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Abstract

Citrus is an important world fruit crop in Pakistan due to both its nutritional value and
economic importance. This can be cultivated in tropical and subtropical areas with
production exceeding 100 million tonnes annually. Pakistan ranks among the topmost
contributors with respect to production of different citrus crops especially Kinnow mandarins
but its productivity is limited because of various biotic stresses. Of these, viral diseases
represent the key threat and Citrus tristeza virus (CTV) is considered as most damaging
pathogens to citrus orchards worldwide. It is a phloem-limited, ssSRNA virus causing a broad
spectrum of symptoms. The major symptoms of CTV include stem pitting, stunting, decline
and fruit quality reduction. Aphis gossypii transmits this virus mainly from infected planting
material to healthy plants while infected plant material is also an important source. Citrus
trees infected suffer for life, often resulting in dramatic yield reductions and reduced
production longevity. CTV has been reported from major citrus growing areas in Pakistan
and its incidence has increased overtime, especially in Punjab. This review emphasizes the
global significance of citrus, current status on Citrus production in Pakistan and biological
and epidemiological aspects of Citrus tristeza virus. This review also emphasizes on the need
for better management practices and more studies to ascertain the spread and severity of CTV
under local ecological environments. Overcoming this challenge is critical for the continued
production of citrus and for the agricultural economy.
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transmission, plant pathology

1. Introduction / Global Citrus Importance

Citrus are major fruit trees, from household gardens to industrial orchards worldwide. The origin
of Citrus is thought to be Southeast Asia, with C. maxima (grandis), C. medica, C. reticulata and
C. balimii being considered as its original forms (Dugo & Giacomo 2004). The world citrus
production in 2019 was 143.76 million tonnes and the top producing countries were China, Brazil,
and the United States (FAO, 2020). Citrus fruits are popular for their high nutritional value because
they contain sugars such as glucose, sucrose, fructose including vitamin A, B and C, dietary fiber
and also other bioactive compounds (Liu et al., 2012) that have beneficial attributes. Moreover,
there are various reports that the waste obtained from citrus processing can be utilized for biofuel
production (Mahato, 2021).

2. Pakistan Citrus Production Context

Pakistan ranks the 13th position in the world list of top 15 citrus-producing countries (FAO, 2013).
About 200,000 hectares are utilized for citrus cultivation in Pakistan. The produce of Citrus was
over two million tons yearly mainly located in Punjab and Khyber Pakhtunkhwa provinces.
Mandarin is the main cultivar in Punjab, and sweet oranges are more prevalent in KP. Mandarins
are the major cultivar of Punjab but sweet oranges are more common in KP. Citrus crops are
commonly susceptible to diverse viruses and virus-like diseases (Igbal et al., 2015; Naqvi et al.,
2015) which can cause serious economic losses for many of the growers with CTV recognized as
the most threatening virus in citrus pathogenicity (Naseem et al., 2016).

Pakistan is the at sixth rank as largest producer of Kinnow globally. However, despite this, it ranks
relatively low among citrus-producing countries in terms of overall citrus fruit production
(Mubeen et al., 2024). Citrus trees in Pakistan face significant losses due to a range of diseases
caused by bacteria, fungi and phytoplasmas etc. (Iftikhar et al., 2024; Mubeen et al., 2015). In
tropical and subtropical areas, citrus is considered the most important fruit crop (Arif et al., 2005).
Pakistan is one of the top ten most promising citrus-producing countries in the world due to the
high quality and quantity of its oranges (Chohan et al., 2007). In Pakistan, citrus is grown on 0.198
million hectares, producing about 2.47 million tons a year (FAO, 2020). However, since the 1920s,
a variety of diseases, including fungi, bacteria, viruses, and virus-like agents, have been known to
negatively impact orange production in Pakistan, much like they do for other important crops (Arif
etal., 2005; Naseem et al., 2016). Among the most serious constraints to citrus production are viral
and virus-like diseases (Yaqub et al., 2017; Fateh et al., 2017). Particularly Citrus tristeza virus
(CTV), one of the most damaging viruses reported in the country (Chohan et al., 2007).

3. CTV Importance and Disease Burden

Once a citrus tree is infected with the virus, there is no possible solution for the management of
the diseases and trees will ultimately die. CTV degenerates the cambium layers of citrus trees,
causing the progressive decline in plants (Shafique et al., 2024). Like other cultivated crops, citrus
is vulnerable to a wide range of pests and diseases that negatively impact its growth, yield, and
overall productivity. Among the key contributors to citrus decline is Citrus tristeza virus (CTV), a
well- documented and highly destructive pathogen (Alhawat and Pant, 2003). CTV-related
epidemics and their role in the deterioration of citrus orchards have been reported in numerous
countries, including Brazil, Argentina, California, Venezuela, Spain, Israel, Cuba, Mexico, the
Dominican Republic, Florida, and others (Moreno et al., 2007; Atta et al., 2012), where the virus
has led to the death of millions of citrus trees (Sharma, 2023).

Citrus tristeza virus (CTV) is the most destructive viral infection that affects citrus crops. More
than 100 million trees have been lost as a result of catastrophic epidemics brought on by CTV in
citrus-producing regions worldwide during the past century. Citrus cultivation is still seriously
threatened by the virus in many nations (Folimonova et al., 2022).

4. Transmission and Spread

CTV, a member of the family Closteroviridae and genus Closterovirus, is primarily spread by
insect vectors such as mealybugs, aphids, and whiteflies (Karasev et al., 1997). The aphid Aphis
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gossypii is the most efficient vector, capable of transmitting multiple CTV strains between plants
and orchards (Roistacher & Moreno, 1991).

More than 30 viruses and virus-like diseases are known to affect citrus crops worldwide, with
Citrus tristeza virus (CTV) considered the most destructive among them (Atta et al., 2012). The
global spread of CTV has primarily occurred through the movement and propagation of infected
plant material, particularly industrial plants and budwood, as well as by certain aphid species
(Cardenas et al., 2002; Afechtal, 2013; Haq & Naz, 2018).

Transmission and Spread of Citrus Tristeza Virus (CTV)
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Figure 1: Schematic representation of transmission and spread of Citrus tristeza virus (CTV)
through aphid vectors and infected plant material in citrus orchards.

5. Symptoms and Disease Expression

Key symptoms include stem pitting, which disrupts vascular development, and tree decline, which
can lead to the death of the plant (Karasev et al., 1997; Roistacher & Moreno, 1991). When a
certain strain of CTV attacks a tree, the infected tree may develop symptoms (Vives et al., 1999).
The virus induces various symptoms including slow and quick decline, stunting, stem pitting, vein
clearing, and seedling yellows (Atta et al., 2017).

Citrus tristeza virus (CTV), the primary cause of the most significant viral disease in citrus, leads
to rapid decline in most citrus species grafted onto sour orange rootstock. In addition, CTV
infection can cause stem pitting, stunted growth, and reduced fruit yield and quality in certain scion
cultivars, regardless of the rootstock used (Bar-Joseph et al., 1989; Dominguez et al., 2002; Muniz
et al., 2012). Citrus tristeza virus (CTV) infections in Citrus species primarily result in two major
diseases: (i) quick decline (QD) of many scion varieties grafted onto sour orange rootstock, and
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(il) stem pitting (SP), which affects grapefruit, pummelo, and certain orange varieties. A third
condition, seedling yellows seen in young sour orange, lemon, and grapefruit plants is generally
observed only under controlled experimental conditions (Bar-Joseph et al., 1989).

Table 1: Key characteristics of Citrus tristeza virus (CTV) and its impact on citrus production

Parameter Description
Virus Name Citrus tristeza virus (CTV)
Virus Type Positive-sense single-stranded RNA (ssRNA)
Family / Genus Closteroviridae / Closterovirus
Genome Size ~20 kb
Primary Vector Aphid (Aphis gossypii)
Mode of Transmission Aphid transmission and infected planting material
Host Range Citrus species and closely related plants
Major Symptoms Stem pitting, decline, stunting, vein clearing, seedling yellows
Disease Impact Reduced yield, poor fruit quality, tree death
Status in Pakistan Widely reported; high incidence in Punjab regions

Management Strategies Certified planting material, vector control, monitoring, research

6. Molecular Characteristics and Structure

Citrus tristeza virus (CTV) possesses a relatively large genome of about 20 kilobases, consisting
of a positive-sense single-stranded RNA molecule with untranslated regions at both ends. This
genome is organized into 12 open reading frames, which play important roles in viral replication
and function (Karasev et al., 1997; Moreno et al., 2008). The virus is classified within the family
Closteroviridae, under the genus Closterovirus, based on its structural, biological, and molecular
characteristics.

Structurally, CTV particles are long, flexible, and thread-like, typically measuring around 2,000
nm in length and approximately 11-12 nm in diameter. These filamentous virions are non-
enveloped and confined to the phloem tissue of infected plants. The viral genome is enclosed by
two coat proteins, forming a distinctive polar structure. A major coat protein, weighing about 25
kDa, covers most of the viral particle, while a smaller 27kDa minor coat protein is located at one
end, giving the virion a characteristic “rattlesnake-like” appearance (Abbas et al., 2013).

In addition, the genome includes essential untranslated regions at both the 5" and 3’ ends, which,
along with ORFs 1la and 1b, are crucial for replication processes. Overall, the combination of its
large RNA genome, unique structural organization, and phloem-restricted nature makes CTV one
of the most complex plant viruses studied to date (Satyanarayana et al., 2004; Naseem et al., 2016;
Gaur et al., 2023).

7. Epidemiology and Spread

Citrus tristeza virus (CTV) was first reported in Pakistan in the late 1980s during a survey of citrus
orchards in the Khyber Pakhtunkhwa (KPK) and Punjab regions. Its presence was confirmed using
ELISA and electron microscopy techniques (Lin et al., 2006). Subsequent surveys conducted in
2006-2007 also detected CTV in various locations across Punjab and KPK (Abbas et al., 2008;
Iftikhar et al., 2009). The highest infection rate recorded during that period was 48% in Bhalwal
(Punjab) and 40 % in Mardan (KPK) (Iftikhar et al., 2009). Later, in 2013, CTV incidence
increased to 67% in Sargodha and remained at 39 % in Mardan (Naseem et al., 2016). Despite
these findings, few studies have been conducted on the spatio-temporal dynamics of CTV in
Sargodha, a region often referred to as the "California of Pakistan" due to its significant citrus
production (Khan et al., 2022).
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In Pakistan, citrus trees often have a shortened productive lifespan, leading to reduced yields and
a decline in fruit quality. The first reports of viral diseases in Pakistan described widespread
dieback and decline in citrus trees, although the exact cause was unclear at the time. Subsequent
surveys across various citrus-growing regions confirmed the presence of multiple viral and virus-
like diseases (Catara et al., 1988). It was later confirmed the presence of Citrus tristeza virus (CTV)
in citrus trees through field surveys and diagnostic testing using enzyme-linked immunosorbent
assay (ELISA) (Abbas et al., 2008).

8. Advanced Research and Molecular Studies

Citrus tristeza virus (CTV) is among the most biologically advanced plant viruses and belongs to
the family of Closteroviridae. Citrus virus is the most virulent virus found in citrus plants when it
comes to economics. CTVs that are responsible for a disease known as “tristeza” have caused
epidemics in North and South America, as well as the Mediterranean region, leading to the death
of millions of trees in the last one hundred years. Even today, Citrus tristeza virus (CTV) remains
a major concern for citrus production worldwide. Its impact is far from controlled, and it continues
to threaten orchard sustainability in many regions. From a scientific standpoint, studying this virus
is particularly challenging. This is largely due to its unusually large RNA genome and the delicate,
thread-like nature of its viral particles, which complicate experimental handling. In addition, CTV
has a very narrow host range, primarily infecting slow-growing Citrus species. Within these plants,
the virus specifically targets phloem-associated cells, making its behavior more complex to
observe and understand (Folimonova et al., 2020). IDM on management of CTV diseases can
include the impact of changing climate on the citrus production and Artificial intelligence or latest
crop monitoring systems to avoid the disease.

CTV is a phloem-restricted, insect-transmissible virus that appears to be able to naturally infect
only citrus and very closely related species. They have killed millions of trees, obliterated entire
citrus industries and continued to restrict citrus production in a number of regions although most
CTV isolates are benign or asymptomatic on large areas of their host range. It is still unclear what
mechanisms lead CTV to produce severe illness in some citrus species but not in others. Unlike
well-studied viruses of herbaceous plants, which typically move between adjacent cells, CTV
primarily spreads systemically through long-distance transport, with minimal cell-to-cell
movement. It moves through the sieve elements, and can also infect nearby companion or phloem
parenchyma cells where it replicates (Dawson et al., 2013).

Conclusion

The Florida T36 isolate of CTV was the first to be fully sequenced [4] (published in 1995),
although parts of the 3' end and coat protein gene had been previously reported. These sequencing
efforts uncovered two major findings: First, there is substantial genetic divergence in the 5' regions
of the genomes of T36 and several isolates of VT (highly virulent strains), and second, many CTV
isolates contain multiple defective RNAs.
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