well-established 
Citrus Improvement Scheme successfully supported this 
management strategy, supplying disease-free propagation 
material.
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A new threat now looms with the potential for the intro-
duction of a second HLB disease associated with CLas and 
ACP, both of which are present on the African continent 
(i.e., Kenya) and in the Indian Ocean islands of Mauritius 
and Reunion (Aidoo et  al. 2023; Ajene et  al. 2020a, b; 
Rwomushana et al. 2017; Sétamou et al. 2023).

To address this threat, an action plan for CLas and ACP 
was developed (CRI 2023a) and a multi-stakeholder ACP-
CLas steering committee was formed to oversee the roll-out 
of the action plan. The action plan provides guidance for 
early detection and rapid response measures for incursion 
scenarios with CLas or ACP only, or CLas and ACP com-
bined (CRI 2023). South African legislation was amended to 
provide for the regulated control of CLas and ACP in align-
ment with the action plan (DALRRD 2021). An HLB Safe 
System for production of citrus nursery trees free from CLas 
and ACP was developed and makes provision for permit-
ted movement of nursery trees from compliant nurseries in 
HLB/ACP quarantine zones (CRI 2023b). Since 2019, sur-
veillance of ACP through the use of yellow sticky traps has 
been undertaken in targeted regions (Manrakhan et al. 2021). 
South Africa is also collaborating with neighboring countries 
to monitor the spread of ACP from Kenya and Tanzania.

Modeling studies were initiated to identify corridors for 
natural range expansion of ACP from East Africa to enable 
focused surveillance efforts in at-risk areas. Surveillance and 
diagnostics are complicated by the presence of indigenous 
Diaphorina species on surveillance traps, as some species 
have very similar morphology to ACP (Manrakhan et  al. 
2021), and the presence of sub-species of CLaf that cross-
react with the CLas PCR diagnostics (da Graça et al. 2022). 
Ongoing research focuses on these and other issues, such 
as effective vector control with fewer available or market-
accepted systemic and contact insecticide options for ACP 
control.

While the incursion of HLB associated with CLas and 
ACP into South Africa seems inevitable given the proxim-
ity of ACP-CLas within Africa, the current strategy aims to 
prevent and delay incursions, proactively prepare stakehold-
ers for anticipated incursions, and to enhance early detection 
systems to enable rapid response actions when required. The 
three-pronged management strategy, including area-wide 
vector control, that was effectively implemented in Brazil 
(Bassanezi et al. 2020), forms the basis of recommendations 
for the management of HLB associated with CLas in South 
Africa.

2.4	 Eastern Africa
The optimal production of citrus fruit is adversely affected 
by numerous pests and diseases, and a major threat to citrus 
production in eastern Africa is HLB (da Graça et al. 2022). 
African citrus greening disease is associated with CLaf, 
and its vector, T. erytreae (AfCP), is widespread in eastern 
Africa, causing yield losses ranging between 25 and 100% 
(Khamis et al. 2017; Rasowo et al. 2019; Richard et al. 2018). 

Compounding the problem in the already dwindling citrus 
industry is CLas, and its vector, D. citri, in eastern Africa 
(Ajene et al. 2020a, b; Rwomushana et al. 2017; Saponari 
et  al. 2010). This double threat posed by AfCP-CLaf and 
ACP-CLas demands urgent attention if sustainable interven-
tion strategies against the spread of the disease and its vec-
tors in the region are to be developed and implemented.

On the continent of Africa, eastern Africa is regarded as 
an epicenter of the diversity of Liberibacters and their vec-
tors (da Graça et al. 2022). Recent surveys in this region have 
revealed the widespread distribution of AfCP in citrus-pro-
ducing areas at various altitudes. The invasion of ACP onto 
mainland Africa adds to the already complex pathosystem 
(da Graça et  al. 2022). Moreover, ACP in Ethiopia shows 
a closer genetic resemblance to ACP in the Americas than 
to ACP in Kenya and Tanzania, which are genetically simi-
lar to ACP in Southeast Asia, suggesting multiple invasions 
from different source populations have occurred (Ajene et al. 
2022; Ajene et al. 2020c). Recently, there has been a shift in 
the Liberibacter pathosystem, particularly in eastern Africa, 
where ‘Ca.L. africanus subsp. clausenae’ (ClafCl) was 
reported as the most dominant Liberibacter in Uganda and 
Kenya, having replaced CLaf (Rasowo et al. 2019). To date, 
the impact of this new subspecies is unknown, and whether 
its significance will be greater or lesser than CLaf remains 
to be seen.

The detection of CLas in field populations of AfCP in 
Ethiopia (Ajene et al. 2019) and the subsequent confirmation 
that AfCP efficiently transmits CLas (Reynaud et al. 2022), 
underscores the need for sustainable management strate-
gies for this vector. These strategies may include the use of 
biopesticides, behavior modification, and natural enemies, 
which have the potential to be combined for use in IPM pro-
grams. For instance, the primary parasitoids Tamarixia dryi 
(Waterston) (Hymenoptera: Eulophidae) and Psyllaephagus 
pulvinatus (Waterston) (Hymenoptera: Encyrtidae) have been 
identified attacking AfCP nymphs in eastern Africa (Rasowo 
et  al. 2021). Additionally, some hyperparasitoids such as 
Tetrastichus sp. (Hymenoptera: Eulophidae), Aphidencyrtus 
cassatus Annecke (Hymenoptera: Encyrtidae), and 
Charipinae sp. (Hymenoptera: Figitidae), have also been 
detected in association with these primary psyllid parasitoids 
(Rasowo et al. 2019). Lemon terpenes have been identified 
as potential options for applying an attract-and-kill strategy 
against adult AfCP in combination with other management 
options such as exploitation of visual cues, and targeting 
flushing regimes of citrus plants to minimize psyllid ovipo-
sition (Antwi-Agyakwa et  al. 2019). Fungal-based biopes-
ticides such as Metarhizium anisopliae (Metschnikoff) 
Sorokin have been reported to cause mortalities of between 
82 to 97.5% in AfCP adults in laboratory studies (Aidoo 
et  al. 2021), and fenpropathrin and naturally derived mol-
ecules such as pyrethrum extract have been tested for the 
management of ACP (Antolínez et al. 2023). Optimization 
of pest management options are crucial in halting the spread 
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of HLB because, if left unchecked, psyllid populations in the 
region will increase the incidence of HLB in citrus produc-
tion regions, and infestations of psyllids and HLB-causing 
bacteria may possibly act as invasion bridgeheads threaten-
ing additional citrus production areas within and outside of 
the African continent.

2.5	 South America (Brazil)
The first plants with symptoms with HLB or greening dis-
ease in Brazil were reported in March 2004 in the Araraquara 
region of São Paulo State, Brazil (Coletta-Filho et al. 2004; 
Teixeira et al. 2005a, b). The first tests carried out with PCR 
for the bacteria CLAf and CLas resulted in an unexpected 
result, indicating the detection of a new HLB-causing bacte-
rium, CLam (Teixeira et al. 2005a). However, CLas was also 
identified, indicating the presence of both bacteria in Brazil. 
From the first report of HLB in the 2004/05 season (2004) 
until the 2007/08 season, CLam was the most prevalent 
species associated with infected citrus plants in Brazilian 
orchards and in citrus trees and orange jasmine located in 
non-commercial orchards (Lopes et  al. 2010). After the 
2008–2009 season, CLas became the most common bacte-
rial species associated with HLB in Brazil’s infected citrus 
plants, reaching nearly 100% of diseased plants (Bassanezi 
et al. 2020).

In Brazil, both CLas and Clam are transmitted by ACP 
(Yamamoto et al. 2006). ACP was reported in Brazil in 1936 
(Costa Lima 1936). Brazil is the only country in the Americas 
where there was a long interval (>  60 years) between the 
introduction of the insect vector and the detection of Clas, 
which occurred in 2004 (Bové 2006).

In the early years, when CLam predominated, the expec-
tation of successful management was high, with infection 
rates remaining low. However, with the increase in incidence 
of CLas, management has intensified with an increase in the 
use of insecticides to reduce vector densities. The incidence 
of infection in the citrus-producing regions of São Paulo and 
Minas Triangle and Southwestern Minas in southeastern 
Brazil was ~38% in 2023, which corresponds to ~77 mil-
lion diseased trees out of a total of ~202 million orange trees 
comprising the citrus belt (Fundecitrus 2023). In addition to 
São Paulo and Minas Gerais, HLB has also been reported 
in Paraná, Mato Grosso do Sul, and Santa Catarina (Cidasc 
2022; Gasparoto et al. 2022).

Due to the impacts of HLB, and hot, dry weather, the 
orange harvest in the citrus belt of São Paulo and Triângulo/
Southwest Mineiro in 2024/25 was estimated to produce 
9,512 Mt. This represents a drop of ~24% compared to the 
previous cycle, marking the lowest citrus production in 
the last 36 years. In this region, the 2024 inventory indi-
cates ~208 million citrus plants, with orchards of all variet-
ies occupying 399,279  ha, which represents a decrease of 
0.03% compared to the previous year. Although the number 
of plants has not been decreasing due to the density of plant-
ing, the area planted has been reduced.

Management of HLB requires exclusion and eradication 
of vectors, pathogens, and infected plant material. Protective 
management practices include: a) the planting of healthy 
disease-free nursery reared plants; b) frequent reduction of 
pathogen inoculum sources via plant removal; and c) vector 
control (Bassanezi et  al. 2020). From 2004 to 2009, man-
agement measures were concentrated almost exclusively on 
commercial orchards. However, after 2009, such measures 
extended beyond the edges of commercial properties, with 
control programs being carried out in neighboring backyards 
around orchards, abandoned orchards, and citrus within 
urban areas (Bassanezi et al. 2020).

Control of ACP is considered one of the main tactics for 
effective HLB management. Although several studies report 
the high efficacy of various insecticide chemical groups (i.e., 
pyrethroids, carbamates, organophosphates, neonicotinoids, 
and diamides) against ACP, the large number of applica-
tions required for effective population suppression has had 
unintended consequences. For example, selection of resis-
tant ACP populations has been observed with bifenthrin 
(pyrethroid), imidacloprid (neonicotinoid), and malathion 
(organophosphate) use in Brazil (Amaral et al. 2023).

Despite the high adoption of HLB management tactics, 
the incidence of both ACP and HLB has increased in Brazil, 
which is worrying producers and industry personnel. Until a 
definitive solution is discovered, management tactics must 
be adopted to slow the spread of ACP and CLas and the pro-
gression of HLB in infected plants.

2.6	 United States of America

2.6.1	 Florida
In Florida, ACP and HLB were identified in 1998 and 2005, 
respectively (Grafton-Cardwell et al. 2013). Despite efforts 
to control the disease, HLB spread widely in the state due to 
the mobility of the vector, favorable environmental condi-
tions for both vector and pathogen, and the long latent period 
during which initial symptoms went undetected. During the 
initial decade of HLB management in Florida, vector suppres-
sion with coordinated calendar spraying of insecticides on a 
regional scale was standard practice (Qureshi et  al. 2014). 
By 2010, insecticide susceptibility of ACP populations in 
Florida decreased to several commonly used active ingre-
dients (Tiwari et al. 2011). Biological control of ACP never 
played an important role in decreasing the effects of HLB in 
Florida citrus groves, most likely because ACP management 
relied almost exclusively on insecticides (Shrestha et  al. 
2021). Management of ACP with insecticides can improve 
yield under conditions of near 100% HLB infection, how-
ever, overspraying for ACP reduces profit (Monzo & Stansly 
2017). Therefore, in Florida, where HLB is widespread, it 
has been possible to reduce the number of required chemical 
applications for ACP based on implementation of nominal 
thresholds which trigger sprays when 0.2 to 1.0 adult psyl-
lids are found per 20 tree samples (Chen et al. 2022). This 
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has reduced the number of insecticide applications from 12 
to between 4–6 per year while maintaining equivalent yields.

Antibiotics are thought to be a potential stop-gap mea-
sure for maintaining commercial production of citrus viable 
in Florida (Blaustein et  al. 2018) until possible HLB- or 
vector-tolerant trees are developed and released [ex: Mishra 
et al. (2023)]. Antibiotics were initially suggested for HLB 
management in the 1970s following the discovery of CLas 
bacteria associated with diseased trees (Bové et  al. 1980). 
Three commercial antibiotics were approved for HLB treat-
ment in Florida in March 2016 in response to significant eco-
nomic losses: Fireline (oxytetracycline HCL), Mycoshield 
(oxytetracycline Ca), and Firewall (streptomycin sulfate). 
Unfortunately, initial tests with these foliar formulations of 
oxytetracycline (OTC) and streptomycin were unsuccess-
ful; these treatments did not prevent or sufficiently reduce 
infection of trees under field conditions at the rates and fre-
quencies of application evaluated (Roldán et al. 2023). More 
recent evaluations of trunk-injected OTC have yielded much 
more encouraging results, including reduced CLas titers in 
trees, as well as improved tree health and yield (Stelinski 
et al. 2024).

It was recently demonstrated that HLB is a pathogen-trig-
gered immune disease which causes systemic and chronic 
immune response including production of reactive oxygen 
species (ROS) and callose deposition in the phloem tissue, 
resulting in phloem cell death and subsequent HLB symp-
toms. Therefore, suppressing ROS-mediated cell death with 
phytohormones, such as gibberellic acid (GA), could miti-
gate HLB symptoms (Ma et al. 2022). Following these find-
ings, Singh et  al. (2022) recently demonstrated in Florida 
that the repeated treatment of ‘Valencia’ trees with GA sprays 
improved the yield of HLB-affected trees and enhanced 
profit on average by $2,500 per ha. Current efforts are 
focused on evaluating foliar GA treatment, in combination 
with trunk-injected OTC treatments and vector management 
with insecticides, as a strategy to maintain the productivity 
of trees with HLB. Finally, in the absence of other effective 
control measures for ACP, growing entire blocks of citrus 
orchard within enclosed structures as a method to com-
pletely exclude the vector and pathogen has gained increas-
ing acceptance among smaller fresh fruit citrus growers in 
Florida. Similarly, newly planted seedling trees intended for 
juice production can be protected from infection by envelop-
ing these resets within individual mesh cages, which exclude 
the vector from trees during the first two years after planting 
(Gaire et al. 2022).

2.6.2	 Texas
Similar to many other citrus growing areas in the world, 
the tandem occurrence of both CLas and its vector, ACP, 
in Texas represents a significant threat to the sustainability 
of citrus production in the state. ACP was first reported in 
Texas in 2001 (French et al. 2001). Unfortunately, this detec-
tion did not trigger targeted control efforts, thus allowing 

ACP populations to increase and spread. It was not until the 
first report of the presence of HLB in Florida in 2005 that 
Texas initiated early detection surveys for CLas. Efforts to 
control ACP began in 2010 with the launch of the areawide 
psyllid management (AWM) program (Sétamou 2020a). In 
January 2012, CLas was first detected in Texas (Da Graça 
et  al. 2015). Although AWM led to a substantial decrease 
of vector populations (Sétamou 2020a), the spread of CLas 
was not contained from its first detection in the state. Indeed, 
the number of CLas-positive trees and groves exponentially 
increased during the first five years following detection 
(Sétamou et al. 2020b), despite the systematic rogueing and 
destruction of infected trees that tested positive for CLas. It 
is generally accepted that significant asymptomatic spread 
of the disease occurred prior to the first detection of CLas in 
Texas (Graham et al. 2020).

Given the increasing number of CLas-positive trees 
detected during intensive surveys and the seemingly low 
impact of the disease on tree productivity during the ear-
lier years of the epidemic, economic analyses indicated 
that removal of 18–20% of commercial trees would lead to 
negative returns, resulting in grove abandonment by grow-
ers which will impede the implementation of AWM. Thus, 
in 2016, the requirement of mandatory removal of HLB 
affected trees was lifted in groves with fruit bearing trees 
(i.e. >  4 years of age), but removal is still highly recom-
mended for infected trees < 4 years of age.

Currently, CLas is present in almost all mature groves 
with an average HLB incidence of ~25% (range 5–60%), but 
the incidence in younger groves remains below 1% because 
of strict HLB mitigation programs for young trees. This pro-
active management program incorporates aggressive psyl-
lid control with the application of soil-systemic insecticides 
every two months and/or ACP exclusion with protective 
covers placed over individual trees for the first two years 
post-planting. HLB scouting and removal of infected trees 
is practiced during the first three years of grove establish-
ment. In mature groves, the psyllid AWM program utilizes 
two dormant sprays applied in late autumn and late winter 
and targeted sprays at the onset of leaf flush cycles during 
the growing season. The main goal of this program is to limit 
the further spread of CLas and tree re-infection by reduc-
ing psyllid population growth in groves. Ongoing research 
aims to refine the psyllid control program by incorporating 
tree phenology and the risk of CLas infection as determi-
nants affecting the timing of spray applications. Hence, an 
understanding of the population dynamics of infected and 
infective ACP and factors governing successful CLas inocu-
lation of trees are required if this initiative is to be success-
ful. Concurrently, horticultural practices are being evaluated 
for their ability to maintain the productivity of HLB-affected 
groves. Overall, annual citrus production in Texas has 
declined by 6.2% during the decade since CLas was detected 
when compared to the previous decade when CLas was pre-
sumably absent.
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2.6.3	 California
In Aug. 2008, ACP was discovered infesting citrus growing 
in urban areas in San Diego County. In 2009, large wide-
spread populations were found 195 km north in Los Angeles 
County, suggesting a second invasion had occurred. In 
March 2012, CLas was discovered in urban citrus in Los 
Angeles County. By 2015, CLas was found in urban citrus 
in Orange County, then Riverside (2017), San Bernardino 
(2020), San Diego (2021), and Ventura (2023) Counties. 
Currently, all CLas finds are confined to urban citrus, and as 
of April 2024, 7,679 CLas-infected trees have been removed 
and destroyed. Area-wide management programs operate in 
southern California counties, and 2–3 times per year, insec-
ticide applications are made to suppress very low-density 
ACP populations in commercial production areas. Current 
discussions are assessing whether or not these insecticide-
intensive management programs should be maintained. As 
of April 2024, there are no permanent populations of ACP in 
the Central Valley, where approximately 85% of commercial 
citrus is grown. CLas has not been detected in the Central 
Valley.

The initial responses to D. citri detections were the estab-
lishment of quarantine and insecticide treatment boundaries 
which attempted to contain and eradicate infestations in urban 
areas. This insecticide-based program, initiated on a large 
scale in summer 2011, ceased in October 2012, due to inef-
fectiveness, cost, and homeowner dissatisfaction (Hoddle & 
Pandey 2014). The classical biological control program tar-
geting D. citri with T. radiata, sourced from Punjab Pakistan, 
commenced in December 2011 when the first releases were 
made in urban citrus (Kistner et al. 2016). This host specific 
parasitoid established immediately, spread rapidly, and has, 
in part, contributed to declines, ≥ 75%, in D. citri popula-
tion densities throughout infested areas (Milosavljević et al. 
2021). Impacts of ACP natural enemies in citrus orchards 
can be greatly enhanced through the control of invasive 
Argentine ant (Linepithema humile Mayr) using low-toxicity 
baiting programs. This ant species protects D. citri and other 
honeydew-producing pests from natural enemies (McCalla 
et al. 2023). Provisionment of floral resources that provide 
nectar and pollen, significantly increase natural enemy 
impacts, especially those from predatory syrphid flies, on 
colonies of ACP nymphs (Irvin et al. 2021). Given that 12 
years have elapsed since CLas was detected in California, 
it seems very unlikely that the California citrus industry 
will experience a catastrophic decline because of this plant 
pathogen. California’s Mediterranean climate and effective 
ACP natural enemies, have likely contributed to this positive 
outcome.

2.7	 Caribbean region and surrounding areas
In this review, the Caribbean region is defined as the geo-
graphic area that includes the islands and coastal territories 
in and around the Caribbean Sea, characterized by its tropical 
climate. Information is included from some countries that, 

despite not having all their production in the Caribbean zone, 
do have a significant portion of it cultivated under these con-
ditions, such as Colombia and Venezuela. Due to its global 
significance, the Mexican Caribbean region is included in 
the section dedicated to Mexico.

The first detection of ACP in the Caribbean was in 
Guadeloupe in 1998 (Halbert & Nuñez 2009) and the first 
detection of CLas was in Cuba in 2006 (Luis et al. 2009). 
ACP has been detected in all Caribbean countries, and the 
disease has spread widely. The last CLas detection was doc-
umented in Saint Vincent and the Grenadines in 2023 (St. 
Vicent Times 2023), but it has not yet been detected in the 
Bahamas.

After the detection of HLB, management programs were 
proposed that included the use of certified disease-free prop-
agation material, the eradication of diseased plants, and vec-
tor control. These programs were carried out at the national 
level or through joint projects, such as those sponsored by 
OIRSA and FAO (FAO 2011; OIRSA 2009). Since the detec-
tion of ACP-CLas, various investigations have been carried 
out to better understand this pathosystem under Caribbean 
conditions. Research findings indicate several ribosomal 
groups of phytoplasmas in citrus growing in Puerto Rico, 
Cuba, Jamaica, and Guadeloupe cause HLB-like symp-
tomatology (Caicedo et al. 2015; Luis-Pantoja et al. 2021). 
Rootstock studies in Guadeloupe indicated that the tetra-
ploid Swingle citrumelo (C. ×aurantium L. × Citrus trifo­
liata L.) confers better tolerance to HLB than the diploid 
rootstock (Sivager et al. 2022). Additionally, assessments of 
the genetic diversity of ACP in Puerto Rico, using the mito-
chondrial genetic marker CO1, revealed that the Caribbean 
haplotype is unique and is more related to southeast Asian 
haplotypes than to other ACP from different geographic 
regions (Santiago-Rosario et al. 2023).

The impact of HLB on Caribbean citrus crops has been 
devastating. Significant reductions in citrus production and 
planted areas have been reported. The magnitude of the 
effects is reflected in the following examples. In Cuba, in 
2022, the acreage under cultivation and production of cit-
rus fruits decreased to 33% and 16%, respectively, of val-
ues reported in 2013 (ONEI 2023). In Honduras, there was a 
40% reduction (Ávila & Genao 2018). Jamaica experienced 
a 34% decline in citrus production between 2009 and 2013 
(Barret 2024). Venezuela also underwent a 50% reduction in 
acreage and production (Morales et al. 2020). In Ponedera 
Colombia, 85% of citrus growers lost more than 50% of their 
plants due to HLB and a lack of supplies for managing vec-
tors (Gómez-Correa et al. 2021). Although small producers 
have been more affected in Costa Rica, large producers have 
managed to coexist with HLB, and an increase in yields is 
expected by 2030 (USDA 2023). HLB threatens the survival 
of commercial and backyard citriculture in the Caribbean 
region and surrounding areas. Research need to focus on 
developing cost-effective ACP-CLas management under cit-
rus growing conditions of the Caribbean. These efforts need 
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to result in the implementation of sustainable integrated pest 
management programs for ACP-CLas, and regional collabo-
rations are essential for managing HLB and for enabling the 
recovery of the citrus industry in Caribbean countries.

2.8	 Mexico
The citrus sector faces risk from HLB, now detected nation-
wide since its first appearance in Tizimín, Yucatan, in 2009 
(Díaz-Padilla et al. 2018). ACP was previously detected in 
the state of Campeche and Quintana Roo in 2002 and spread 
rapidly throughout the country (Mora-Aguilera et al. 2014).

Since its initial detection, CLas has rapidly spread nation-
wide (Díaz-Padilla et al. 2018). Despite efforts implemented 
since 2010, HLB management has primarily focused on 
evaluating and applying insecticides in an attempt to reduce 
ACP population densities (Cortez et  al. 2010). The estab-
lishment of Phytosanitary Epidemiological Management 
Areas (AMEFIs), led by ACP-HLB scouts and farmers, has 
enabled vigilant monitoring of ACP populations and timely 
implementation of necessary control measures (Zapata-
Contreras et  al. 2022). However, despite these efforts, it 
has been confirmed once again that relying only on chemi-
cal control is insufficient for managing and controlling this 
complex pathosystem.

The presence of HLB in Mexico’s citrus orchards has 
caused crop losses ranging between 30 and 100% (Mora-
Aguilera et al. 2014). Despite numerous challenges, Mexico 
has been proactive in managing HLB. The eradication of 
diseased trees, vector control, and the use of certified dis-
ease-free planting material have been implemented (Mora-
Aguilera et al. 2014). The release of T. radiata is conducted 
by two mass-rearing facilities established to facilitate coor-
dinated parasitoid releases across various citrus-producing 
states (Arredondo 2013). The influence of different root-
stocks on disease incidence has been investigated to search 
for resistance/tolerance to ACP and CLas. However, con-
clusive results are still pending (Sáenz-Pérez et  al. 2020). 
Similarly, plant defense inducers have been tested, with 
the bacterium, Azospirillum brasilense Tarrand, Krieg & 
Döbereiner, showing promising results (Trinidad-Cruz et al. 
2019). Furthermore, studies have investigated the effects of 
chemical fertilization applied to the soil in combination with 
foliar fertilization with zinc sulfate, iron, copper, manganese, 
and borax, aimed at increasing flowering in plants affected 
by CLas (Hernández-Morales et  al. 2021). These stud-
ies have failed to demonstrate mitigating effects on CLas. 
Recently, studies predicting future distributions of HLB in 
Mexico in relation to climate change have been completed 
(Rodríguez-Aguilar et al. 2024). However, model outcomes 
are uncertain, as HLB incidence changes from year to year, 
depending on rootstocks, citrus variety, agronomic manage-
ment practices, and environmental conditions.

Current recommendations for ACP-CLas management 
in Mexico are to strengthen preventive measures, start new 
plantings with disease-free trees from certified nurseries, 

conducting soil and plant analyses for adequate and bal-
anced nutrition to minimize the impacts of HLB, and trying 
to increase plant resilience. Cultural, biological, and chemi-
cal management of ACP should be emphasized. However, 
insecticides must be used judiciously to minimize the 
development of resistance. Despite all these efforts, current 
research is focussing on how best to coexist with HLB. This 
approach, however, will not be a viable long-term solution.

2.9	 Mediterranean region
The most important factor favoring Mediterranean citrus 
production is the current absence of HLB-causing pathogens 
and other important diseases such as citrus variegated chlo-
rosis and citrus canker, which collectively results in reduced 
insecticide use (Urbaneja et al. 2020). This low use of insec-
ticides, combined with pest management strategies based 
on conservation biological control, means that key pests are 
managed with minimal insecticide treatments compared to 
areas where these diseases (especially HLB) are present. 
Given this favorable situation, HLB is potentially one of the 
greatest future threats to Mediterranean citrus cultivation 
(Urbaneja et al. 2020; Wang 2020).

However, significant concerns were raised in 2014 when 
AfCP was detected in the northwest of the Iberian Peninsula, 
an area where citrus is not produced but harbors numerous 
lemon trees in the backyards of private properties and public 
gardens (Pérez-Otero et  al. 2015). Two independent intro-
ductions are suspected; one in North Portugal and the other 
in Galicia (northwest Spain), both likely originating from the 
Canary Islands. The incursion into the Canary Islands likely 
originated from Madeira, with the ultimate source of infesta-
tion probably being South Africa (Ruíz-Rivero et al. 2021). 
AfCP quickly spread north along the Cantabrian coast and 
south along the Portuguese Atlantic coast, reaching Algarve 
in 2021, just 120 km from the province of Huelva, a key 
cultivation area for Spanish citrus and the near-continuous 
beginning of the Mediterranean citrus corridor.

The detection of the AfCP in the Iberian Peninsula 
prompted the implementation of contingency plans to halt 
its expansion (MAGRAMA 2023). Chemical control was 
quickly dismissed as a viable solution in the backyards 
of private properties in the northwest part of the Iberian 
Peninsula. Among all the control measures explored (Molina 
et al. 2022; Urbaneja‐Bernat et al. 2020), the most successful 
has been the implementation of a classical biological control 
program targeting AfCP with the nymphal parasitoid T. dryi 
(Pérez-Rodríguez et al. 2019). After demonstrating that it is 
a highly specific parasitoid (Urbaneja-Bernat et al. 2019), T. 
dryi was first released in the Canary Islands, where AfCP has 
been present since 2002. In this region, T. dryi significantly 
reduced AfCP populations, making it very difficult to find 
this pest today (Pérez-Rodríguez et al. 2024). Following this 
success, T. dryi was introduced onto the Iberian Peninsula 
through three initial release points in Galicia, where the 
parasitoid demonstrated a high capacity for establishment, 
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dispersal, and host location, and very high efficacy with sig-
nificant reductions in the incidence and densities of AfCP 
(Tena et al. 2022). Subsequently, T. dryi has been released in 
numerous locations in Galicia, along the Cantabrian coast, 
and the Portuguese Atlantic coast. From there, T.  dryi has 
spread unassisted to new areas, reaching distances of more 
than 80 km, where it has substantially reduced vector den-
sities. Currently, populations of AfCP are almost undetect-
able in the Iberian Peninsula and distribution of AfCP has 
not expanded since 2021. In addition to the high efficacy of 
the parasitoid, recent studies suggest that the high tempera-
tures and low humidity in most citrus growing areas of the 
Mediterranean region would not be conducive to the estab-
lishment of AfCP (Godefroid 2024).

In 2021, the Mediterranean citrus industry faced another 
serious threat when ACP was detected in the Mediterranean 
region for the first time, specifically in Israel (EPPO Global 
Database 2022), and one year later in Cyprus (EPPO Global 
Database 2023). In Israel, ACP was detected in July 2021 
in the Emek Hefer region, where citrus plantations are 
abundant. Eradication attempts were unsuccessful, and 
ACP spread to other citrus-growing areas of Israel, such as 
the Jordan Valley. A similar situation occurred in 2022, in 
Cyprus, where, after initial detection and failed eradication 
attempts, ACP established in most parts of the country. Israel 
and Cyprus are implementing a classical biological control 
program with the introduction of the parasitoid T.  radi­
ata, sourced from the successful program that was run in 
California (Hoddle & Pandey 2014).

The current situation with ACP in the Mediterranean 
region is complicated because eradication has not been 
possible in either Israel or in Cyprus. Consequently, it is 
expected that the spread of ACP will continue through the cit-
rus corridor that exists throughout the Mediterranean region. 
Therefore, proactive measures for CLas management, such 
as classical biological control of ACP with T. radiata, and 
the establishment of early detection programs, need to be 
enacted promptly to minimize vector densities in advance of 
the anticipated and eventual detection of CLas in this area. 
Coordination among Mediterranean countries will be needed 
to facilitate the implementation of these measures.

3	 �Rapid response and a long-term strategic 
vision for HLB management in the 
Mediterranean: a big audacious plan

Sustainable long-term management of HLB requires a com-
prehensive and adaptive approach, leveraging advances in 
biotechnology, integrated pest management, and regional, 
national, and international cooperation. When detected, 
the importance of long-term, multi-site, large-scale epide-
miological studies for managing HLB cannot be overstated. 
These studies will provide the foundation for understanding 
the spread and impact of HLB, enabling the development 

of predictive models and risk assessments that inform all 
aspects of disease management with a specific focus on the 
Mediterranean region (Ellis et  al. 2024). Epidemiological 
research helps identify critical points for intervention, 
assesses the effectiveness of different control strategies, 
and optimizes resource allocation. By integrating data from 
various sources, including environmental conditions, vector 
behavior, efficacy of control measures, and disease progres-
sion, epidemiological studies facilitate a proactive rather 
than reactive approach to managing HLB-pathogen vectors 
and the disease. Proactive preparedness is crucial for pre-
venting widespread outbreaks and minimizing economic 
losses to the citrus industry

While significant challenges remain, ongoing research 
and innovation hold promise for sustainable solutions that 
can protect not only the Mediterranean citrus industry but 
also the global citrus industry from this devastating disease. 
However, as made clear throughout this review, there is no 
immediate solution, nor is one expected soon. In light of 
the looming threat of HLB, and in advance of Candidatus 
Liberibacter detections in any citrus-growing area within the 
Mediterranean citrus belt, the Mediterranean region should 
establish a comprehensive and ambitious plan to mitigate the 
potential devastation of its citrus industry.

3.1	� Establishment of a Joint Mediterranean 
Multinational HLB Working Group

To effectively monitor, manage, and mitigate the risks asso-
ciated with HLB and its vectors, a joint Mediterranean 
Multinational HLB Working Group (WG) should be estab-
lished. Robust funding from the European Union, individ-
ual countries, and citrus commodity groups should ideally 
support this WG. The primary objectives of this WG would 
include surveillance, early detection, rapid response, con-
tainment, and management of ACP and AfCP populations 
and the HLB pathogens these vectors spread. The WG 
should be led by a steering committee composed of scientists 
and technical representatives of Plant Health Services from 
each member country, experts from international agricultural 
organizations, and key stakeholders from the citrus indus-
try. Decisions should be made through a consensus-driven 
approach, ensuring that the interests and needs of all mem-
ber countries are considered. A rotating chairperson from 
different countries would oversee the implementation of 
member agreed-upon decisions. Long-term funding should 
be secured, for example, through proportional contributions 
based on the amount of citrus grown in each country. An 
equitable funding model will ensure that all countries are 
committed to the initiative. This level of buy-in is essential 
because a lack of committed participation in a particular area 
will provide a refuge for vectors and pathogens. This vector-
pathogen reservoir will function as an invasion bridgehead, 
continuously presenting an incursion threat to neighboring 
regions. Each member country should be required to sub-
mit regular reports on the status of HLB and psyllid popula-

� Global Strategies for HLB and Vector Management        9



tions. These reports should be reviewed twice a year by the 
steering committee. The reports would be short and follow 
a standardized, digitized template that ensures uniformity of 
data reporting across all member groups. Transparency of 
report findings must be paramount in this working group, 
and reports should be made accessible online to authorized 
personnel.

3.2	 Proactive actions and biocontrol measures
Several measures should be initiated promptly in the 
Mediterranean region as a containment strategy to suppress 
vector populations.

3.2.1	 Immediate deployment of effective biocontrol 
agents to suppress incipient psyllid populations

Emphasizing proactive biological control (Hoddle 2024), 
the WG should secure pre-approval to immediately release 
T. radiata and T. dryi parasitoids into urban areas where ACP 
and AfCP have been detected, and it has been determined 
that populations cannot be eradicated. Due to the difficulty 
and time delays in obtaining permits for releasing exotic 
natural enemy species in some European countries, efforts 
should be made to obtain permits in advance of the antici-
pated incursion of HLB-pathogen vectors. This proactive 
strategy would allow the immediate release of these para-
sitoids following the first detection of ineradicable psyllid 
populations, thereby immediately suppressing rates of psyl-
lid population growth and spread. Establishing mass-rearing 
facilities for T. radiata and T. dryi in countries where D. citri 
and T. erytreae are detected is crucial for responding to psyl-
lid detections in new areas should pest populations spread. 
These facilities should be designed to support large-scale 
rearing operations, ensuring a continuous and reliable sup-
ply of biological control agents that can be released into 
infested areas. Following the example started in California 
with T. radiata, releases of mass-reared parasitoids are regu-
larly made into psyllid-infested areas and those identified 
as at high risk of psyllid invasion and HLB establishment. 
Further, it is imperative to maintain the genetic diversity of 
parasitoid colonies within mass-rearing facilities to prevent 
adaptation to mass-rearing conditions, which can result in 
subsequent reductions in parasitoid fitness and field efficacy.

3.2.2	 Standardized monitoring programs and proactive 
IPM programs

Developing standardized monitoring protocols across all 
working group countries is essential to ensure consistent and 
comparable approaches for documenting parasitoid releases, 
establishment, spread, and impacts on psyllid populations. 
These protocols should be meticulously designed to facilitate 
accurate data collection and analysis, enabling coordinated 
and effective management strategies to enable standardized 
comparisons across management programs. At this point, it 
is key to develop reliable diagnostic methods for identify-
ing ACP and AfCP (both molecular and morphological) and 

Candidatus Liberibacter species (molecular). Molecular 
analyses may provide insight into areas of origin and pat-
terns for the spread of vector and pathogen species, which 
could guide the identification and management of incursion 
pathways.

Furthermore, it is critical to implement proactive inte-
grated pest management (IPM) programs adaptable to urban 
and commercial citrus production areas. These IPM pro-
grams should be based on fundamental pest management 
principles yet be customizable to suit local conditions and 
specific challenges (PreHLB 2021). WG recommendations 
could enhance program effectiveness and sustainability in 
managing psyllid populations and mitigating the threat of 
HLB by tailoring these programs to each region’s unique 
urban, environmental, and agricultural contexts and the con-
comitant risk of vector-HLB incursions.

3.2.3	 Coordinated incursion monitoring and response to 
detections

Developing standardized incursion monitoring and response 
plans that are coordinated across infested regions and unin-
fested neighboring countries is essential for effective HLB 
management. These standardized plans ensure uniformity 
in response efforts, data collection, and comparisons, which 
prevent discrepancies and uncertainties that could undermine 
the overall efficacy of management strategies. To further 
strengthen this approach, enhancing regional coordination 
is crucial. Regional, national and international coordina-
tion helps mitigate the spread of vectors and pathogens that 
cause HLB by facilitating quick and efficient responses to 
new invasions. Maintaining a well-prepared rapid response 
effort can be achieved through regular training sessions and 
simulation exercises for all member countries, ensuring that 
each country is prepared and capable of implementing the 
standardized response plans effectively (PreHLB 2021). 
Such coordinated efforts are vital for maintaining a unified 
and robust defense against HLB and its vectors.

3.3	� Long-term research and international 
collaboration

Developing a comprehensive long-term adaptive research 
plan for psyllids-HLB that is specific to the Mediterranean 
is essential to addressing regional challenges posed by HLB. 
This Mediterranean-centric plan should focus on innova-
tive approaches, such as plant breeding programs aimed at 
developing disease-resistant citrus varieties that are best 
suited to Mediterranean growing conditions (Pérez-Hedo 
et  al. 2024), and the design of advanced diagnostic tools 
for early detection and management of HLB (Morán et al. 
2023). This vision will be achievable by fostering robust 
collaboration with international HLB research programs 
within the Mediterranean and other citrus production regions 
(e.g., Brazil, California, Florida, or South Africa). Such col-
laborations will ensure synergy and the rapid dissemination 
of research findings, enabling the Mediterranean region to 
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promptly adopt and implement the most advanced and effec-
tive management strategies available. By leveraging global 
expertise and resources, the Mediterranean can stay at the 
forefront of HLB management research and application, sig-
nificantly bolstering the region’s efforts to combat this dev-
astating citrus disease.

3.4	 Public awareness and education
Launching comprehensive public awareness campaigns is 
essential to educate farmers, stakeholders, and the general 
public about HLB, its vectors, the value of commercial cit-
rus and the benefits of urban backyard production, and the 
critical importance of early detection and reporting, either in 
person, online or phone, to appropriate management agen-
cies. These campaigns should be designed to disseminate 
clear and actionable information through various media 
channels, community outreach programs, and educational 
materials. Increased awareness ensures that all affected 
parties are informed about the risks posed by HLB and the 
necessary steps to mitigate its spread. Moving forward, it 
is essential to continue investing in multidisciplinary HLB 
management research that integrates plant pathology, ento-
mology, agricultural engineering, economics, and social sci-
ences. Collaborative efforts between researchers, growers, 
the public, social scientists, economists, and policymakers 
are vital to developing, adapting, and implementing effective 
HLB management strategies and for reducing any consumer 
resistance to citrus produced using new technologies (e.g., 
gene editing with CRISPR).

In addition to education and outreach campaigns, con-
ducting targeted training programs for local agricultural 
workers, first responders, extension officers, professional 
pest managers, insecticide applicators, regulators, and scien-
tists is crucial. These programs should focus on vector-HLB 
identification, monitoring, reporting, continuing education 
programs, and the most up-to-date and agreed-upon manage-
ment practices. Training sessions should include hands-on 
workshops, field demonstrations, conferences, and the most 
current scientific knowledge to equip targeted end users 
with the skills to effectively identify and manage pathogen 
dispersing vectors and HLB. Enhancing the expertise and 
preparedness of those on the front lines can improve over-
all responses to HLB threats, thereby ensuring coordinated 
region-wide implementation of best practices in managing 
this devastating disease.
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4	 Epilogue

Throughout this review, the difficulties in managing HLB 
and its vectors, along with the current management possi-
bilities and ongoing efforts to address this threat, have been 
highlighted. Unfortunately, the Mediterranean region is not 
exempt from this threat, and if the HLB situation is not rap-
idly and urgently addressed in the early stages of this dual 
vector invasion, catastrophic impacts on the citrus industry 
may result. By implementing a forward-looking anticipatory 
plan, the Mediterranean region could build a resilient defense 
against the threat of HLB, ensuring the sustainability and 
prosperity of its citrus industry. While this review empha-
sizes vector management strategies due to the journal’s 
scope, it is important to recognize that resistant/tolerant cit-
rus material, early plant screening, and nursery certification 
are equally critical elements of HLB management in affected 
regions. When complemented by vector management, these 
components form a holistic approach to combating HLB. 
Enhanced surveillance, strict quarantine protocols, public 
awareness, robust international cooperation, research, and 
long-term stable financial support for these multi-disciplin-
ary efforts will be critical for protecting the Mediterranean 
from the devastating impacts of HLB.
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