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Citrus HLB is an emerging disease transmitted by psyllid vectors.
Can it be prevented? If not, can it be managed?
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HLB (Huanglongbing) disease of citrus endangers the very existence of citrus worldwide. Prior to 2003, the disease was
widely distributed throughout Asia, Eastern Africa and the Arabian Peninsula (Bové, 2013). Two major Gram-negative
bacteria, Candidatus Liberibacter africanus (Laf) and Candidatus Liberibacter asiaticus (Las) are the causal agents of the
disease, respectively in Africa and Asia (Bové, 2006). Today Candidatus Liberibacter asiaticus has invaded South, North and
Central America. Brazil experienced HLB first in 2004, Florida in 2005, Cuba in 2006, Belize and Mexico in 2009/2010,
California, Texas, Guadalupe and Argentina in 2012. In Brazil two liberibacters cause the disease: Las and a third citrus
liberibacter species, Candidatus Liberibacter americanus (Lam). Two insect vectors are responsible for the fast spread of the
disease: the African citrus psyllid, Trioza erytreae, essentially in Africa, and the Asian citrus psyllid, Diaphorina citri, in Asia
and America (Fig. 1 and 2).

Figure 1
The two citrus psyllids, vectors of HLB
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Figure 2
The two HLB psyllid vectors and their nymphal instars

Trioza erytreae, the African psyllid vector of HLB.
Diaphorina citri, the Asian and American psyllid vector of HLB.

Trioza erytreae:
egg, 5 nymphal instars, adult.

Diaphorina citri.
egg, 5 nymphal instars, adult.

Heat tolerant

Two citrus growing regions are still free of the disease: (i) Australia, known for its excellent plant quarantine, but with HLB
present in nearby Timor and New Guinea islands, and (i) the Mediterranean region, but with the African citrus psyllid vector
largely present in the Atlantic islands of Madeira (Portugal) and Canarias (Spain). Unfortunately, this HLB vector has been
reported in November 2014, in the province of Pontevedra, Galicia, Spain, as well as in Portugal, South of Galicia. This is the
first time that an HLB vector has been reported from continental Europe. No other countries in the Mediterranean Basin
have announced the presence of HLB vectors. The occurrence of T. erytreae in two Mediterranean citrus growing countries
has to be taken seriously into consideration, since it has been observed that HLB shows up sooner or later once a vector has

become present (Table 1). It seems as if the period between presence of the vector and report of the disease has become
shorter in recent years.

Table 1
Year of first report of hib vector (D. citri or T. erytreae) and year of first report of HLB disease for various countries (Bové,
2013)
Country D. citri HLB Country T.erytreae HLB
Brasil 1942 2004 South Africa 1897 1928
Argentina 1984 2012 Kenya 1918 1981
Florida 1998 2005 Ethiopia 1918 1976 ?
Cuba 1998 2006 Swaziland 1958 1965
Guadalupe 1998 2012 Rwanda/Burundi 1958 1988
Texas 2001 2012 Madagascar 1961 1968
Zimbabue 1962 1981
Tanzania 1967 1984
Malawi 1967 1988
Camerun 1967 1988
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Can HLB be prevented in such countries as Spain and Portugal where an HLB vector has just been reported? If not, can HLB
be controlled? These questions were already addressed by a discussion group held during the CIHEAM course in Zaragoza
from March 31 to April 5, 2015 on “Emerging and Quarantine Diseases of Mediterranean Fruit and Vegetable Crops”
(Duran-Vila et al., 2014). Also, an extensive workshop on HLB control was held in Valencia, Spain, in the frame of the XII
International Citrus Congress, November 18th to 23rd, 2012 (Bové & Rogers, 2015).

The situation in the affected Portugal /Spain area

It should be pointed out first that the presence of T. erytreae in Spain and Portugal does not represent a double insect-
vector focus but a single one, overlapping the northern border between the two countries (M. Cambra & M.M. Ldpez,
personal communication). The psyllid vector was essentially diagnosed by the conspicuous and specific bumps on the upper
side of the leaves resulting from the development of T. erytreae nymphs on the lower side of the leaves (Fig. 3, 4 and 5).

Figure 3
Trioza erytreae nymphs develop in concave nests on the lower leaf side
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Figure 4
Nymphal nests on the lower leaf side, and corresponding bumps on the upper leaf side
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Figure 5
Citrus leaves severely distorted by nymphal bumps and some normal leaves

Such bumps are characteristic of T. erytreae and they are never observed in the case of the Asian psyllid vector, D. citri. As
shown by figures 4 and 5, the bumps can be so numerous and distort the leaves so much that T. erytreae is not only a
vector but also a pest. The “bump” symptoms were observed on the many lemon trees, commonly grown as backyard
trees, knowing that there are no commercial citrus orchards in the area. Several factors explain the occurrence and the
abundant development of T. erytreae in the area: (i) the African psyllid is known to be heat sensitive and requires, for
development, relatively cool environments such as those of the contaminated area where summers are not too hot and
winters not too cold; (ii) lemon is a preferred citrus species for the psyllid development; (iii) in the backyards, the lemon
trees are rarely if ever, treated with insecticides.

HLB prevention?

First, progression of the psyllid further South, towards the citrus growing areas of Spain and Portugal must be prevented.
Second, in the affected area, i.e. where T. erytreae is present, the entrance of HLB has to be prevented. As these
preventions involve both Spain and Portugal, there must, by all means, be coordination between the two countries.
Lowering the psyllid population in the affected area would limit both the southward movement of the insect as well as the
spread of HLB in the affected area in case the disease has already been or will be imported. Cutting down all the lemon
trees indispensible for psyllid multiplication or giving them insecticide treatments would undoubtedly lower the insect
population but these solutions will probably never be accepted and carried out. Biological control with psyllid ectoparasites
such as Tamarixia dryi against T. erytreae will lower the insect-vector population but not sufficiently to prevent the spread
of HLB. In Reunion island, T. dryi was able to parasitize not only T. erytreae but an additional psyllid, Trioza eastopi,
breeding on a non-citrus weed, Litsea chinensis, common in the Reunion citrus orchards. Thus, the population of T. dryi
strongly increased, resulting in the disappearance of T. erytreae, which however alone, without T. eastopi, would not have
been eliminated. In South Africa, T. dryi occurs naturally but it does not prevent the spread of HLB by T. erytreae.
Therefore, if biological control is used, it will do no harm, but it will not be of great help. In any case, regular surveys for the
putative presence of T. erytreae must be conducted South of the affected area. In both the affected area and the area
South of it, regular inspections for putative HLB symptoms have to be carried out: blotchy mottle leaf symptoms (Fig. 6 and
7) as well as HLB colour inversion fruit symptoms (Fig. 8). HLB symptoms must be confirmed by PCR detection of citrus
liberibacters. The possible infection of T. erytreae with liberibacters should also be regularly examined by PCR.
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Figure 6
Leaf symptoms of South-African HLB-blotchy mottle on sweet orange

Blotchy mottle in
South Africa

Figure 7
Leaf symptoms of South-African HLB-blotchy mottle on lemon

BLOTCHY MOTTLE on LEMON leaves,
Nelspruit, South Africa.
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HLB eradication?

In case HLB prevention fails and evidence for presence of the disease is obtained by symptom observation and PCR
detection of liberibacters, HLB eradication must be immediately started. The earlier HLB is detected after it enters the
affected area and the earlier HLB eradication is started, less difficult the eradication will be. In the T. erytreae-affected area
of Spain/Portugal, the trees endangered to become affected by HLB are backyard trees and such trees when showing HLB-
symptoms should be immediately cut down and removed. In addition, symptomless trees in the vicinity of symptomatic
trees must be tested by sensitive techniques such as real time PCR (rt-PCR), for detection of liberibacters and removed if
testing positive. Psyllid samples, in and around the symptomatic trees and the liberibacter-positive trees, should be tested
for liberibacters by rt-PCR. In this way, the extend of the liberibacter-infected focus can be determined. Also, it is possible
that symptomless trees in the infected focus are already infected, but do not show symptoms as yet, since there is a
latency period between the time the tree is infected by the psyllids and the time the tree shows symptoms. The latency
period is variable. Some trees have a short latency period (~ 6 months), other trees have a long latency period (~ 18
months). Probably several infected foci will be found. Within the area comprising the various foci, all citrus trees should
receive drastic insecticide treatments to decrease the psyllid population. The insecticide can be applied by spraying on the
canopy or, better for ecological reasons, by trunk applications (Fig. 8).

Figure 8
Fruit symptoms of HLB: colour inversion on sweet orange

On normal fruit, On HLB-affected fruit,
coloration starts at coloration starts at
stylar end pedoncular end
(“Color inversion™)

In case eradication of the above foci does not succeed, HLB will probably spread and reach commercial citrus areas. HLB
management can now be attempted.

HLB Management?

In S3o Paulo State, where HLB management has been successful, HLB symptoms were (observed in March 2004 in
commercial orchards, PCR evidence for Liberibacters became available in May 2004 and HLB eradication started in July
2004. The management system applied comprises three essential measures (three-pronged system, TPS): (i) insecticide
treatments of all trees in the farm several times per year to drastically decrease the population of psyllid vectors; (ii)
inspections of all trees in the farm several times per year to identify symptomatic trees and their removal within a week;
(iii) replacement of removed trees by healthy trees grown in covered, insect-free nurseries. Over the years, experience in
HLB management was gained and factors were identified which made management easier and successful or more difficult
(Belasque et al., 2010). These factors are summarized in Table 2.
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Table 2

Factors which made it easier or more difficult to achieve HLB control in Sdo Paulo State

FACTORS EASIER MORE DIFFICULT
Size of farm Large: > 400 ha Small: <400 ha
Shape of farm Square Elongated rectangle
Age of trees Mature trees Young trees
Farm in region of low or high HLB-incidence Low: < 2% High: > 15%
Presence of farms with no HLB management * | Far away Close-by
% of HLB-trees in the farms at 1% inspection Low: < 1% High: > 10%
Time of 1% inspection after farm was infected Soon after infection Long after infection
Number of HLB-inspections with platforms 12 per year 4 per year
Number of insecticide treatments 24 per year 6 per year
Higher tree density at farm-borders Yes No
Extra insecticide treatments at farm-borders Yes No
QUALITY OF CONTROL EXCELLENT POOR
* See Figure 9
Figure 9

Border effect (rectangle): Psyllids tend to accumulate on the borders of groves. More trees become infected and
more HLB trees are removed on the borders. Hence: Psyllid treatments should be more frequent on the borders
than inside the grove. The less borders, the better. Sao Paulo State, Brazil
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Several of the factors that make HLB-management by the TPS successful in Brazil, are not met by most of the citrus farms
in the Mediterranean area, including those of Spain and Portugal. In particular, in the Iberian Peninsula, by comparison with
Brazil, farms are very small and show all types of shapes. Therefore, it is to be feared that HLB management by the TPS
system will not be successful, unless citrus health management areas (CHMAs) are formed. In a CHMA, several adjacent
citrus farms totalling about 500 ha are handled as individual blocks of a large farm and managed concomitantly. In a given
region, as many CHMAs as possible should be organized. No CHMAs should contain abandoned farms or farms without HLB
management. In Florida, CHMAs have carried out insecticide control of psyllids, but without removal of symptomatic trees.
Such CHMAs have been unsuccessful in HLB control because both psyllid control by insecticides and symptomatic tree
removal are indispensible to achieve HLB control.

Figure 10
Sprayer for trunk application of insecticides
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In Florida also, foliar sprays and insecticide treatments for psyllid control have been used to “live” with HLB. The foliar
sprays contain micronutrients as well as potassium nitrate, phosphite and/or salicylic acid. The percentage of HLB-infected
trees in orchards receiving these sprays is very high if not 100%. In Brazil, none of these nutrient-sprays (8 different
treatments) has had beneficial effects on the yields of normal trees or HLB-affected trees; for all treatments, after one, two
or three years of treatment, the yield of HLB-affected trees was reduced, respectively by 15, 43 and 62% in comparison
with the yield of healthy trees, and the HLB severity of the affected trees increased from 15% to more than 50% during the
three years. In the three plots with heavy insecticide control of the psyllids, the percentage of HLB affected trees increased
from 2% to 10% and in the plot without psyllid control, from 2% to 23%.

If, in the Iberian Peninsula, HLB management fails; the survival of the citrus industry will entirely rely on the development
of cultivars (i) resistant to the HLB liberibacters, (ii) repelling the psyllids, or (iii) lethal to the psyllids. These cultivars have to
be obtained by genetic modification because so far no useful, natural resistance has been found within the Rutaceae. As of
2015, no such cultivars are available for commercial use.
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Conclusion

In conclusion, at this moment the African citrus psyllid, Trioza erytreae, present in the Iberian Peninsula (Spain and
Portugal), as a single focus, has not yet invaded the citrus growing regions. Also, HLB itself is not yet present. As seen
above, HLB management is not easy and the structure of the Mediterranean citrus industry is not favorable to an easy
management. Therefore all efforts should be made to keep the disease out and, if it gets in, to have it eradicated.
Nevertheless, the possibility of its entering the citrus growing regions must be envisaged. Without further waiting, the
feasibility of CHMAs has to be evaluated and the Iberian citrus regions should be subdivided into a number of putative
CHMASs, so as to be ready in case of HLB. Also, it is essential, eventually by law, that all citrus nurseries become covered
and insect-free so as to be protected against insect vectors and capable of producing healthy plants. Finally, solutions based
on genetically modified cultivars must become the subject of research and development in the frame of a coordinated
action involving all citrus growing countries of the Mediterranean basin.
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