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Abstract 

The huaglongbing (HLB) is the most feared disease and cause total yield loss citrus orchards under favorable 

environmental conditions. The Candidatus Liberibacter species is the cause of citrus greening which is carried on 

Diaphorina citri during feeding of leaves. In Ethiopia citrus are produced in large commercial and small scale 

farmers. However, the status of yield reduction has no more attention were given. The critical diagnosis is 

important task either the citrus tree has blotchy mottle or leaf yellowing due the deficiency of nutrient or HLB. 

The asymmetric mottle is produced when HLB affects the plant, which can be shown as atypical patches of light 

green or yellow in contrast to the normal green color of the leaf. When once infected the field the disease control 

is impossible rather than removing infected trees. Therefore, the government is better to establish strong 

quarantine policy for the inspection of exchanging materials from abroad or even within country exchanging 

citrus stocks or scions for breeding purpose without certification. 
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Introduction 

Citrus greening (huaglongbing, HLB) is the most epidemic disease of citrus trees in the world. In the last few 

years, more than 58 nations including tropics and subtropics of Africa, Asia, India and Bangladesh have been 

reported occurrence of disease (Braswell et al., 2020; Vashisth and Kadyampakeni, 2020). It is difficult to 

determine where HLB originated. However, there is information suggesting that HLB was responsible for 

India’s citrus dieback during the eighteenth century (da Graça, 2008). Initially, researchers believed that the 

tristeza virus was the leading cause of the citrus dieback in India, but after a thorough survey, HLB was 

determined to be the primary cause (da Graça, 2008). In China, HLB has been reported since 1919 and described 

as the citrus yellow shoot disease (Bové, 2014). In 1937, the first time report has been made in South Africa 

(Garnier et al., 2000) 

The  presence of Diaphorina citri (Vector for HLB)  has been reported in 21 countries out of 54 African 

countries  (Ajene, 2020)  and  detected in  Tanzania, Kenya during  2016 and 2017  respectively (Shimwela et al., 

2016; Rwomushana et al., 2017). In Ethiopia the distribution of African citrus triozid (ACT) showed an irregular 

pattern (Hailu and Wakgari, 2019).  The highest infestation of ACT has been reported on White sapota 

(Casimiroa edulis) in Oromia and Dire Dawa (Hailu and Wakgari, 2019) which is among the alternative host 

plants. The yield reduction of citrus due to the bacteria disease is does not given attention in social community in 

spite of the constraint might be caused nutrient deficiency. Therefore, the present review is focused on the social 

awareness, early warning and the way of control method for minimizing the risk caused by citrus greening in 

Ethiopia. 

 

Distribution of citrus greening 

The putative dispersal patterns of Asian citrus Phsyllid suggest that it may have spread from the regions of the 

initial detection into other countries. The natural movement of Phsyllid may be an unlikely route of long-distance 

dispersal, but the free flow of plant products such as bud wood and root stock seedlings through trade within the 

eastern African region could assist the long-distance dispersal of the eggs and nymphs (Rwomushana et al., 

2017).Citrus greening disease is naturally disseminated by insect vector Diaphorina citri (Hemiptera:Liviidae) 

and Trioza eryt- reae (Del Guercio) from diseased plant to healthy during insect feeding.  HLB bacteria can also 

be spread through plant grafting and movement of infected plant material (Lin, 1956). Even though the 

pathogens are bacteria, the disease does not spread by casual contamination of personnel and tools or by wind 

and rain. The widespread presence of ACT in Ethiopia, as well as the presence of ‘Candidatus Liberibacter 

asiaticus’ associated HLB already present a significant risk to citrus production in Ethiopia (Dessie et al., 2022). 

The presence of the Ca. L. asiaticus in Ethiopia, recent detection of ACP in the African continent, free trade 

movement, presence of reservoir hosts plants and similar climatic patterns, there is a need to confirm the 

presence and status of ACP in the country. The three species of bacteria associated with HLB: ‘Ca. Liberibacter 

asiaticus’, ‘Ca. L. africanus’, and ‘Ca. L. americanus’, ‘Ca. L.  africanus’ and its vector, Trioza erytreae, are 
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both heat sensitive, and when present, occur in citrus when temperatures remain below 30 to 32°C. In Africa, 

‘Ca. L. africanus’ and T. erytreae have been reported in South Africa, Zimbabwe, Malawi, Burundi, Kenya, 

Somalia, Ethiopia, Cameroon, and Madagascar (Bove, 2014). However, Dessie et al.2022 reported the HLB 

bacteria species Ca. Liberibacter asiaticus which is transmitted by vector Diaphorina citri   in Upper Awash 

citrus farm in Ethiopia, which is also possible the vector live above 30 oC and the bacteria strain is adapt those 

temperature fluctuation (Hall et al., 2013). 

 

Limitations and constraints for identification of citrus greening 

Citrus greening is serious problems for citrus crops in the world (Wang, 2020). The HLB disease is threating 

citrus fields in Ethiopia. However, the actual yield reduction data were not established. Naturally, HLB disease is 

confusion for diagnosis easily, resemblance of nutrient deficiency (Abate, 1988). The strain of HLB in recent 

years has made the situation more complex in the country (Saponari et al., 2010; Ajene et al., 2019). The 

majority of growers or even experts are neither aware of HLB presence nor acquainted with efficient control 

options in Ethiopia. Some farmers manage these trees by applying farmyard manure and plant residues. The 

major problem related to HLB is that it interacts with soil nutrient amendments (Zhang et al., 2016). Ajene et al. 

2019 described the field investigation of the disease confirmed the presence HLB with significant damage on 

citrus orchards located in different parts of northern Ethiopia. The visual diagnosis of HLB in citrus is difficult as 

some cases it might be looks like zinc or manganese deficiency and some growers supply nutrient (Dessie et al., 

2022). 

 

Disease epidemiology 

Citrus greening is an obligate bacterial disease that was serious in many citrus planting. The African citrus 

psyllid (Trioza ertreae) is common insect vector and transmits huaglongbing, also called citrus greening while 

feeding on the saps of the phloem. Hence, the disease could be transmitted from infected trees to a healthy one 

with the help of the vector so-called citrus Psyllid. According to the report the specific cause of the disease and 

its vector were identified in Ethiopia in 2016 (Atsbha, 2081 ). The presence of the disease and the natural vector 

may lead to rapid spread of the diseases to many parts of citrus growing region. The bacteria also transmitted 

through grafting if the grafting tools have been taken from infected plant tissue (Garces-Giraldo, 2012; León and 

Kondo, 2018). 

The bacteria disease cannot be spread by wind, rain, or contact with contaminated personnel, unlike other 

infectious diseases. In the citrus growing areas of the world, its insect vectors have been most observed, and this 

may occur due to gigantic movements of plants and insects around the globe (Tolba and Soliman, 2015) as well 

as some calamities such as hurricanes or storms that have played an important role in expanding the Asian citrus 

Phsyllid over vast distances (Gottwald 2010; Wang et al., 2017). Among the three Candidatus Liberibacter 

species, there is the fact that their ecological adaptation is not the same to each other considering temperature. If 

we represent CLas, which fosters when the temperature is over 30 oC, which manifests as a heat-tolerant species 

(Hall et al., 2013), and the CLaf species, adaptation is closely associated when the temperature is below 30 oC. 

That's why in the case of altitudinal distribution of the two pathogen species, ecological preferences are first 

(Jagoueix et al., 1994). 

 

HLB symptoms and nutrient deficiency problems 

Citrus leaves infected with citrus greening showed a characteristic symptom of blotchy mottled and yellowing 

discolorations (Catara et al., 1988; Rasowo ,2019). Symptoms are many and variable: yellow shoots, twig 

dieback, leaf drop, leaves with blotchy yellow/green coloration similar to the symptoms of zinc nutritional 

deficiency, enlarged veins that appear corky, excessive fruit drop, small and misshapen fruit, fruit that remains 

green at one end (the stylar end) after maturity, fruit with mottled yellow/ green coloration, small dark aborted 

seed inside fruit, discolored vascular bundles in the pithy center of the fruit, bitter tasting fruit, and silver spots 

left on fruits that are  important for visual diagnosis of fruits infected for HLB (Dala--Paula et al., 2019). 

Examining the deficiency of nutrient elements from citrus greening symptoms is important role because it is 

also responsible for leaf yellowing due to the absence of a few nutrients like manganese, magnesium, iron, zink, 

and calcium resulting from the mineral deficiencies, which are also similar to greening symptoms. Diffuse 

asymmetric mottle is produced when HLB affects the plant, which can be shown as atypical patches of light 

green or yellow in contrast to the normal green color of the leaf. It has been difficult to distinguish between HLB 

symptoms and nutrient deficiency symptoms, but a cautious and precise identification could isolate them (fig1). 

At the later stages of the disease, nutrient deficiency symptoms are often exposed, and for each symptom, it will 

have different patterns, but one thing is certain: patterns always occur across the mid-vein. 
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Figure 1. Citrus Leaves showing the blotchy mottle symptom of (A) HLB, (B) Zn deficiency, (C) Mg deficiency, 

(D) Mn deficiency, and vein corking associated with HLB, but also indicative of (E) B deficiency. Note the lack 

of symmetry about the mid-vein in the blotchy mottle leaf compared to the nutrient deficient leaves. 

 
Figure 2.Huanglongbing-infected orange trees bear fruits that are small and lopsided (right) compared with 

healthy fruit (left). 

Symptomatic trees display excessive starch accumulation in the aerial plant parts, one of the predominant 

biochemical responses to HLB, due to the up regulation of glucose-phosphate transport, which is involved with 

the increased entrance of glucose into this pathway (Martinelli and Dandekar, 2017). It has been suggested that 

accumulation of starch in the leaves is also the result of decreased degradation and impaired transport which 

results in an inefficient partitioning of photo assimilates among mature citrus leaves, roots, and young leaves. 

This unbalance in sugar transport and accumulation would affect sugar content in fruit. The starch indefinitely 

remains in the aerial plant parts; it does not degrade, even during the night cycles, resulting in root starvation, 

severe health decline, and death of trees (Zheng et al., 2018). 

HLB symptomatic fruit from infected trees are smaller in diameter compared to asymptomatic fruit from 
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infected and healthy trees (fig. 2). Even though most of these symptomatic fruit do not make it to processing due 

to premature drop or elimination by sizing equipment (Baldwin et al., 2018), more are entering the processing 

stream as there is not enough normal sized fruit. The weight and juice content of symptomatic oranges are 

diminished compared to asymptomatic and healthy oranges (Baldwin et al., 2018). 

 

Yield reduction  

The evolution of symptom severity can be very fast, resulting in a rapid prevalence of severe symptoms 

distributed throughout the tree canopy. Severe symptoms in trees have been observed one to five years after 

onset of the first symptoms, depending on the age of the tree at the time of infection, but also on the number of 

infections per tree, which are often multiple (Schwarz et al., 1973). As disease severity increases, the yield is 

reduced and fruit quality degrades. Yield reduction is mainly due to early abortion of fruits from affected 

branches and can reach 30% to 100%, depending on the proportion of the canopy affected (Catling and Atkinson, 

1974 ).  

The despite of premature drop, some fruit from diseased trees can be harvested and have fair quality. 

However, as the HLB severity increases, the percentage of affected fruit that remains on the tree increases as 

well and can reach more than 40% of the fruit harvested (Bassanezi et al.,2008).These affected fruit are smaller, 

lighter, very acidic, and have a reduced Brix ratio. As HLB severity increases, the percentage of juice and 

soluble solids per box also decreases, and juice quality can become affected (Bassanezi et al., 2009). Because of 

this rapid disease progress, combined with yield and quality reduction, an affected orchard can become 

economically infeasible within seven to ten years after planting (Bassanezi et al.,2005). 

 

Field monitoring of citrus greening vectors  

Daily monitoring of citrus orchards is the one of approaches that contributes to Phsyllid prevention. Monitoring 

Phsyllid can be conducted by visual inspection of eggs and nymphs on flush shoots (Sétamou et al., 2008), and 

monitoring of adult populations using sticky traps and stem tap sampling (Stansly et al., 2009; Sétamou et al., 

2014). Among them, yellow or lime-green sticky cards are currently the most sensitive and effective method for 

detecting adult citrus Phsyllid and monitoring their populations (Hall and Hentz 2010; Monzo et al., 2015). 

Immediate detection and correct diagnosis of HLB after introduction, followed by eradication measures, are 

critical to prevent its further spreading. Making discussion/ education of the stakeholders, including growers and 

regulatory agents are critical for prevention in Ethiopian condition.  

 

Management of citrus greening 

A valid reason for losing the commercial value of fruits affected by HLB is that, along with the yield reduction, 

falling market price, and management of disease and production is very costly, which severely affects the 

economic condition. Also, citrus greening deteriorates the marketability of fruits in the agricultural field (Inoue 

et al., 2020). When a tree begins to be infected, it is totally a loss project to apply chemical pesticides because 

they cannot be cured completely with pesticides. In addition, young plants are more susceptible to this disease, 

and it is therefore a very laborious job for farmers to replace the young plants that have been affected so far. The 

first line of defense for HLB has always been quarantines to ensure the bacteria is not introduced and established. 

However, with ever-increasing international trade and immigration, the probability of unintentional introduction 

continues to rise and even strong quarantine policy of the country is established. Recently, no fruitful method has 

been developed to cure this deadliest disease, except to remove all infected plants from good ones to eliminate 

the spread of the pathogen (Inoue et al., 2020) and the use of insecticides to reduce the numbers of vectors are 

possible. 

 

Conclussion 

Citrus greening is the world feared disease in citrus orchards and epidemics of African countries produced in 

citrus fruits. In Ethiopia the crop is produced both commercial and small scale farms. The major symptoms are 

blotchy mottle leaves, small fruit sizes, miss happen fruit, color inversion, bitter fruit taste are typical symptoms. 

The Phsyllid vectors are the carriers of HLB causing bacteria species which can transmit from infected to healthy 

through feeding and grafting materials. In the nature, actual disease identification based on the symptom is very 

difficult task however the symptom is confused with nutrient deficiency and growers are supplement nutrient as 

solution. The confirmation of citrus greening disease is using molecular diagnosis. No fruitful methods of HLB 

bacteria control rather than removing infected orchards for limiting transmission of disease from infected 

orchard to healthy and even, daily monitoring for the presence or absence of  insect vectors and using 

insecticides are possible. 

 

References 

Abate, T., 1988. The identity and bionomics of insect vectors of tristeza and greening diseases of Citrus in 



Journal of Biology, Agriculture and Healthcare                                                                                                                                www.iiste.org 

ISSN 2224-3208 (Paper)  ISSN 2225-093X (Online)  

Vol.13, No.3, 2023 

 

39 

Ethiopia. International Journal of Pest Management, 34(1), pp.19-23.. 

Ajene, I.J., Khamis, F., Ballo, S., Pietersen, G., van Asch, B., Seid, N., Azerefegne, F., Ekesi, S. and Mohamed, 

S., 2020. Detection of Asian citrus psyllid (Hemiptera: Psyllidae) in Ethiopia: a new haplotype and its 

implication to the proliferation of Huanglongbing. Journal of Economic Entomology, 113(4), pp.1640-1647. 

Ajene, I.J., Khamis, F., Mohamed, S., Rasowo, B., Ombura, F.L., Pietersen, G., van Asch, B. and Ekesi, S., 2019. 

First report of field population of Trioza erytreae carrying the huanglongbing-associated 

pathogen,‘Candidatus Liberibacter asiaticus’, in Ethiopia. 

Atsbha, G. and Hintsa, M., 2018. Identification of insect and disease associated to citrus in Northern Ethiopia. 

African Journal of Microbiology Research, 12(13), pp.312-320 

Baldwin, E., Plotto, A., Bai, J., Manthey, J., Zhao, W., Raithore, S. and Irey, M., 2018. Effect of abscission zone 

formation on orange (Citrus sinensis) fruit/juice quality for trees affected by Huanglongbing (HLB). 

Journal of agricultural and food chemistry, 66(11), pp.2877-2890. 

Bassanezi RB, Busato LA, Bergamin-Filho A, Amorim L, Gottwald TR. 2005. Preliminary spatial pattern 

analysis of Huanglongbing in Sao Paulo, Brazil. ˜ Proc. 16th Conf. Intern. Org. Citrus Virol., pp. 341–

55.IOCV, Univ. Calif., Riverside, CA 

Bassanezi RB, Montesino LH, Amorim L, Gasparoto MCG, Bergamin-Filho A. 2008. Yield reduction caused by 

huanglongbing in different sweet orange cultivars in Sao Paulo, Brazil. ˜ Proc. Int. Res. Conf. 

Huanglongbing, pp. 270–273. http://www.plantmanagementnetwork.org/ proceedings/irchlb/2008/ 

Bassanezi RB, Montesino LH, Stuchi ES. 2009. Effects of huanglongbing on fruit quality of sweet orange 

cultivars in Brazil. Europian Journal of Plant Pathology. 125:565–572 

Bové JM 2006 Huanglongbing: a destructive, newly-emerging, century-old disease of citrus. Journa of Plant 

Pathology pp 7–37 

Bove, J.M., 2014. Huanglongbing or yellow shoot, a disease of Gondwanan origin: will it destroy citrus 

worldwide? Phytoparasitica 42 (5), 579–583. 

Braswell, W.E., Park, J.W., Stansly, P.A., Kostyk, B.C., Louzada, E.S., da Graça, J.V., Kunta, M., 2020. Root 

samples provide early and improved detection of Candidatus Liberibacter asiaticus in Citrus. Sci. Rep. 10 

(1), 1–11. 

Catara, A., Azzaro, A., Mughal, S.M. and Khan, D.A., 1988, March. Virus, viroid and prokaryotic diseases of 

citrus in Pakistan. In Proceedings of 6th Conference of the International Organization of Citrus Virologist. 

Tel Aviv (pp. 957-962). 

Catling HD, Atkinson PR. 1974. Spread of greening by Trioza erytreae (Del Guercio) in Swaziland. Proc. 6th 

Conf. Intern. Org. Citrus Virol., pp. 33–39. IOCV, Univ. Calif., Riverside, CA. 

Da Graça, J. V. 2008. “Biology, history and world status of Huanglongbing,” in I Taller Internacional sobre 

Huanglongbing de los cítricos (Candidatus Liberibacter spp.) y el psílido asiático de los cítricos (Diaphorina 

citri) (Hermosillo), 1–7. Available online at: 

http://concitver.com/huanglongbingYPsilidoAsiatico/Memor%C3%ADa-1%20Graca.pdf 

Dala-Paula, B.M., Plotto, A., Bai, J., Manthey, J.A., Baldwin, E.A., Ferrarezi, R.S.,Gloria, M.B.A., 2019. Effect 

of huanglongbing or greening disease on orange juice quality, a review. Front. Plant Sci. 9, 1976. 

Dessie, B., Shimelash, D. and Gebeyehu, S., 2022. Detection of Huanglongbing, insect vectors and nutritional 

profile of citrus in Upper Awash, Ethiopia. Journal of Plant Pathology, 104(1), pp.17-31. 

Garces-Giraldo, L.F., 2012. Cítricos: cultivo, poscosechae industrializacion. Available at: 

http://www.asohofrucol.com.co/archivos/biblioteca/biblioteca_211_PublicacionCitricosCultivoPoscosechae

Industrializacion.pdf. 

Garnier, M., Jagoueix-Eveillard, S., Cronje, P.R., Le Roux, H.F. and Bove, J.M., 2000. Genomic 

characterization of a liberibacter present in an ornamental rutaceous tree, Calodendrum capense, in the 

Western Cape Province of South Africa. Proposal of'Candidatus Liberibacter africanus subsp. capensis'. 

International Journal of Systematic and Evolutionary Microbiology, 50(6), pp.2119-2125 

Gottwald, T.R., 2010. Current epidemiological understanding of citrus huanglongbing. Annu. Rev. Phytopathol. 

48, 119–139. 

Hailu, T. and Wakgari, M., 2019. Distribution and Damage of African Citrus Psyllids (Trioza erytreae) in 

Casimiroa edulis Producing Areas of the Eastern Zone of Ethiopia. International Journal of Environment, 

Agriculture and Biotechnology, 4(3). 

Hall, D.G. and Hentz, M.G., 2010. Sticky trap and stem–tap sampling protocols for the Asian citrus psyllid 

(Hemiptera: Psyllidae). Journal of Economic Entomology, 103(2), pp.541-549 

Hall, D.G., Richardson, M.L., Ammar, E.D., Halbert, S.E., 2013. Asian citrus psyllid, Diaphorina citri, vector of 

citrus huanglongbing disease. Entomol. Exp. Appl. 146,207–223. 

Inoue, H., Yamashita-Muraki, S., Fujiwara, K., Honda, K., Ono, H., Nonaka, T., Kato, Y., Matsuyama, T., 

Sugano, S., Suzuki, M. and Masaoka, Y., 2020. Fe2+ ions alleviate the symptom of citrus greening disease. 

International journal of molecular sciences, 21(11), p.4033. 



Journal of Biology, Agriculture and Healthcare                                                                                                                                www.iiste.org 

ISSN 2224-3208 (Paper)  ISSN 2225-093X (Online)  

Vol.13, No.3, 2023 

 

40 

Jagoueix, S., Bove, J.M. and Garnier, M., 1994. The phloem-limited bacterium of greening disease of citrus is a 

member of the α subdivision of the Proteobacteria. International Journal of Systematic and Evolutionary 

Microbiology, 44(3), pp.379-386. 

León, G. and Kondo, T., 2018. Insectos y ácaros de los cítricos: compendio ilustrado de especies dañinas y 

benéficas, con técnicas para el manejo integrado de plagas 

Lin, K.H., 1956. Observations on yellow shoot of Citrus. Etiological studies of yellow shoot of Citrus. Acta 

Phytopathologica Sinica, 2(1). 

Martinelli, F. and Dandekar, A.M., 2017. Genetic mechanisms of the devious intruder Candidatus Liberibacter in 

citrus. Frontiers in plant science, 8, p.904. 

Monzó, C., Arevalo, H.A., Jones, M.M., Vanaclocha, P., Croxton, S.D., Qureshi, J.A. and Stansly, P.A., 2015. 

Sampling methods for detection and monitoring of the Asian citrus psyllid (Hemiptera: Psyllidae). 

Environmental Entomology, 44(3), pp.780-788. 

Rasowo, B.A., 2019. Assessment of incidence, severity and distribution patterns of citrus greening in Kenya and 

Tanzania; the role of African Citrus Triozid endosymbionts in disease epidemiology (Doctoral dissertation, 

Universität Bonn). 

Rwomushana, I., Khamis, F.M., Grout, T.G., Mohamed, S.A., Sétamou, M., Borgemeister, C., Heya, H.M., 

Tanga, C.M., Nderitu, P.W., Seguni, Z.S. and Materu, C.L., 2017. Detection of Diaphorina citri Kuwayama 

(Hemiptera: Liviidae) in Kenya and potential implication for the spread of Huanglongbing disease in East 

Africa. Biological Invasions, 19(10), pp.2777-2787. 

Saponari, M., De Bac, G., Breithaupt, J., Loconsole, G., Yokomi, R.K. and Catalano, L., 2010. First report of 

‘Candidatus Liberibacter asiaticus’ associated with Huanglongbing in sweet orange in Ethiopia. Plant 

disease, 94(4), pp.482-482. 

Schwarz, R.E., Knorr, L.C. and Prommintara, M., 1973. Presence of citrus greening and its psylla vector in 

Thailand. FAO Plant Prot. Bull, 21, pp.132-138. 

Sétamou, M., Flores, D., Victor French, J. and Hall, D.G., 2008. Dispersion patterns and sampling plans for 

Diaphorina citri (Hemiptera: Psyllidae) in citrus. Journal of Economic Entomology, 101(4), pp.1478-1487. 

Sétamou, M., Sanchez, A., Saldaña, RR., Patt, JM., Summy, R., 2014. Visual responses of adult Asian citrus 

psyllid (Hemiptera: Liviidae) to colored sticky traps on citrus trees. Journal of Insect Behaviors 27:540–553 

Shimwela, M.M., Narouei-Khandan, H.A., Halbert, S.E., Keremane, M.L., Minsavage, G.V., Timilsina, S., 

Massawe, D.P., Jones, J.B. and van Bruggen, A.H., 2016. First occurrence of Diaphorina citri in East Africa, 

characterization of the Ca. Liberibacter species causing huanglongbing (HLB) in Tanzania, and potential 

further spread of D. citri and HLB in Africa and Europe. European Journal of Plant Pathology, 146(2), 

pp.349-368. 

Stansly, P.A., Qureshi, J. and Arevalo, A., 2009. Why, when and how to monitor and manage Asian citrus 

psyllid. Citrus Ind, 90, pp.23-24. 

Tolba, I.H., Soliman, M.A., 2015. Citrus Huanglongbing (greening disease) in Egypt: symptoms documentation 

and pathogen detection. American-Eurasian Journal of Agriculture of Environmental Sciences 15, 2045–

2058. 

Vashisth, T., Kadyampakeni, D., 2020. Diagnosis and management of nutrient constraints in citrus. In: 

Srivastava, A.K., Hu, C. (Eds.), Fruit Crops: Diagnosis and Management of Nutrient Constraints. Elsevier, 

The Netherlands, pp. 723–737. 

Wang, N., 2020. A perspective of citrus Huanglongbing in the context of the Mediterranean Basin. Journal of 

Plant Pathology, 102(3), pp.635-640. 

Zhang, M.Q., Guo, Y., Powell, C.A., Doud, M.S., Yang, C.Y., Zhou, H. and Duan, Y.P., 2016. Zinc treatment 

increases the titre of ‘Candidatus Liberibacter asiaticus’ in huanglongbing‐affected citrus plants while 

affecting the bacterial microbiomes. Journal of Applied Microbiology, 120(6), pp.1616-1628. 

Zheng, Y., Kumar, N., Gonzalez, P. and Etxeberria, E., 2018. Strigolactones restore vegetative and reproductive 

developments in Huanglongbing (HLB) affected, greenhouse-grown citrus trees by modulating 

carbohydrate distribution. Scientia Horticulturae, 237, pp.89-95. 

 

Declaration of interest 

No conflict of interest for any authors 

 


