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ABSTRACT

The Asian citrus psyllid (ACP) Diaphorina citri, vector of ‘Candidatus
Liberibacter asiaticus’ (CLas), the putative causal agent of citrus Huanglongb-
ing (HLB), is controlled by application of insecticides, which, although
effective, has resulted in serious biological imbalances. New management
tools are needed, and the technique known as “trap crop” has been at-
tracting attention. A potential plant for use as a trap crop in the manage-
ment of the ACP is Murraya koenigii (curry leaf). However, for this plant
to be used in the field, it needs to be attractive for the vector and must not
harbor CLas. To verify the potential of curry leaf as trap crop for the
management of HLB, we investigated the ability of D. citri to transmit CLas

to M. koenigii, and to other test plants, including M. paniculata (orange
jasmine) and cultivar Valencia sweet-orange seedlings. For the tests, the
insects were reared on a symptomatic CLas-infected plant and allowed to
feed on the three test plant species. The overall maximum transmission
rate for the citrus seedlings was 83.3%, and for orange jasmine was
33.3%. Successful transmission of CLas by ACP to the curry-leaf seedlings
was not observed, and it was treated as immune to CLas. Supported by the
previous results that M. koenigii is attractive for ACP, these results indicate
that curry leaf is an excellent candidate for use as a trap crop, to improve
the management of the insect vector and consequently of HLB.

Huanglongbing (HLB) disease is considered to be the most
serious biological problem affecting citrus (Bové 2006; Gottwald
2010). HLB is associated with a Gram-negative o.-proteobacterium
that is restricted to phloem and not culturable, the bacteria
‘Candidatus Liberibacter’ spp. (Bové 2006; Jagoueix et al. 1994,
Gottwald 2010). Among the proteobacteria, ‘Candidatus Liberi-
bacter asiaticus’ (CLas) is the predominant species and has caused
enormous economic losses around the world, making citrus grow-
ing unfeasible in many countries (Bové 2006; Gottwald 2010). In
Asia and the Americas, the bacterium is transmitted by the Asian
citrus psyllid, Diaphorina citri Kuwayama (Hemiptera: Liviidae)
(Bové 2006; Gottwald 2010; Wang and Trivedi 2013).

In view of the lack of a cure for HLB (Bové 2006), palliative and
preventive measures are employed for its management, including
control of the insect vector and eradication of symptomatic plants,
as well as the use of healthy seedlings for new plantations (Belasque
and Bassanezi 2010; Hall et al. 2013).

However, management of HLB using exclusively insecticides to
minimize the psyllid population is economically and environmen-
tally unsustainable for the citrus industry (Kruse et al. 2017).
Insecticides, as currently used, are not sufficient to prevent the
spread of CLas (Kruse et al. 2017), requiring frequent spraying on
the citrus plants and altering the balance between pests and their
natural enemies, causing secondary pest outbreaks, pest resurgence
and selection of resistant populations (Guedes and Cutler 2013;
Tiwari et al. 2011; Yamamoto and Bassanezi 2003; Yamamoto et al.
2014). Therefore, new management tactics must be developed in
order to reduce the damage and losses caused by the disease.
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The cultural/behavioral control tactic known as a trap crop has
attracted attention (Yan et al. 2015). A trap crop can be defined as
“plants grown to attract insects or other organisms to protect the
major crops from pest attacks, preventing pests from attacking
the crop or concentrating them in a certain part of the field where
they can be economically destroyed” (Shelton and Badenes-Perez
2006).

A species for potential use as a trap crop to manage D. citri is the
curry leaf (Murraya koenigii L.). This plant, besides being a good
host for the insect (Teck et al. 2011; Westbrook et al. 2011), in trials
under controlled conditions proved to be more attractive to the
vector than the citrus plants (Beloti et al. 2017). Damsteegt et al.
(2010) were not able to determine whether curry leaf could be a host
of CLas, suggesting the need for more-detailed experiments before
M. koenigii could be recommended as a trap crop in the field to
improve the management of HLB.

This study evaluated whether curry leafis a host of the bacterium
CLas, comparing it with orange jasmine (Murraya paniculata) and
with citrus (Citrus sinensis), in inoculation tests performed with the
insect vector D. citri.

MATERIALS AND METHODS

Insects and plants. D. citri were reared in cages (45 x 45 x
50 cm) containing orange-jasmine plants (M. paniculata), consid-
ered to be one of the most suitable host species for this insect’s
development (Alves et al. 2014; Nava et al. 2007). The rearing
colony was maintained in a climate-controlled room (25 +2°C, 60 +
10% RH, and 14 h light/10 h dark photoperiod), following a method
proposed by Parra et al. (2016). The insects were frequently sub-
mitted to qPCR (real-time quantitative PCR) tests to confirm that
no specimens in the colony were infected with CLas.

HLB-symptomatic orange plants (Citrus sinensis (L.) Osbeck
‘Péra’) grafted on cultivar Rangpur lime (C. limonia Osbeck), at 1 to
2 years of age were used in the bioassays as source plants of CLas.
The presence of the bacterium in these plants and specifically in the
branches where the insects were confined was confirmed by qPCR
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before the acquisition access period (AAP) by the psyllid D. citri.
These plants were kept under greenhouse conditions favorable for
the development of the bacterium, due to their natural intolerance
of high temperatures (Lopes et al. 2009, 2017).

The test plants used in the experiment were curry leaf (Murraya
koenigii), orange jasmine (M. paniculata), and sweet orange
(C. sinensis ‘Valencia’) grafted on citrumelo Swingle (C. paradise
Mact. x Poncirus trifoliata L. (Raf.)). The age of experimental plants
was approximately 8 months old, and were kept in a greenhouse
and previously submitted to qPCR tests to confirm that they were
free of the bacterium CLas.

Transmission of CLas by D. citri to the test plants. Adults
of D. citri from the rearing colony and free of CLas were confined
for seven days in mesh bags on branches of the CLas-source plants
containing new shoots 10 to 15 mm long, for oviposition. After this
period, the adult psyllids were removed and discarded, and the eggs
left on the source plants to allow the nymphs to hatch and develop to
the adult phase, when the AAP was fulfilled. This strategy has
resulted in the greatest success in CLas acquisition and transmission
by D. citri under controlled conditions (Inoue et al. 2009; Pelz-
Stelinski et al. 2010), as well as providing the necessary latency
period (Canale et al. 2017).

After the insects emerged, groups of approximately 10 individuals
were transferred with an aspirator to branches containing new shoots
on curry leaf, orange jasmine and citrus test plants for a 10-day
inoculation access period (IAP). Both the acquisition and the in-
oculation were conducted in a climate-controlled room at 25 +
2°C and 14 h light/10 h dark photoperiod.

After the IAP, the insects used in the bioassay were removed from
the plants, killed by freezing, stored in 2.0-ml Eppendorf tubes
containing 70% ethanol, stored in a freezer at —20°C and tested
individually for the presence of CLas, through qPCR.

The test plants were kept in a greenhouse for 24 months. They
were analyzed approximately every 6 months for the presence of
CLas, through qPCR. The transmission rate was estimated as the
number of qPCR-positive plants divided by the total number of
plants tested.

The experiment was repeated in three different periods:
experiment 1, beginning of spring (September 2014); experiment
2, end of summer (March 2015); and experiment 3, end of spring
(November 2015). In experiment 1, a total of 10 plants were used
for each treatment. In the second experiment, 6 citrus, 10 orange-
jasmine, and 10 curry-leaf plants were used. In the third experiment,
12 citrus, 12 orange-jasmine, and 14 curry-leaf plants were used.

DNA extraction from insects and plants. DNA was extracted
from the psyllids individually, according to the method described by
Coletta-Filho et al. (2014). Each insect was macerated using the
TissueLyser II system (Qiagen, Valencia, CA) at 25 Hz for 60 s in
a 2.0-ml microtube containing 100 pl of STE buffer (10 mM Tris-
HCI, 1 mM EDTA, and 25 mM NaCl) and two 3-mm beads. After
addition of 15 pl of Proteinase K (200 pg/ml), the samples were
incubated at 56°C for 30 min. Total DNA was purified using the
Wizard Genomic DNA Purification Kit (Promega Corporation,
Madison, WI), following the manufacturer’s instructions. The final
pellet was eluted in a final volume of 50 pl of elution buffer (10 mM
Tris, 1 mM EDTA, and 20 ug~! RNAse) and stored at —20°C prior to
the qPCR tests.

Total DNA from the plants was extracted using the cetyltrime-
thylammonium bromide (CTAB) method adapted from Murray and
Thompson (1980). Leaves of branches where the insects fed were
collected, and the petiole and vein were used for DNA extraction.
Briefly, the petiole and central vein were cut into small pieces with a
scalpel and 200 mg of tissue was used for DNA extraction. For the
samples of C. sinensis and M. paniculata, the plant tissues were
activated in 2 ml plastic tubes containing 5-mm beads and 625 pl of
buffer 1 (100 mM Tris [pH 8.0], 50 mM EDTA, and 500 mM NacCl).
The plant tissue was disrupted using a TissueLyser II system
homogenizer at 30 Hz for 120 s; then, 725 ul of buffer 2 (5% CTAB,
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10% Sarcosyl and 10 mM B-mercaptoethanol) was added to the
tube. This was held at 65°C for 30 min and then centrifuged for
5 min at 3,500 rpm. The supernatant was transferred to anew 1.5-ml
microtube, followed by extraction with chloroform/isoamyl alcohol
24:1 and precipitation with isopropanol, and the total DNA was
suspended in 400 pl of 1/10TE + RNase. Tissues of M. koenigii were
triturated in 2 ml-plastic tubes previously cooled with liquid N to
minimize oxidation, following by the addiction of buffers 1 and 2
together in the plastic tube, after which the DNA extraction was
started as above describe.

qPCR. The presence of CLas in the plant and psyllid samples
was determined by qPCR, using primers and probe developed by
Lin et al. (2010), with the probe label with FAM/Iowa Black FQ
(IDT Inc., Coralville, IA). All amplifications were performed in
duplicate, using the ABI 7500 Fast thermal cycler (Life Technology
Corporation, Carlsbad, CA) using the default for the cycling
conditions (2 min at 50°C and 10 min at 95°C followed by 40 cycles
of amplification of 15 s at 95°C and 1 min at 60°C). The ampli-
fications were conducted in a total volume of 13 pl containing
3 ul of total DNA (=150 ng), 10 uM of each primer, 5 uM of the
probe and 2.6 pl of 5x HOT FIREPol Probe qPCR Mix Plus (ROX)
(Solis Biodyne, Tartu, Estonia). The PCR efficiency was monitored
by using, in all runs, three different known amounts of cloned
plasmids containing the extended CLas elongation factor insert, as
well as DNA samples from tissue known to be CLas-infected. As the
negative control, tissues of healthy plants were used, and Milli-Q
autoclaved water as the mock sample. Only samples with C values
lower than 36.0 were considered positive for the presence of CLas
(Ammar et al. 2011; Canale et al. 2017; Coletta-Filho et al. 2014;
Hilf 2011).

RESULTS

Source plants. The experiments were repeated in three differ-
ent periods, using the same methods in each period. The branches
used for the acquisition of CLas by the vector D. citri were just be-
ginning to develop, and therefore without leaves showing symp-
toms of HLB, but CLas positive. In the first experiment, eight
CLas-positive source plants were used, and the branches used in
the acquisition of the bacterium by the psyllids showed Ct values
between 20.66 and 25.89 (mean 22.43 + 0.61) (Table 1).

In the second and third experiments, 14 other CLas-positive
source plants were used, and all the branches used to feed the vector
for bacterial acquisition were infected, with Cr values ranging from
18.08 to 31.73 (mean 21.89 + 1.05) (Table 1).

Infectivity rate of the psyllids after the AAP. The percent-
age of psyllids that acquired CLas from the source plants varied
significantly among the experiments, ranging from 20.2 to 69.0%.
The concentration of CLas in these positive insects was also var-
iable. Although these indices were variable, which is inherent to
the biology of the system under study, the great majority of the test
plants of all three species and in all three experiments contained
CLas-positive insects (Table 2). A total of 25 of the 28 citrus test
plants in the three experiments contained at least one positive insect.
These numbers were even higher for the test plants orange jasmine
(31 of 32 plants) and curry leaf (33 of 34), thus providing a large
number of plants that received CLas-infected psyllids.

CLas transmission to test plants after the IAP. Asnotedin
the acquisition, the efficiency of CLas transmission to the same test-
plant species (C. sinensis and M. paniculata) varied among the
experiments; the third experiment showed the lowest efficiency of
transmission. In general, citrus was much more susceptible to CLas
infection (maximum efficiency of 83.3%) compared with orange
jasmine, with a maximum efficiency of only 33.3% (Tables 3 and 4).
In all three experiments, D. citri was not able to transmit CLas
to M. koenigii, in a total of 34 challenged plants, showing that
M. koenigii is immune to CLas (Van der Waerden One-Way, x2 =
14.03, P < 0.005). For the susceptible hosts, there was a direct



relationship between the number of positive plants and the length of
the incubation period. For C. sinensis the significance fit of the
equation (R? = 0.6239; y = 2.1276x + 6.8112) was much more
significant than for M. paniculata (R? = 0.3718; y = -3.352x2 +
11.903x + 7.4796). The trend was the same for the CLas concen-
tration and the incubation period for these species, although the Ct
values obtained for CLas in C. sinensis in experiment 1 remained
constant throughout the 24 months of evaluation. Comparison of the
transmission rate and the CLas concentration (inferred by the Cr
values) showed the greater susceptibility of C. sinensis compared
with M. paniculata. Overall results from three experiments showed
the highest Ct values (low CLas concentration) for the orange
jasmine plants which were significantly different of obtained from
citrus, with exception for the results from experiment 1 at 18 and
24 months (Tables 3, 4, and 5).

In addition to the high transmission rate of the bacterium to citrus
plants, 13 of the 28 CLas-positive plants showed characteristic HLB
symptoms; seven of these were obtained in the first experiment,
five in the second, and only one plant with symptoms was obtained
in the third experiment (Supplementary Fig. S1). These symptoms,
most predominantly asymmetric mottling, began to appear within
10 months after the end of the TAP. However, unlike the citrus plants,
no orange jasmine expressed symptoms that could be associated
with the disease.

TABLE 1. Cycle threshold (Ct) values obtained from leaves collected from
branches of the source plants of ‘Candidatus Liberibacter asiaticus’ (CLas)
used in the bioassays

Cr value

Source plants Experiment 1 Experiments 2 and 32

1 22.56 22.66
2 22.56 21.62
3 25.89 18.95
4 20.66 19.02
5 24.35 21.68
6 20.92 18.75
7 21.45 18.26
8 21.01 18.24
9 - 27.30
10 - 26.68
11 - 31.73
12 - 21.96
13 - 18.08
14 - 21.58
Mean 2243 £ 0.61 21.89 = 1.05

2 In experiments 2 and 3, the same 14 branches were used for CLas acquisition.

As for the citrus plants, the infection rate of the orange-jasmine
plants from the third experiment was low, only 8.3% qPCR-positive
(Table 4).

DISCUSSION

As previously reported, the probability of CLas acquisition by
nymphs reared on CLas-infected plants is higher than for speci-
mens that feed on infected plants only during adulthood (Ammar
et al. 2016; Pelz-Stelinski et al. 2010). Moreover, as observed in
several studies, when the bacterium is acquired in the nymphal
stage of the vector, the emerged adults are much more efficient in
transmitting CLas to the host plants, having already elapsed the
latency period (Ammar et al. 2016; Canale et al. 2017; Grafton-
Cardwell et al. 2013; Inoue et al. 2009; Pelz-Stelinski et al. 2010;
Xu et al. 1988). In order to obtain the maximum efficiency of CLas
acquisition by the vector, as well as the transmission of the pathogen
to the test plants, the entire development cycle (egg-adult) of D. citri
used in the present experiments was carried out on CLas-infected
citrus plants (CLas-source plants). From these, shortly after
emerging to the adult stage, the psyllids were transferred to test
plants in order to transmit CLas.

In addition, we used source plants with new shoots, which are
preferred by nymphs and adults (Sétamou and Bartels 2015). In
spite of this attempt to normalize the experimental conditions, the
variations observed among experiments 1, 2, and 3 may be due to
the different periods in which the experiments were carried out,
mainly regarding temperature variations (Lopes et al. 2017), as well
as the physiology and the concentrations of CLas in the source
plants (Table 1). The concentration of the bacterium is directly
related to the efficiency of its acquisition (Coletta-Filho et al.
2014), and therefore high temperatures contribute to the decrease
of the bacterial titer in the plant as well as to the efficiency of
acquisition and transmission (Lopes et al. 2013). Although there
were variations among the experiments, the efficiency of CLas
acquisition ranged between 20 and 70% (Table 2), within the range
reported in the literature when the pathogen was acquired during
the nymphal phase of the vector (Ammar et al. 2016; Inoue et al.
2009; Pelz-Stelinski et al. 2010). Another factor affecting the dif-
ferences in acquisition efficiency between these experiments pre-
sented here and those previously published, are the different
populations of D. citri present in Brazil and in the United States
(Boykin et al. 2012).

CLas transmission rates over 80% were obtained when sweet-
orange seedlings were used as test plants (Table 3), and a total of 13

TABLE 2. Adults of Diaphorina citri infected with the bacterium ‘Candidatus Liberibacter asiaticus’ (CLas) after the acquisition access period, and total number

of test plants that received populations of infective psyllids

Plants with D. citri

Test plants Experiments® gPCR+/total® CLas gPCR+ (%)°© Cycle threshold variation gPCR+/totald
Citrus 1 20/99 20.2 25.93-3591 9/10
2 18/51 353 20.85-34.06 6/6
3 52/118 44.1 18.31-35.43 10/12
Overall 90/268 25/28
Mean 33.19 £ 5.69 21.70 (+1.83)-35.13 (+0.45)
Orange jasmine 1 35/93 37.7 23.99-35.85 9/10
2 58/84 69.0 18.16-34.25 10/10
3 65/114 57.0 17.68-35.16 12/12
Overall 158/291 31/32
Mean 54.57 + 7.47 19.94 (x1.66)-35.09 (+0.38)
Curry 1 33/98 33.7 22.82-35.43 10/10
2 26/74 35.1 20.20-33.94 10/10
3 95/141 67.4 18.83-35.68 13/14
Overall 154/313 33/34
Mean 45.39 + 8.98 20.62 (+0.96)-35.02 (0.44)

2 Three experiments conducted independently at three different times (described in Materials and Methods).
> Number of D. citri adults qPCR-positive for CLas in relation to the total number tested.

¢ Percentage of D. citri adults qPCR+ for CLas.

d Total plants that received D. citri PCR+ in relation to the total plants used in the experiment.
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plants with the characteristic HLB mottling symptoms (Bové
2006) were also present. Transmission rates were much lower for
orange jasmine, M. paniculata (<33.3%) (Table 4), and transmission
did not occur in any of the experiments when M. koenigii (curry leaf)
test plants were used (Table 6). In contrast to sweet-orange plants,
no HLB-associated symptoms were observed in any orange-
jasmine plants, nor, obviously, in the curry-leaf plants. In addition
to the citrus plants, ornamental species of Rutaceae such as
M. paniculata and M. koenigii are excellent hosts for D. citri (Alves
et al. 2014; Aubert 1987; Teck et al. 2011; Westbrook et al. 2011).
Given the wide use of these species as ornamental plants, often next
to commercial citrus plantations (Halbert and Manjunath 2004;
Hung et al. 2000; Sétamou et al. 2016), the role of these plants as
potential hosts or reservoirs of the HLB pathogen (Damsteegt
et al. 2010; Hung et al. 2000) and their role in the epidemiology of
HLB (Chakraborty et al. 1976; Halbert and Manjunath 2004) have
attracted attention.

In agreement with the results of previous studies, although
M. paniculata is an alternative reservoir for CLas (Table 4), in
general the concentration of this bacterium in infected plants was
significantly lower compared with that in citrus (Table 5) (Damsteegt
et al. 2010; Lopes et al. 2010; Walter et al. 2012). Similarly, the
symptoms in M. paniculata infected with CLas were not clearly
observed in the present experiments, and in previous reported studies
(Damsteegt et al. 2010; Hung et al. 2000; Koizumi et al. 1996; Lopes
et al. 2010). However, CLas transmission from M. paniculata to
C. sinensis through D. citri (Damsteegt et al. 2010) and from Cuscuta
sp. (Zhou et al. 2007) was successful, indicating that orange jasmine
can serve as an active reservoir for CLas.

In contrast to C. sinensis and M. paniculata, which harbor both
the vector (D. citri) and the pathogen (CLas), M. koenigii (curry
leaf) proved to be immune to the CLas bacterium in all three exper-
iments (Table 6). These results concord with previous observations

TABLE 3. Transmission of the bacterium ‘Candidatus Liberibacter asiaticus’
(CLas) by the psyllid Diaphorina citri for citrus seedlings (Citrus sinensis), in
the three experiments and over time (MAI = months after inoculation)

Experiment MAI qPCR+/total* CLas (%)® Cycle threshold variation

1 10 4/10 40.0 30.58-32.06
18 4/10 40.0 30.59-32.06
24 8/10 80.0 30.33-34.44
2 5 1/6 16.7 31.52
12 3/6 50.0 16.49-18.54
18 5/6 83.3 17.01-30.73
3 6 1/12 83 19.29
12 1/12 8.3 18.21
18 2/12 16.7 15.56-33.23

of an absence of symptoms in curry-leaf plants visited by highly
infective psyllid populations (Hung et al. 2000; Koizumi et al.
1996), and also the absence of a PCR-positive diagnosis for CLas
(Damsteegt et al. 2010; Ramadugu et al. 2016). Killiny (2016)
suggested that the nondevelopment of the CLas bacterium in curry-
leaf plants might be explained by the lower amounts of amino acids,
organic acids, sugars and total metabolites in the phloem sap of
curry leaf than in orange jasmine and citrus plants, and the larger
amount of tartaric acid, which may be a limiting factor for the
growth of CLas.

Another explanation is that the curry leaf contains many com-
pounds with antimicrobial and antifungal activity, such as murraya-
nine, girinimbine, and mahanimbine, and these compounds may limit
the development of the bacterium in this plant (Jain et al. 2012).
Supporting this hypothesis, Albrecht and Bowman (2012) proposed
that the tolerance of Poncirus trifoliata (L.) to HLB might be due to
the antimicrobial compounds present in this rootstock.

Similarly to curry leaf, other plant species appear to be com-
pletely immune to ‘Ca. Liberibacter’ sp., despite serving as hosts
for psyllids. For example, sweet potato plants (Ipomoea batatas)
serving as host for several months for a population of the potato
psyllid Bactericera cockerelli (Hemiptera: Psyllidae) infected with
the bacterium ‘Ca. L. solanacearum’ did not become infective
(Sengoda et al. 2013). This may result from either a rapid and
effective defense response of the plant, or the lack of some specific
interaction or compound required by the bacteria, or a combination
of both.

Even though curry leaf is not a host of the CLas bacterium,
this plant is a good host for the insect vector (Teck et al. 2011;
Westbrook et al. 2011) and is preferred by D. citri over citrus plants

TABLE 5. Comparison of cycle threshold (Cr) values for ‘Candidatus Lib-
eribacter asiaticus’ in citrus (Citrus sinensis) and orange jasmine plants (Murraya
paniculata), in the three experiments

Experiments/hosts Months after inoculation
Experiment 1 10 18 24
Citrus 31.06 (0.25)* 31.88 (0.34) 31.72 (0.58)
Orange jasmine 34.10 (0.01) 31.60 (0.88) 28.02 (0.37)
t test 0.0002 0.3548 0.0081
Experiment 2 5 12 18
Citrus 31.52 (0.25) 23.63 (2.20) 22.68 (2.09)
Orange jasmine 40 (0.00)® 40 (0.00) 32.29 (0.45)
t test 0.0001 0.0001 0.001
Experiment 3 6 12 18
Citrus 19.29 (0.33) 18.32 (0.02) 24.40 (5.01)
Orange jasmine 32.25 (0.51) 31.06 (1.00) 30.07 (0.89)
t test 0.0001 0.0001 0.0001

2 Number of qPCR-positive plants for CLas in relation to the total number
tested.
b Percentage of plants with the bacterium.

TABLE 4. Transmission of the bacterium ‘Candidatus Liberibacter asiaticus’
(CLas) by the psyllid Diaphorina citri to orange-jasmine plants (Murraya
paniculata), in the three experiments and over time (MAI = months after
inoculation)

2 Number in brackets is the standard error among the Ct values obtained for
the plants.

b The number 40 was used for the undetermined result of qPCR, which means
no bacteria amplification.

TABLE 6. Transmission of the bacterium ‘Candidatus Liberibacter asiaticus’
(CLas) by the psyllid Diaphorina citri to curry-leaf plants (Murraya koenigii),
in the three experiments and over time (MAI = months after inoculation)

Experiment MAI qPCR+/total* CLas (%)® Cycle threshold variation Experiment MAI qPCR+/total* CLas (%) Cr variation
1 10 177 143 34.10 1 10 0/10 0 -
18 2/6 333 30.51-32.67 18 0/10 0 -
24 2/6 333 26.74-29.30 24 0/10 0 -
2 5 0/9 0.0 - 2 5 0/10 0 -
12 0/9 0.0 - 12 0/10 0 -
18 3/9 333 31.57-33.61 18 0/10 0 -
3 [§ 3/12 25.0 30.78-33.41 3 6 0/14 0 -
12 2/12 16.6 29.32-32.78 12 0/14 0 -
18 2/12 16.6 28.54-31.59 18 0/14 0 -

2 Number of qPCR-positive plants for CLas in relation to the total number
tested.
b Percentage of plants with the bacterium.
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2 Number of qPCR-positive plants for CLas in relation to the total number
tested.
b Percentage of plants with the bacterium.



in olfactometer and free-choice tests (Beloti et al. 2017). These
characteristics make M. koenigii an excellent candidate plant for
use as a trap crop in commercial citrus orchards. Studies are in
progress to determine the curative potential of M. koenigii for
CLas in previously infected psyllids, opening prospects for the use
of this plant as an antagonistic tool for CLas.
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