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Main diseases in citrus
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Abstract

Citrus fruits are one of the most important crops worldwide, as it is produced in 140 countries. One
of the limitations for its production are diseases, they represent considerable damages in the
orchards and due to this they diminish the production and cause millionaire losses in the citrus
sector. The main diseases are: Phytophthora spp., Mycosphaerella citri, Lasiodiplodia theobromae,
Candidatus Liberibacter spp. and citrus sadness virus (VTC). Pathogens can occur at any
phenological stage of the crop and throughout the plant, whether in leaves, stems, roots or fruits.
These microorganisms cause symptoms of chlorosis, mottling, less development and growth,
deficiencies in the absorption of water and nutrients, rot, necrosis and in more extreme cases the
death of the plant. For the management of phytopathogens there are different alternatives, the
application of agrochemicals based on sulfur and copper (oxychloride and sulfate) are efficient in
70%, in addition, the use of resistant varieties (C. volkameriana, C. aurantium, among others),
cultural measures such as thermotherapy, weed control and good drainage in the garden. On the
other hand, to a lesser extent biological control is implemented, the application of beneficial
microorganisms (Trichoderma, Bacillus subtilis) have demonstrated effectiveness up to 80%. As
well as the release of parasitoids and predators such as Tamarixia radiata, Cycloneda sanguinea
and Harmonia axyridis, which represent a good alternative for vector control. Therefore, the
objective of this review is to describe the impact and status of the main citrus diseases present in
Mexico.
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The Citrus genus is one of the most important crops worldwide, it is distributed in tropical and
subtropical regions of more than 140 countries (Vu et al., 2018). This crop has a world production
of more than 124 million tons, the main producing countries are China, Brazil, India, United States
of America, Spain and Mexico (FAO, 2017). In Mexico, currently the cultivated area of citrus is
590 thousand h and a production volume of 8 million tons (SIAP, 2019). However, citrus
production has been affected by the damage of pests and diseases (Zhang et al., 2012), which
translates into large economic losses.

To counteract this problem, it is necessary to monitor the culture and detect the pathogens in the
first phase of infection to reduce their incidence (Martinelli et al., 2015). Citrus diseases are
mainly caused by fungi, viruses and bacteria. Concerning fungi, these microorganisms make up
the majority of the phytopathogenic agents in the Citrus genus (Baraona and Sancho, 2000) and
their damage can manifest in roots, trunks, branches, leaves and fruits (Zhao et al., 2015;
Showler, 2017).

Among the most important cryptogamic diseases in citrus fruits, there are: Phytophthora spp.,
Mycosphaerella citri and Lasiodiploida theobromae (Zhao et al., 2015; Garcia-Martin et al.,
2018). In general, these pathogens cause lesions and stem rot (Yan et al., 2017), necrotic spots
on leaves (Silva et al., 2015), defoliation of the tree (Picos-Mufioz et al., 2015), rot of fruits and
roots, decrease the vigor and production of the tree (Showler, 2017) and finally death (Graham
et al., 2013).

On the other hand, viruses depend completely on a host to survive, as are some species of plants,
they spread through insects, nematodes, mites and propagation of plant material, the main viral
diseases are: exocortis, excretion of the citrus woody veins and gills, citrus sadness virus and
leprosis (Agusti, 2010). Bacterial diseases decrease production and in more severe cases the death
of trees (Hernandez et al., 2013).

As with the bacterium Candidatus Liberibacter spp., which causes huanglongbing or citrus
greening, which is currently considered the most destructive citrus disease, since its appearance
in China at the end of the 20™ century until 2017 has caused the death of more than 60 million
trees (Zhang et al., 2013; Wang et al., 2017). Based on the above, the objective of this review
is to summarize and discuss the impact and status of the main citrus diseases present in Mexico.

Gummosis (Phytophthora spp.)

Economic importance: the pathogen is present in most citrus orchards in Brazil, California and
Florida, in the last two locations the pathogen reduces production 46% and 8%-20% of the total
cultivated area respectively, this is It translates into losses ranging from 30 to 60 million dollars
(Graham and Feichtenberger, 2015). Similarly, in Tabasco, Mexico presents an incidence of the
disease of 10%, which represents losses of 730 thousand tons.

Etiology and epidemiology: the mycelium morphology are cenocitic with white cottony colonies

(Figure 1a) (Alvarez-Rodriguez et al., 2016). The ontogeny of the sporangiophore is simple and
the sporangia are papillated, deciduous, fusiformly with long and off-center pedicel insertion
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(Figure 1b (Hanumanthappa et al., 2018). Various factors influence the occurrence of the disease,
rain splashes, runoff, sprinkler irrigation systems, water stagnation, susceptible varieties and grafts
close to the ground (Baraona and Sancho, 2000).

Similarly, for the multiplication and spread of spores of the pathogen, a relative humidity greater
than 80% and temperatures of 28 °C to 32 °C are required (Vicent, 2011). The infection begins at
ground level by zoospores that are transported through water and extends through the trunk and
down to the roots (Srinivasulu et al., 2018).

Symptomatology: stem gummaosis manifests near the ground, at the junction of the rootstock and
the variety (Figure 1c), in the same way, the pathogen rings the stem, affects the root cortex until
the fibrous roots break down (Yan et al., 2017). Therefore, the absorption of water and nutrients
such as nitrogen, phosphorus, potassium, calcium, iron and magnesium decreases. Consequently,
the tree shows chlorosis, defoliation, lower vegetative growth and fruit production (Figure 1d)
(Tanoi and Kobayashi, 2015; Srivastava and Shirgure, 2018).

Figure 1. a) growth of Phytophthora spp.; b) mycelium and sporangium of Phytophthora.; c) rubber
on the trunk; and d) tree with symptoms of gummosis.

Control methods: due to its high toxicity against the pathogen, low cost and prolonged residual
effects (Lamichhane et al., 2018), the most common control method is the use of chemical
fungicides such as phosphites and copper sulfate (Graham and Feichtenberger, 2015). For example,
quarterly applications during a year via trunk injection of fosetil aluminum in conjunction with
propamocarb (2.8 L hal), show twice the efficacy in the attack of the disease (Pabon-Villalobos
and Catafio-Zapata, 2015).

In the same way, the biological control shows an efficiency of 45% with Trichoderma applications
to the tree stem at intervals of 21 days during a year (Adedeji et al., 2010). Finally, the use of
resistant patterns such as Citrange Troyer, Citrange Carrizo, Swingle Citrumelo CPB 4475,
Poncirus trifoliata and Citrus aurantium represent a good option for pathogen control (Lucas and
Beltran, 2004).
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Greasy spot (Mycosphaerella citri)

Economic importance: he greasy spot of citrus is caused by the fungus Mycosphaerella citri, it is
considered the most important foliar fungal disease in Florida, Texas, eastern Mexico, Central
America and the Caribbean basin (Baraona and Sancho, 2000; Showler, 2017). While Ghana,
Africa, the greasy spot is the most important fruit disease, and can cause a 22% loss in citrus
production (Brentu et al., 2012). In Mexico it was first detected in 1980 in the states of Chiapas
and Tabasco, later in Veracruz. The combat of this fungus represents 35 to 45% of the total cost of
production (Orozco-Santos et al., 2012).

Etiology and epidemiology: the fungus Mycosphaerella citri is characterized by its greenish
hyphae, which make up the conidiophores with integrated conidiogens that expand near the apex,
the scars can be generally pigmented and dark. On the other hand, conidia are formed individually
or in short chains. The shape of the ascospores varies from cylindrical to fusiform, warts, obovate
to obconical, subhyaline to pigmented, O-pluri-septate, with conspicuous refractory yarn, slightly
pigmented, thickened (Crous et al., 2009).

Fallen leaves are the main source of inoculum for this disease, during the winter it is present as
pseudotecios and once the ascospores are mature they spread more easily by air currents (Showler,
2017), the relative humidity close to 100% and high temperatures (35 °C) for prolonged periods
favor the manifestation of the disease (Silva et al., 2015).

Symptomatology: the disease manifests itself mainly in leaves and to a lesser extent in fruits, the
symptoms in leaves are expressed in the underside of mature leaflets and slightly elevated lesions
of different shades appear (Figure 2a and 2b). In the early stages of infection, the color begins
yellow, then brown in an intermediate advance and ends with black “necrotic” or chlorotic spots
with oily margins (Silva et al., 2015).

e

Figure 2. a) and b) The symptoms of Mycosphaerella citri manifest with necrotic lesions on
the underside of the leaf.

After the necrosis, the plant presents early defoliation in winter, so that the vigor and the yield of

the fruits decrease between 20% and 45%. In the fruits, tiny necrotic spots appear in the shell and
thereby detract from the commercial value of the product (Silva et al., 2015; Showler, 2017).
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Control methods: the use of cupric fungicides and oils represent a control solution against the
fungus; however, its effectiveness is not reliable (Abbas and Fares, 2009). Since, the excess of
applications in the same cycle causes resistance of the fungus, consequently, there is a high
presence of inoculum and decreases the effectiveness by 45% (Rodriguez et al., 2011).

On the other hand, they concluded that the application of fungicides Frutriafol and Trifloxistrobim
significantly reduce the incidence and severity of the pathogen by up to 70%. However, the efficacy
in the control of the pathogen is greater with the joint application of Difeconazole and Azoxidifem
(87.5%) and copper oxychloride (75%). Similarly, Showler (2017) mentioned that the use of
vegetable oils or fish oil in combination with organic mixtures such as molasses, humic acid and
cornmeal reduces foliage damage by up to 25%.

Neck rot (Lasiodiplodia theobromae)

Economic importance: the fungus Lasiodiplodia theobromae is of great economic importance
(Sathya et al., 2017). In Mexico, this pathogen is reported in cocoa, avocado and papaya crops;
however, in the available literature there is no study that quantifies the attack and monetary losses
of this pathogen to citrus cultivation (Picos et al., 2015).

Etiology and epidemiology: the causative agent, Lasiodiplodia theobromae, shows pycnidia
(fruiting bodies) in the form of a dark flask, in advanced stages of maturation they have a
hollow, long and neck-shaped structure, by this same, through a pore the conidia of globose
appearance and light brown coloration are released, as they mature, a longitudinal tabulation
and striation appears, therefore, they usually have a size of 31.3 - 42.9 x 15.6 - 19.5 um (Netto
et al., 2014).

Additionally, the description of this pathogen is based on the sequencing of the intergenic spacer
regions of the rDNA (ITS) and the elongation factor 1 alpha (EF-1) (Picos et al., 2015). For the
growth of this pleomorphic and ubiquitous fungus, temperature of 28 °C with 75% relative
humidity are optimal. Infection of the fungus begins with the production and development of
pycnidia in dead or senescent leaves.

Subsequently, the conidia disperse through water or wind and enter the plant through wounds
caused by insects, pruning or natural causes. Consequently, the fungus colonizes endophitically the
tissue of the branches prior to inflorescence, days after flowering the pathogen reaches the pedicel
of the fruit (Noriega-Cantu, 2017). Finally, the pathogen enters through the spongy central axis of
the fruit and infects the calyx and the floral disk, therefore, this latent pathogen is considered, since
it causes an endophytic infection (Sathya et al., 2017).

Symptomatology: the symptoms are expressed in stem rot, the cortex softens at the periphery
of the button and acquires a brown coloration on the infected surfaces (Figure 3a). Therefore,
the pathogen is more easily dispersed to other plant organs (Zhao et al., 2016). Under the cuticle
the tissue is necrotic and mummifies the fruit; however, in the leaves there are spots in more
advanced stages causing senescence and with it the descending death (Figure 3b) (Picos-Mufioz
et al., 2015).
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Figure 3. Damage from Lasiodiplodia theobromae. a) stem rot; and b) descending death, the tree
presents total defoliation.

Control methods: the common control method is using chemicals, derivatives of copper and sulfur.
For example, applications of benomyl and copper oxychloride in different phenological phases of
the crop are effective in combating this fungus. As a biological control of the pathogen, Segura-
Contreras et al. (2017), mention the extract of Schinus molle, at a concentration of 30% of it can
inhibit 90% the presence of the fungus.

Huanglongbing (Candidatus Liberibacter spp.)

Economic importance: huanglongbing (HLB) or yellow dragon, is considered one of the most
devastating diseases of citrus worldwide because of its rapid spread and devastation, since it
reduces crop yields and causes the death of the tree (Wang et al., 2017). Its distribution covers
countries of the Asian, African and American continent (Gottwald, 2010). In Mexico, the decrease
in production per year is around 25% (1.84 million t) due to this disease.

Also, Salcedo et al. (2010) stated that HLB damage can reach up to 41% of production (three
million tons) under a high intensity epidemic scheme. On the other hand, the states most affected
by the pathogen in the Mexican Republic are Colima and Yucatan, with a harvest decrease of 17.3%
and 62%, respectively (Mora-Aguilera et al., 2016). On the contrary, the citrus region of the state
of Sonora is free of the disease.

Etiology and epidemiology: HLB are associated with the bacterium Candidatus Liberibacter,
present in infected plant material and insects such as Trioza erytreae and Diaphorina citri (Zhang
et al., 2014), the latter being considered the main vector of the causative agent of the disease (Hall,
2018). Based on phylogenetic studies it has been detected in the 16S rRNA region that Ca.
Liberibacter belongs to the a-2 proteobacteria and is a large negative bacterium. In addition, the
bacterium has a diameter of 0.2 to 0.3 um and a membrane that contains a layer of peptidoglycan
(Camacho-Tapia et al., 2016).

The species of Ca. Liberibacter that have been identified by their pathogenicity exclusively in
citrus fruits are: Candidatus Liberibacter asiaticus (CaLas), Candidadus Liberibacter africanus
(CaLaf), and Candidatus Liberibacter americanus (CaLam) (Camacho-Tapia et al., 2016). The
bacterium is located in the hemolymph and salivary glands of insect vectors, enters the plant
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through the stylus of the psyllid and travels; through the phloem sieve tubes until reaching the
root system, it is here that the bacteria replicates and distributes irregularly to the rest of the
plant (Johnson et al., 2013).

Symptomatology: the infection in trees presents with a bulge in the middle lamella of the leaves,
in more advanced cycles collapses of the phloem cells occur, consequently, the vascular tissue
becomes necrotic and blocks the flow and translocation of nutrients; this leads to anatomical
changes in the leaves such as: yellowing of the ribs and the appearance of irregular spots ranging
from yellow to dark green tones (Figure 4a and 4b) (Folimonova and Achor, 2010), this condition
can be confused with zinc deficiency (McCollum et al., 2016). Some leaves have the symptom of
‘rabbit ears’, which consists of the vertical growth of new shoots with compressed internodes
(Tolba and Soliman, 2015).

In fruits, it is manifested in asymmetry and smaller size (Figure 4d), thickening of the pericarp,
seed abortion, yellow staining of the vascular region, color inversion (Figure 4c) and reduction
of soluble solids and Brix grades, this last characteristic demerits organoleptic quality,
therefore, is not possible for use in industry (Bove, 2006). It should be noted that the disease
in more advanced stages causes severe defoliation in the tree, abortion of fruits and finally
death (Wang et al., 2017).

Figure 4. Symptomatology of HLB. a and b) irregular spotted on the leaves; c) color inversion; and
d) deformed fruit with thickening of the pericarp.

Control methods: there is currently no effective cure or treatment for HLB, however, preventive
disease management is carried out through combat and eradication of the psyllid by chemical
and biological control (Hernandez et al., 2013). In Mexico, insecticide applications are made
such as: argenomine, azadarictine, imidacloprid, zetacipermethrin, in addition, the use of
antibiotics such as oxytetracilin, ampicillin, streptomycin, tetracycline and penicillin (Zhang et
al., 2014).
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Another option to combat the bacteria is the nutritional programs based on zinc, copper and
manganese (Gottwald et al., 2012). Similarly, thermotherapy with a range of 40 °C- 42 °C has 90%
effectiveness (Fan et al., 2016). Biological control is carried out by the release of Tamarixia radiata
which reduces the populations of the Diaphorina citri psyllid. Finally, the use of certified plant
material tolerant to HLB is essential (Mora-Aguilera et al., 2016). Currently, ‘Lise’ a variety of
Mexican lemon developed at the National Institute of Forestry, Agricultural and Livestock
Research (INIFAP) of Tecoman, Colima offers greater resistance to the HLB attack. Also, it can
be successfully grown in the states of Michoacan, Oaxaca and Guerrero with an average yield of
40 t per hectare per year (SADER, 2018).

Citrus sadness virus (VTC)

Economic importance: it is one of the viral diseases in citrus of major economic importance in the
world. In the decade of the 30’s, the VTC caused the death of more than 50 million trees in an
epidemic that spread in Brazil and Argentina. Similarly, California, Florida, Spain, South Africa,
among other countries, present the death of millions of orange and tangerine trees grafted on sour
orange, as well as Mexican lemon (Agusti, 2010).

In Mexico, the presence of the VTC pathogen and the vector (Toxoptera citricide) were identified
in 20 and 10 citrus producing states, respectively (Villegas and Mora, 2011). In Tamaulipas, 150
trees were registered that tested positive for the virus; likewise, 80% of citrus plantations in the
country have as their rootstock the sour orange (Citrus aurantium), a pattern highly susceptible to
VTC, therefore, the risks of loss are very high (Ruiz-Garcia et al., 2009).

Etiology and epidemiology: the virion is filamentous and flexible, has a size of 20 kilobases of
sSRNA genome (ingle-stranded RNA), presents a helical shape with a primary helix passage in a
range of 3.4-3.8 nm, each of they have 10 protein subunits that show a central hole 3-4 nm, the
diameter of this phytopathogen comprises 12 nm and its length range extends from 650 nm to more
than 2 000 nm.

On the other hand, their covers are mostly formed by protein components. Also, the main layer
protein (CP, encodes the p25 gene) and represents 95% of the virus and the minor coat protein
(CPm, encodes the p27 gene) contributes to the rest of the virus. The virus is dispersed by plant
material and aphids, such as the brown aphid (Toxoptera citricida) that develops at temperatures
close to 25 °C (Lomeli-Flores et al., 2013). Once the pathogen is present, the growth of the plant
decreases and consequently the yields decrease.

Symptomatology: the disease manifests with chlorosis in most of the leaves and a slight stem bite,
then 50% of the tree has defoliation and the stem bite is more noticeable and covers a larger area,
the leaves show yellow halos for both sides, the fruits are smaller and of a pale green color,
therefore, the production of citrus is very little or zero and the tree dies.

Control methods: the chemical control consists of the application of malathion (1 000 g L),
naled (900 g L), diazinon (400 g kg?) and dimethoate (400 g L) against the vectors
Toxoptera citricida, Aphis Gossypii, Aphis citricola and Toxoptera aurantii (Abubaker et al.,
2017). Due to the danger that these vectors represent, in Mexico a monitoring and detection
campaign has been implemented since 2014 through the norm NOM-031-FITO2000
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(SENASICA, 2014). In addition, biological control; through the release in the field of species
such as Cycloneda sanguinea (L.) and Harmonia axyridis, they represent a viable alternative
to combat VTC vectors (Reyes-Rosas et al., 2013).

Moreover, applications of 20% Tephrosia vogelii ethanolic extract have shown effectiveness in
combating the population of Toxoptera citricide (Rahman et al., 2016). While the use of VTC-
resistant patterns, for example: FAS5, F418, Citrus volkameriana, Citrumelo CPB 4475, sweet
orange, common tangerine and Cleopatra, plants and graft buds certified free of the virus are
efficient alternatives (Agusti, 2010).

Conclusions

Mexico is one of the main citrus producers worldwide, however, the presence of diseases has a
strong agronomic and economic impact, with losses of 10% to 80%. The main pathogens in the
country are: Phytophthora spp., Mycosphaerella citri, Lasiodiplodia theobromae, Candidatus
Liberibacter spp. and Citrus sadness Virus.

However, the different control methods are insufficient in citrus fruits, if there is no integrated pest
management. Therefore, diseases such as the HLB and the VTC represent a serious problem in
Mexico in the future, since, in other countries, the serious damages that they cause, both
economically and in cultivation, have been seen. In other words, more than 80% of the surface of
the national territory destined for citrus fruits runs the risk of reducing their production and
reducing the number of healthy plants.

It is necessary to have an integrated pest management that allows the producer to make the correct
decisions to monitor, prevent, control or eradicate the different phytopathogens and their vectors
without these representing considerable economic damages and losses.
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