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Short Commentary
Citrus is one of the most grown fruit crops in the planet, and has

very important economic value for several regions across the tropics
and subtropics. These include countries in the Northern Hemisphere
such as United States of America and Mexico in the Americas, Spain,
Italy, Egypt, Turkey and Israel in the Mediterranean, China, India and
Japan in Asia, and countries in the Southern Hemisphere such as
South Africa, Australia, Brazil, Uruguay and Argentina. This
distribution of Citrus culture between both hemispheres warrants
transport of fruit between regions on a seasonal basis through
regulated trade. However, with commercial transport of commodities
and increasing traffic of passengers among countries, new threats have
appeared such as the spread of diseases. A dramatic example of this is
the spreading of the disease known as huanglongbing (HLB), the
yellow dragon disease. HLB is the most economically devastating
disease of citrus worldwide, it was described for the first time in
southern China in 1919 and is now known to occur in about 40
different countries around the globe. The HLB bacterium belongs to
the genus Candidatus Liberibacter, Currently three species are known,
Candidatus Liberibacter asiaticus, occurring in Asian countries, Brazil
and the USA, Candidatus Liberibacter africanus with its subspecies
"capensis", recorded from African countries, and Candidatus
Liberibacter americanus present also in Brazil [1]. It has been
suggested that each liberibacter species has evolved in the continent
after which it is named. HLB symptoms are virtually the same
wherever the disease occurs. HLB can be transmitted by grafting from
citrus to citrus and by dodder to periwinkle [2]. The psyllids Trioza
erytreae and Diaphorina citri are natural vectors [1].

In Florida, the disease is caused by the fastidious gram-negative α-
proteobacterium, Candidatus Liberibacter asiaticus (CLas), and since
it was first detected in 2005 it has reduced the citrus acreage and fruit
production by 70% [3]. CLas propagates within the phloem of citrus
plants producing root loss, branch die-back, yellow shoots, blotchy
mottle chlorotic patterns on leaves, and off-tasting and malformed
fruit. HLB infection inhibits root growth, reduces nutrient uptake, and
promotes leaf and fruit drop, and whole tree decline that is often lethal.
HLB symptoms include reduced growth, less concentrated bloom, leaf
chlorosis, and loss of root mass [4,5]. Regarding citrus fruit
production, two main effects are associated with HLB: increased
preharvest fruit drop, and loss of internal quality. Both effects reduce
substantially economical returns for growers. The mechanism by which
CLas causes HLB is still not well determined [6-9]. Currently there is
no cure, and disease management consists of controlling psyllid vector
with regular insecticide applications, removal of infected trees,
elimination of affected groves, and enhanced nutrition programs for
improving plant health of infected trees. However, results are not

consistent in neither enhancing tree health and fruit yield and quality
nor stopping or slowing infection rate, and now it is estimated that
more of 80% of Florida citrus acreage is infected [3].

The impact of HLB in different parts of the world has devastated the
Citrus Industry. With no cure on the horizon, the solutions currently
available are focused on prolonging tree lifespan and trying to
maintain fruit yield. However, this threat has sparked a massive
research effort that is producing a significant amount of innovation. In
this Commentary, I will focus in some of the most promising
approaches currently developed and adopted in Florida.

Breeding, gene engineering and gene editing
Citrus breeding of superior varieties is not an easy task and almost

impossible to achieve by conventional sexual hybridization, and
requires other techniques such as somatic hybridization [10]. However,
searching and breeding for new varieties with tolerance/resistance to
HLB and other stresses and diseases are critical to maintain the
Industry alive. With the sequencing of the citrus genome and
elucidation of its fascinating evolutive history [11], now we have
unique tools to breed new varieties and look for desired traits in a
targeted manner, like for example introgressing HLB tolerance/
resistance genes from trifoliate oranges into edible, commercial
varieties [12]. Since traditional breeding of citrus varieties is
challenging due to different constraints that include polyploidy,
polyembryony, extended juvenility and long crossing cycles, targeted
genome editing technology has the potential to shorten varietal
development for some traits, including disease resistance [13]. A great
example of precise genome editing is the technique known as Clustered
Regularly Interspaced Short Palindromic Repeats (CRISPR) and its
associated Cas9 protein. Through this approach, it has been possible to
confer resistance to canker infection in citrus by modifying an effector
binding element in the promoter region of one single allele of the
canker susceptibility gene CsLOB1 [14] or in both alleles of the gene in
Duncan grapefruit [13]. This technique shows great promise to attack
HLB as well. Certainly, long lasting solution will be the development of
citrus cultivars resistant to disease through engineering, and other
strategies based on overexpression of pathogenesis related protein PR1
have also shown some promise [15].

New planting/managing methods
There is still a lot that can be achieved in the area of grove

management. Under HLB pressure, different management strategies
are being assayed. One of the most dramatic effects of HLB infection is
the loss of root density. Nutritional stress in citrus trees due to low
availability of nutrients and roots loss directly influences fruit yield and
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crop value by aggravating fruit drop and reducing overall quality.
Improving root health by lowering high soil pH to make nutrients
available to the root system improves performance of HLB affected
trees [16]. In addition, preliminary studies indicate that various
fertilizer formulations may improve health of infected trees [17] and
now different formulations are being assayed in Florida. Another
example of improved management under HLB deals with grove
architecture. Higher density plantings will be fundamental to achieve
higher economic yields through maximize fruit yield per acre,
minimize the use of all production inputs per acre and reduce the
environmental impacts of growing citrus [18]. Key factors for the new
high density model of grove will be selecting of dwarfing rootstocks,
managing tree row structure as a hedge and adopting mechanized
harvesting [19]. Probably one of the most breakthrough examples of
the change in paradigm that HLB has brought to citrus grove
management comes from the adoption of CUPS (Citrus Under
Protective Screens) systems. CUPS completely exclude the asian citrus
psyllid, Diaphorina citri) and therefore the disease, and is specially
indicated from growing citrus for the fresh market, due to higher
economic returns of this kind of fruit, since the costs to establish the
screenhouse structures is very important. However, the benefits of
eliminating HLB are immediate and include normal tree growth,
higher yields of quality fruit, negligible fruit drop, and uncomplicated
fertilizer and irrigation requirements [20].

New treatments
Research efforts under HLB immense pressure are resulting in novel

treatments consisting of creative applications of known technologies,
chemicals such as bactericides or plant hormones such as
brassinosteroids that show great promise for controlling not only HLB
but other diseases. Since the list of these promising compounds and
techniques is expanding at a fast pace under the urgency created by
HLB, I want to highlight here only two examples of them that have
sparked great interest in Florida: The first technology consists of nano-
oxide materials (known as Zinkicide). These nanoparticles are able to
control certain diseases such as canker in citrus better than
conventional copper-based methods and present advantages such as
lower toxicity, higher antimicrobial activity and ability to move
translaminar in the plant [21]. Recently, it has been shown by cuban
researchers the potential of a relatively newly described group of
hormones, brassinosteroids, for controlling HLB both in already
infected plants and with potential as a protective treatment measure for
nursery plants before planting in the grove. Brassinosteroids were able
to reduce significantly bacterial titer and alleviate symptoms of
greening in HLB-affected mature citrus trees [22]. This effect seems to
be mediated by the activation of a high number of defense-related
genes, including jasmonic acid signaling pathway and downstream
salicylic acid-related signaling genes such as pathogenesis-related PR1
and PR2. However, the long-term effects of this treatment on tree
health and fruit yield and quality have not been shown yet and
research is currently undergoing.

References
1. Bove JM (2006) Huanglongbing: a destructive, newly-emerging, century-

old disease of citrus. Journal of Plant Pathology 88: 7-37.
2. Garnier M, Bove M (1983) Transmission of the organism associated with

citrus greening disease from sweet orange to periwinkle by dodder.
Phytopathology 73: 1358-1363.

3. Graham J, Morgan K (2017) Why bicarbonates matter for HLB
management. Citrus Industry pp: 16-21.

4. Pustika AB, Subandiyah S, Holford P, Beattie GAC, Iwanami T, et al.
(2008) Interactions between plant nutrition and symptom expression in
mandarin trees infected with the disease huanglongbing. Australasian
Plant Disease Notes 3: 112-115.

5. Etxeberria E, Gonzalez P, Achor D, Albrigo G (2009) Anatomical
distribution of abnormally high levels of starch in HLB-affected Valencia
orange trees. Physiological and Molecular Plant Pathology 74: 76-83.

6. Cimò G, Bianco RL, Gonzalez P, Bandaranayake W, Etxeberria E, et al.
(2013) Carbohydrate and Nutritional Responses to Stem Girdling and
Drought Stress with Respect to Understanding Symptoms of
Huanglongbing in Citrus. HortScience 48: 920-928.

7. Duan Y, Zhou L, Hall DG, Li W, Doddapaneni H, et al. (2009) Complete
genome sequence of citrus huanglongbing bacterium,’Candidatus
Liberibacter asiaticus’ obtained through metagenomics. Mol Plant
Microbe Interact 22: 1011-1020.

8. Fan J, Chen C, Yu Q, Khalaf A, Achor DS, et al. (2012) Comparative
Transcriptional and Anatomical Analyses of Tolerant Rough Lemon and
Susceptible Sweet Orange in Response to “Candidatus Liberibacter
asiaticus” Infection. Mol Plant Microbe Interact 25: 1396-1407.

9. Killiny N, Hijaz F (2016) Amino acids implicated in plant defense are
higher in Candidatus Liberibacter asiaticus-tolerant citrus varieties. Plant
Signal Behav 11: e1171449.

10. Gmitter FG, Grosser JW, Castle WS, Moore GA (2007) A comprehensive
citrus genetic improvement program. In: Kahn IH (Edn) Citrus genetics,
breeding and biotechnology, CAB International, Wallingford 2: 9-18.

11. Wu GA, Terol J, Ibanez V, López-García A, Pérez-Román E, et al. (2018)
Genomics of the origin and evolution of Citrus. Nature 554: 311-316.

12. Grosser JW, Gmitter FG (2012) Breeding disease-resistant citrus for
Florida: Adjusting to the canker/HLB world. Part 1 – Scions. Citrus
Industry pp: 6-9.

13. Jia H, Zhang Y, Orbovic V, Xu J, White FF, et al. (2017) Genome editing of
the disease susceptibility gene CsLOB1in citrus confers resistance to
citrus canker. Plant Biotechnol J 15: 817-823.

14. Jia H, Orbovic V, Jones JB, Wang N (2016) Modification of the PthA4
effector binding elements in Type I CsLOB1 promoter using Cas9/sgRNA
to produce transgenic Duncan grapefruit alleviating
XccDpthA4:dCsLOB1.3 infection. Plant Biotechnol J 14: 1291-1301.

15. Dutt M, Barthe G, Irey M, Grosser J (2015) Transgenic citrus expressing
an Arabidopsis NPR1 gene exhibit enhanced resistance against
huanglongbing (HLB; citrus greening). PloS One 10: e0137134.

16. Graham J, Morgan K (2015) Managing Excessive Bicarbonates with
Acidification. Citrus Industry 96: 8-11.

17. Satpute AM, Grosser DJ (2017) Nutrition plays a key role in mitigating
disease severity anddefense towards CLas in Huanglongbing infected
citrus. Proc Int Conf HLB V.

18. Schumann A, Hostler K, Waldo L (2012) Advanced citrus production
systems-grove designs for higher efficiencies. Citrus Industry pp: 6-9.

19. Bordas M, Torrents J, Arenas FJ, Hervalejo A (2012) High density
plantation system of the Spanish citrus industry. Acta Horticulturae 965:
123-130

20. Schumann AW, Singerman A, Wright AL, Ferrarezi RS (2017) Citrus
under protective screen (CUPS) production systems. EDIS HS 1304, UF
Extension.

21. Graham JH, Johnson EG, Myers ME, Young M, Rajasekaran P, et al.
(2016) Potential of nano-formulated zinc oxide for control of citrus
canker on grapefruit trees. Plant Disease 1000: 2442-2447.

22. Canales E, Coll Y, Hernández I, Portieles R, Rodríguez García M, et al.
(2016) ‘Candidatus Liberibacter asiaticus’, causal agent of citrus
huanglongbing, is reduced by treatment with brassinosteroids. PLoS ONE
11: e0146223.

 

Citation: Alferez F (2018) Struggling Citriculture in Florida is a Source for Innovation in Horticultural Science. J Hortic 5: 224. doi:
10.4172/2376-0354.1000224

Page 2 of 2

J Hortic, an open access journal
ISSN: 2376-0354

Volume 5 • Issue 1 • 1000224

http://www.sipav.org/main/jpp/index.php/jpp/article/view/828
http://www.sipav.org/main/jpp/index.php/jpp/article/view/828
https://doi.org/10.1094/phyto-73-1358
https://doi.org/10.1094/phyto-73-1358
https://doi.org/10.1094/phyto-73-1358
https://doi.org/10.1071/dn08045
https://doi.org/10.1071/dn08045
https://doi.org/10.1071/dn08045
https://doi.org/10.1071/dn08045
https://doi.org/10.1016/j.pmpp.2009.09.004
https://doi.org/10.1016/j.pmpp.2009.09.004
https://doi.org/10.1016/j.pmpp.2009.09.004
https://doi.org/10.17660/actahortic.2016.1130.43
https://doi.org/10.17660/actahortic.2016.1130.43
https://doi.org/10.17660/actahortic.2016.1130.43
https://doi.org/10.17660/actahortic.2016.1130.43
https://doi.org/10.1128/genomea.00169-15
https://doi.org/10.1128/genomea.00169-15
https://doi.org/10.1128/genomea.00169-15
https://doi.org/10.1128/genomea.00169-15
https://doi.org/10.1094/mpmi-06-12-0150-r
https://doi.org/10.1094/mpmi-06-12-0150-r
https://doi.org/10.1094/mpmi-06-12-0150-r
https://doi.org/10.1094/mpmi-06-12-0150-r
https://doi.org/10.1080/15592324.2016.1171449
https://doi.org/10.1080/15592324.2016.1171449
https://doi.org/10.1080/15592324.2016.1171449
https://doi.org/10.1079/9780851990194.0009
https://doi.org/10.1079/9780851990194.0009
https://doi.org/10.1079/9780851990194.0009
https://doi.org/10.1038/nature25447
https://doi.org/10.1038/nature25447
http://www.crec.ifas.ufl.edu/extension/trade_journals/2012/2012_November_breeding_disease.pdf
http://www.crec.ifas.ufl.edu/extension/trade_journals/2012/2012_November_breeding_disease.pdf
http://www.crec.ifas.ufl.edu/extension/trade_journals/2012/2012_November_breeding_disease.pdf
https://doi.org/10.1111/pbi.12677
https://doi.org/10.1111/pbi.12677
https://doi.org/10.1111/pbi.12677
https://doi.org/10.1111/pbi.12495
https://doi.org/10.1111/pbi.12495
https://doi.org/10.1111/pbi.12495
https://doi.org/10.1111/pbi.12495
https://doi.org/10.1371/journal.pone.0147657
https://doi.org/10.1371/journal.pone.0147657
https://doi.org/10.1371/journal.pone.0147657
http://www.crec.ifas.ufl.edu/extension/trade_journals/2015/2015_May_bicarbonates.pdf
http://www.crec.ifas.ufl.edu/extension/trade_journals/2015/2015_May_bicarbonates.pdf
http://www.crec.ifas.ufl.edu/extension/trade_journals/2012/2012_Sept_advanced_citrus.pdf
http://www.crec.ifas.ufl.edu/extension/trade_journals/2012/2012_Sept_advanced_citrus.pdf
https://doi.org/10.17660/actahortic.2012.965.15
https://doi.org/10.17660/actahortic.2012.965.15
https://doi.org/10.17660/actahortic.2012.965.15
http://edis.ifas.ufl.edu/hs1304
http://edis.ifas.ufl.edu/hs1304
http://edis.ifas.ufl.edu/hs1304
https://doi.org/10.1094/pdis-05-16-0598-re
https://doi.org/10.1094/pdis-05-16-0598-re
https://doi.org/10.1094/pdis-05-16-0598-re
https://doi.org/10.1371/journal.pone.0146223
https://doi.org/10.1371/journal.pone.0146223
https://doi.org/10.1371/journal.pone.0146223
https://doi.org/10.1371/journal.pone.0146223

	Contents
	Struggling Citriculture in Florida is a Source for Innovation in Horticultural Science
	Short Commentary
	Breeding, gene engineering and gene editing
	New planting/managing methods
	New treatments

	References


