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Citrus cultivation is a vital component of the agricultural sector, offering significant nutritional and economic benefits.
However, citrus plants face numerous disorders, including Huanglongbing (HLB), also known as citrus greening disease. HLB
is a devastating disease caused by the bacterial species Candidatus Liberibacter asiaticus (Las), primarily transmitted by the
citrus psyllid and grafting. Investigating the distribution and molecular characterization of HLB in various citrus varieties and
psyllid populations is crucial. Molecular techniques and iodine starch staining have been used to detect HLB symptoms. Several
studies have been designed to determine the incidence and severity of HLB symptoms in different citrus varieties and locations
and estimate the psyllid population density in different citrus varieties. Furthermore, these studies established a correlation
between the population of psyllids and the incidence and severity of HLB in different locations and these findings suggest a
potential link between psyllid infestation and the prevalence of HLB. This study highlights the prevalence of HLB in various
locations and varieties, providing insights into the distribution, severity, and correlation between psyllid populations and HLB
incidence. The reliability of PCR testing for Las infection confirms its effectiveness. Such findings suggest implementing
integrated pest management strategies, including monitoring and controlling psyllid populations, removing infected plants, and
using certified disease-free planting materials to prevent HLB spread.
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INTRODUCTION citrus fruit on the planet can be traced back to approximately
30 million years ago. The history of citrus cultivation is
believed to date back to Nippur, an ancient city in
Mesopotamia, dating back to 4000 B.C. The domestication of

citrus dates back to ancient times in Southeast Asia, and its

Citrus is considered a significant fruit crop on a global scale,
cultivated in over 125 countries within the latitudinal of 35°-
36°C and under suitable climatic conditions, with

temperatures ranging from 4°C-50°C (Naz et al., 2014). The
botanical classification of citrus places it within the Rutaceae
family, a taxonomic group consisting of approximately 158
genera and 1900 distinct species (Bhan et al., 2016). Citrus
species are mainly diploid, with a chromosome number of 2n
= 2x = 18 (Vijayakumari et al., 2022). The first cultivation of

cultivation has subsequently spread to diverse regions
worldwide. The taxonomic classification of citrus comprises
a diverse array of species, like Mandarins, Oranges, etc. The
fruit often referred to as oranges is sometimes referred to as
"sweet orange,” which is a prevalent and extensively
cultivated variety of citrus. Citrus ranks 13" in Pakistan's
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agricultural production, covering an area of 0.193 million
hectares and yielding a total of 2.396 million tons (Mubeen et
al., 2015a; Fateh, et al., 2017; Naqvi et al., 2017; Naqvi et al.,
2022). Pakistan is a significant contributor to the global
production of Kinnow mandarins and oranges, with a share of
95% in the Kinnow production worldwide (Naz et al., 2014).
In Pakistan, the yield of citrus per acre is lower than in most
citrus-growing countries (Mubeen et al., 2015b; Mahmood et
al., 2006). Citrus greening Huanglongbing (HLB) has been
linked to three uncultured "Candidatus liberibacter species"
discovered in the phloem: "Candidatus Liberibacter
asiaticus" (Las), "Candidatus Liberibacter africanus,”" and
"Candidatus Liberibacter americanus™ (Sajid et al., 2021).
The most dangerous and widespread kind of "Ca.
Liberibacter" is called "Las." HLB first became known in
Southeast Asia more than 100 years ago, and it ultimately was
found in Florida in the USA in 2005. The disease has quickly
spread across the world's commercial citrus-producing
regions (Kumagai et al., 2013). Symptoms of the citrus
greening disease can occur throughout the entire tree and
these include yellowing of leaves with a blotchy mottling
pattern that is not consistent across the leaf, as well as small,
upright leaves with thickened midribs and veins. As the
disease progresses, leaves drop, shoots become stunted, and
branches gradually die. Other signs of citrus greening include
out-of-season flowering and fruiting, small and lopsided fruit
with dark, undersized seeds, and excessive fruit drop.
Initially, the citrus greening disease was believed to be linked
to mineral deficiency and waterlogging, as its symptoms
included yellow shoots. However, in China, experiments
conducted through grafting techniques confirmed that a
pathogen causes the disease. Similarly, African greening was
also shown to be graft-transmissible by McClean and
Oberholzer, (1965). The citrus greening disease is primarily
spread through grafting and insect vectors, with the two
species of citrus psyllids, Diaphorina citri and Trioza
erytreae, known to transmit the disease. Diaphorina citri, also
called the Asian citrus psyllid, is responsible for spreading the
disease in both Asia and the Americas. It's important to note
that the plant part and amount of tissue used for grafting can
have a significant impact on the spread of the disease. August
and mid-March to April were the two times when the
population of citrus psylla reached its peak (Iftikhar et al.,
2017). Additionally, the disease is not seed-transmissible, as
infected plants tend to have a high number of aborted seeds.
The climate and type of leaves influence the acquisition of the
pathogen by the vector. During winter, feeding on old leaves
is observed to be ideal for pathogen acquisition, while in
spring, a young flush is preferred. The psyllids are more
attracted to diseased plants due to the yellow-green color of
the symptomatic leaves, which increases the likelihood of
pathogen acquisition and transmission by the insect.
Assessing losses caused by greening is a challenging task.
Only certain parts of a tree may be affected, resulting in minor

losses. However, in other cases, the entire tree may be
infected, leading to a complete loss of the crop. While there
are no detailed studies on the losses caused by greening, the
literature substantiates the severity of the disease. In the
Philippines, greening affected an estimated 7 million trees in
1962 and was responsible for a reduction of over 60% in the
area planted to citrus between 1961 and 1970 (Catling, 1970).
In 1971, it caused the death of more than 1 million trees in a
single province. According to Paudyal (2015), the presence of
HLB caused a 23% reduction in orange production between
2006 and 2010, which had a significant impact on Florida's
economy. The total output, the total value added, and labor
income all decreased, resulting in a loss of $3.9 billion.
Symptom-based diagnosis is not practical and the popularity
of the PCR technique has grown because of its ability to
quickly and sensitively detect even trace amounts of pathogen
DNA in both infected plant samples and insect vectors (Sajid
et al., 2022). PCR utilizes a fluorescent reporter that binds to
the amplified product and emits fluorescence to indicate its
presence. The intensity of the fluorescence is directly
proportional to the quantity of the product that is formed. In
areas where the disease is newly introduced, quarantine and
eradication programs may be implemented to prevent its
spread (Mei et al., 2014). In established citrus-producing
areas, integrated pest management strategies may be used to
control the vector populations and limit the spread of the
disease. These strategies may include the use of insecticides,
biological control agents, and cultural practices such as the
removal of infected trees and the use of disease-free planting
material. The development of a protocol for treating citrus
bud wood to make it free of HLB is crucial to prevent the
spread of the disease through budding and grafting. Antibiotic
treatment and temperature treatment are two effective
methods that can be used for treating bud wood. In addition,
identifying and utilizing citrus varieties that are tolerant to
HLB can also be an effective management strategy. However,
it is important to note that the development of resistant
varieties is a long-term solution and requires significant
investment in research and breeding programs. There is a
mandarin cultivar, LB8-9, also known as Sugar Belle, which
is gaining popularity due to its tolerance to a bacterial disease
called “Huanglongbing” (Deng et al., 2019).

Citrus Greening: Srivastava et al., 2009 stated that citrus is
susceptible to various biotic and abiotic disorders, which can
significantly impact its growth and yield. HLB, in particular,
is a major threat to the global citrus industry. The disease has
been stated to be associated with three species of parasitic
gram-negative  bacterial microorganisms, known as
"Candidatus Liberibacter spp." ACPACP spreads these
microorganisms spreads these microorganisms. The disease
can be deadly for citrus plants and has become prevalent in
the primary citrus-producing areas of Brazil and the USA.
The symptoms of citrus greening can be recognized through
the discoloration of leaves that display an irregular, blotchy,
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mottling pattern. Also, the leaves of affected citrus trees
exhibit a thin and upright growth habit, with thicker veins and
midribs. As the state of the plant worsens, there is a noticeable
shedding of leaves, stunted growth of shoots, and a gradual
withering of the branches. Additional symptoms include
blooming and fruiting at odd times of the year, trim, unusually
shaped fruits with tiny dark seeds, and considerable amounts
of fruit falling off at inappropriate times. The Asian citrus
psyllid feeds on the sap of citrus trees and, while doing so, can
transmit the CLas bacterium to the tree. Once infected, the
bacterium spreads throughout the tree, infecting the leaves,
stems, and fruit. Wang et al. (2019), proposed that HLB and
ACP are causing severe damage to fruit yield in different
locations that produce fruit such as Caribbean countries, and
the USA, with their rapid spread. HLB has been confirmed to
be present in more than 50 of the 140 countries involved in
citrus cultivation. The Mediterranean region and Australia are
presently lacking HLB disease, however, they are confronted
with a considerable threat of ACP infestation and subsequent
dissemination of HLB. The potential introduction of Trioza
erytreae into Spain poses a significant threat, as it could serve
as a vector for disseminating HLB throughout the
Mediterranean area. Consequently, HLB has emerged as a
worldwide concern. Merfa et al. (2019), made a statement that
in recent decades, the CLas, which includes ACP-vectored
plant diseases, has become an adaptive and economically
destructive danger to a wide range of significant plant hosts.
A noteworthy instance is CLas, which is linked to the severe
plant disease recognized as HLB in various citrus-producing
areas worldwide. CLas is classified as a-proteobacterium and
is predominantly transmitted among citrus species through the
agency of the ACP Diaphorina citri. The initial detection of
HLB occurred in Florida (USA) in 2005, after the
introduction of ACP to the region in 1998. In three years,
HLB spread to all citrus-cultivating areas in Florida, resulting
in noteworthy financial setbacks for growers and substantial
costs for taxpayers at both the state and national levels.

Figure 1.HLB-infected tree with symptoms of blotchy
mottling and symptomatic Leaves

Distribution: Alvarez et al. (2021) ajenen, conducted a study
to discover an efficient and inexpensive approach for
detecting HLB symptoms in citrus plants through the
utilization of satellite images of Sentinel-2. A supervised
classification approach was employed to differentiate
between unaffected Persian lime trees and those suffering
from HLB in the citrus-growing area of Tabasco, Mexico. The
outcomes indicate that the spectral response of trees affected
by HLB was greater than that of unaffected trees in the near-
infrared red, and green spectral bands. Gao et al. (2022),
stated that the disease, commonly referred to as HLB has
spread throughout areas that cultivate citrus fruits, including
Guangxi, Guangdong, and Fujian. Fourie et al. (2021) stated
that HLB has yet to be detected in the southern African region.
HLB is caused by a bacterium called CLas, which is spread
via the ACP insect vector. Yaqub et al. (2017), conducted a
study in Faisalabad, Pakistan during 2010-11 to identify the
occurrence of HLB disease in citrus orchards. These findings
verified that CLas was present in the samples. Zafarullah et
al. (2021), conducted a comparative investigation to evaluate
the effectiveness of traditional PCR and qPCR techniques,
utilizing a universal 16S rDNA marker. Results suggested that
utilization of a sensitive and robust qPCR assay can facilitate
the screening and quantification of CLas, thereby confirming
the occurrence of HLB infection in Pakistan. Ajene et al.
(2020), conducted a study to identify the Liberibacter species
that have an impact on citrus, the vectors linked to them in
Eastern Africa, and their ecological distribution. Results
envisaged that the potential geographical distribution in
Eastern Africa encompasses significant citrus-producing
areas within Ethiopia, Kenya, and Tanzania, encompassing
regions where the disease has yet to be documented. Diksha,
et al. (2023), took a study to investigate the association
between CLas and various citrus cultivars from diverse
locations in Western and North-Eastern India by examining
the genetic diversity and interrelationships among isolates
through the characterization of different genetic markers. The
results of the phylogenetic analysis conducted on CLas
isolates utilizing rplA-rplJ gene sequences revealed the
presence of two distinct clusters. Sajid et al. (2021),
conducted a study in the Sargodha district of Pakistan,
focusing on two citrus cultivars, Kinnow and Musambi. They
carried molecular techniques to confirm the presence of the
greening pathogen through specific primer pairs, providing a
standardized approach for future research and aiding in quick
disease index. Khan et al. (2019), conducted a study in
primary regions for citrus cultivation in KPK, Pakistan to
assess HLB incidence. Tipu et al. (2020), aimed to determine
the pathogen responsible for citrus greening in Bangladesh.
The presence of the pathogen was confirmed through the
amplification of specific amplicon size, and sequence analysis
demonstrated a 99% identity match with ClLas in the
GenBank database, confirming its prevalence as the causal
organism of citrus greening in Bangladesh. Costa et al.
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(2021), conducted a study in the Paranavai micro-region of
Parana, Brazil, to determine the prevalence and economic
consequences of HLB. Data provided by the Parana
Agribusiness Defense Agency enabled the estimation of
production losses caused by the disease. The outcomes
revealed an annual HLB incidence below 2.5% in the region
but with a significant increase from 0.16% to 0.96% during
the considered period. Orchards with fewer than 10,000 plants
exhibited higher disease incidence. The estimated economic
impact of HLB was substantial, reaching US$11.8 million and
US$39.2 million under different scenarios, highlighting the
urgent need for HLB prevention and management.

Vector and Transmission: Das et al. (2022), conducted a
study to identify the presence of CLas in D. citri vectors that
occur naturally and to examine the genetic interrelationships
and discusses the differences observed among the populations
of ACP and CLas within the citrus regions situated in India.
The results demonstrate that the tree topology of D. citri
mtCOI sequences, which were collected from different
locations in Indian states, exhibited a clear separation into
four distinct clades. Leong et al. (2020), conducted a study to
analyze the transmission of HLB disease, which is transmitted
by D. citri, in connection to its spatial arrangement and flight
behavior in reaction to flush cycles in a flourishing area. The
results indicate that the Rebel brown-yellow traps were more
effective than others in capturing adult D. citri. Zhang et al.
(2022), conducted a study to explore acquiring diseases and
subsequent distribution of HLB, caused mainly by the citrus
psyllid, which is the greatest damaging citrus infection in the
globe. These findings offer regulators a theoretical direction
for determining the long-term durability of applied HLB
intervention techniques. Ramsey et al. (2022), put up an argue
that modifications in the ACP immune system and microbes
during development play a crucial role in the regulation of
vector ability. Das et al., (2022), conducted a study to identify
the presence of CLas and evaluate the genetic correlation and
variations among populations of the ACP in citrus-producing
areas of India. The results demonstrated that the mtCOI
sequences of ACP showed an apparent division into four
distinct clades, which suggests the presence of genetic
diversity among different populations of ACP. Yaqub et al.,
(2019), stated that the citrus industry is facing a significant
global challenge known as HLB, which is particularly
damaging to citrus orchards located in Punjab, Pakistan. The
controlled rearing of Asian citrus psyllid is conducted to
facilitate the development of management strategies aimed at
combating HLB. A survey was conducted on citrus orchards
located in the Faisalabad district to diagnose HLB. ACP was
obtained from HLB-positive citrus trees and subsequently
reared in a growth room under controlled conditions of a
temperature of 26°C and a period of sunlight of 13 hours. The
findings from the PCR analysis indicated the existence of
ClLas, as evidenced by distinct bands.

Molecular Characterization: Wulff et al. (2019), conducted
a study to discover a new phytoplasma from the 16Srl1l group
that is related to HLB symptoms, emphasizing the importance
of developing diagnostic tools to assess microbiomes
associated with HLB. Hong et al. (2019), conducted a study
to examine nested PCR primer combinations to identify Las.
Cui et al. (2021), investigated the use of next-generation
sequencing analysis to find two distinct prophages in the
Pakistani CLas strain. Ghosh et al. (2021), conducted a study
to detect the presence of CLas, commonly known as citrus
greening, in all four primary citrus cultivation regions.
Bhutan. Singh et al. (2021), show that HLB disease represents
a significant biotic restriction to citrus cultivation on a larger
scale, including in India. Nauman et al.(2021), claim that
although HLB disease exhibits characteristic symptoms such
as mosaic or mottling patterns on leaves, stunted plant growth,
deformed shape, premature fruit drop, and yellowing of
reticulate venation, the detection of the bacteria and
downstream studies requires high-quality DNA, which is
challenging to extract from citrus leaves due to the plant's
various species, age groups, thick waxy cuticles, and high
production of compounds like phenolics and polysaccharides.
Shafiq et al. (2018), took a study molecularly characterize the
mtcol gene in ACP, and evaluate the incidence of CLas in
different citrus cultivars in Pakistan. Zafarullah et al. (2016),
have conducted a study to identify and characterize the HLB
pathogen in commercially grown citrus varieties, specifically
Kinnow and sweet oranges. The prevalence of Candidatus
liberibacter asiaticus exhibited seasonal variation, with a
decrease during the spring season characterized by conditions
of temperature and humidity that are considered unfavorable
for the bacterium. CLas is known to produce symptoms under
relative humidity below 40% and high-temperature
conditions, with temperatures up to 35°C.

Management: Boina et al. (2014), suggested that the
sustainable solution to this disease through chemical control
of Asian citrus psyllid is the need of time (Table 1). Represent
the Insecticides, chemical group, IRAC classification and
their mode of action used in citrus for controlling the ACP
(Asian citrus psyllid). Hussain et al. (2022), stated that HLB
is a notable disease that affects the Kinnow Mandarin, with
significant economic effects. Several management strategies
have been used to manage this disease. The effective decrease
in this disease is dependent upon the effective administration
of micronutrients, which serve a crucial function in enhancing
the resilience of citrus plants to the disease. The characteristic
indicators of citrus greening include the presence of
discolored leaves on citrus plants that were affected by the
disease. The fruits that were infected exhibited stunted growth
and were unable to achieve the characteristic orange hue of
mature fruit. The iodo-starch examinations indicated that the
hue of leaves that tested positive for HLB was a shade of
darker shade of gray or black when observed on the cut
surface. Subsequently, a combination of Zinc sulfate and
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Table 1. Insecticides, chemical group, IRAC classification, and their mode of action used in citrus for controlling the

ACP (Asian citrus psyllid).

Insecticide Chemical Group IRAC classification® Mode(s) of Action

Aldicarb, fenobucarb, methomyl and Organophosphate 1A Aldicarb, fenobucarb, methomy! and

oxamyl oxamyl

Endosulfan Cyclodiene 2A Antagonist of y-aminobutyric-acid-

organochlorines gated chloride channels

a-Cyhalothrin, cypermethrin, Synthetic pyrethroid 3A Sodium channel modulation

fenpropathrin, A-cyhalothrin and ¢-

cypermethrin

Acetamiprid, clothianidin, dinotefuran, Neonicotinoids and 4A Agonist of nicotinic acetylcholine

imidacloprid and thiamethoxam sulfoximines (nACh) receptors

Sulfoxaflor 4C

Flupyradifurone Butenolides 4D Agonist of nACh receptors

Spinosad and spinetoram Spinosyns 5 nACh receptor allosteric modulators
and antagonists of GABA-gated
chloride channels

Abamectin Avermectin 6 Chloride channel activation

7C Pyriproxyfen

Diflubenzuron, flufenoxuron, lufenuron,
novaluron and teflubenzuron
Buprofezin

Pymetrozine

Insect growth regulators

Selective homopteran
feeding blockers
Pyridaben, fenpyroximate METI insecticides
Tetronic and tetramic
acid derivatives
Anthranilic diamides
Compounds of unknown
or uncertain mode of
action

Spirodiclofen and spirotetramat

Chlorantraniliprole, cyantraniliprole
Azadirachtin, sucrose octanoate, Silwet L-
77, Kinetic, petroleum spray oil,
horticultural spray oil, nC24 horticultural
mineral oil and oil

7C Juvenile hormone mimic

15 type O Chitin biosynthesis inhibition
(benzoylphenyl ureas)

16 type O

9B Paralysis of cibarium or mouthparts
used for ingesting plant sap

21A Mitochondrial complex | electron
transport inhibition

23 Acetyl CoA carboxylase inhibition

28 Ryanodine receptor modulation

Unknown Chitin synthesis inhibition, feeding and

oviposition deterrence, suffocation and
alterations in cuticle composition

Manganese sulfate was administered to specifically chosen
diseased plants at varying concentrations. Then, various
vegetative, physiological in nature, and biochemical
characteristics of citrus fruit that were suffering from citrus
greening, including fruit diameter, Juice percentages, total
soluble solids, weight, total solids insoluble in water,
titratable acidity ascorbic acids were statistically analyzed.
Zhang et al. (2011), stated no established cure for citrus HLB
has been around for over a century. To control HLB spread, a
propagation test system was used to screen therapeutic
compounds on both infected periwinkle and citrus plants with
CLas. The application of SP to periwinkle cuttings that were
infected resulted in a regeneration rate of 70%, surpassing the
regeneration rates achieved by alternative treatments, which
were less than 50. Li et al. (2019), took a study to determine
the lowest dosage of oxytetracycline (OTC) required to
effectively control citrus HLB disease using a new method
developed to evaluate the effect of OTC treatment on CLas
titers in infected plants. Munir et al. (2022), conducted a study
to establish a valuable method of managing HLB by
modifying the citrus endophytic bacteria with the use of an
indigenous endophyte, thereby ensuring sustainability. Umair

et al., (2023), conducted a study to investigate phylogenic
silver nanoparticles’ (AgNPs) potential to successfully
recover the condition of citrus plants afflicted with HLB
disease in a biocompatible manner.

Conclusions and Future Aspects: HLB is a severe threat to
the citrus industry in Pakistan, as it affects all commercial
varieties and regions. The disease is caused by Las, which is
transmitted by psyllids. The spatial distribution and molecular
characterization of HLB revealed that the Musambi variety
and Northwest location were the most susceptible to HLB.
The psyllid transmission of HLB is a complex and dynamic
process that involves multiple interactions among biotic and
abiotic factors. Understanding these interactions can help to
design better strategies to reduce the psyllid population and
prevent Las transmission. Opportunities for future
improvements in the management of HLB disease may
involve the development of resistant citrus cultivars to
mitigate susceptibility to the disease, as well as the study of
biological control strategies, such as the development of
beneficial microorganisms or predators, to specifically target
the bacteria responsible for the disease or its vectors.
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Improving the potential for early detection and diagnosis via
advanced methods and tools may prove advantageous.
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