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Abstract
Huanglongbing (HLB) disease is the most serious threat to citrus production in Indonesia. Commonly, the
planted rootstocks/scion varieties expressed severely damaged to HLB. This research aimed to study effects of
six citrus rootstock/scion combination of varieties on intensity of HLB disease, presence of Candidatus
Liberibacter asiaticus (CLas), and growth of the seedlings. The grafting combination of three rootstock varieties:
Japansche citroen (Citrus limonia Osbeck), Volkamer lemon (C. volkameriana V. Ten & Pasq), ‘Salam’ (local
name), and two scions varieties: ‘Siem Pontianak’ (C. nobilis Lour) and ‘Keprok Tejakula’. ‘Keprok Tejakula’ (C.
reticulata Blanco) were used for examination the effect rootstock/scion combination to HLB. Based on symptoms,
the onset of disease intensity was observed in eight months after CLas inoculation, except on ‘Salam’ rootstock.
The status of CLas inoculation, rootstock/scions varieties and the duration of plant infection influenced to CLas
titers. There were inconsistency between HLB symptoms and CLas titers. According to measurement of plant
height, and diameter of rootstocks and scion stem, the plant growth of Volkamer lemon rootstock grafted with
‘Siam Purworejo’ scion or ‘Keprok Tejakula’ scion was better than grafted with Japansche citroen and ‘Salam’
rootstocks. Japansche citroen rootstock was more susceptible to HLB than Volkamer lemon and ‘Salam’ rootstocks.
Combination of rootstock/scion varieties affected plant tolerance against HLB.
Keywords: growth, huanglongbing, ‘Keprok Tejakula’, rootstock, scion, ‘Siam Purworejo’
1. Introduction
Citrus huanglongbing (HLB) is caused by a phloem-limited gram-negative bacterium, Candidatus Liberibacter
asiaticus (CLas). Liberibacter cluster from Pacific were identical on their own compared with Asian isolates
(Subandiyah et al., 2000). HLB is one of the most serious citrus diseases worldwide, because it still has no
effective control method and citrus yield is greatly declined while the disease spreads rapidly in orchards. Grafting
could be effective to transmit the bacteria with the rate of infection level reached 100% in 120 days after
inoculation. CLas might be easily propagated by buds taken from non-symptomatic but infected branches and
multiplication occurred most quickly in young citrus plants. Folimonova et al. (2009) grouped citrus genotypes
into four categories (sensitive, moderately tolerant, tolerant and variable) based on severity of HLB symptoms and
continuous growth of the CLas-inoculated plants. While, according to reaction with HLB pathogen, Ahmad et al.
(2011) classified citrus species into very susceptible, susceptible, and tolerant.
Some predictions of plant resistance or tolerance to HLB within citrus and citrus relatives under field condition
have been observed, although there was no HLB-resistant on commercial citrus varieties. Scion/rootstock
combination showed the differences on tolerance to HLB. Albrecht et al. (2016) studied that many metabolites in
the tolerant cultivars were expressed in higher concentrations and lower availability of specific sugars which was
necessary for pathogen survival. It might had an important role in the decreased disease severity. According to
Ramadugu et al. (2016), resistance and tolerance to HLB disease in different citrus accessions depended on many
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factors, including ability of vector colonization, patogen propagation, infection process and plant recovery from
infection.
Study of the level of tolerance to HLB is important for resistance breeding program, and the development of
alternative horticultural practices which can control and mitigate the devastatingly effects of this disease. Use of a
tolerant rootstock is suggested as an effective means for ameliorating crop losses under endemic of
huanglongbing (Bowman et al., 2016). Rootstock varieties did not induce high-level resistance to scion in early
infection with CLas. However, tree performance was improved and tolerance to HLB increased on some
rootstocks (Albrecht et al., 2012). Stover et al. (2016) stated that the two criterias most widely applied in
assessing HLB resistance were symptoms and higher early pathogen titer. It might not relate with the lowest
growth and cropping.
Several rootstock varieties planted in Indonesia were generally grafted with ‘Siam’, ‘Keprok’, and pumello scion.
Japansche citroen rootstock commonly grown in Indonesia, ‘Salam’ rootstock limited in Tulungagung, East Java,
Indonesia, while the Volkamer lemon rootstock was not widely used because lack of seed availability. Trees on
Japansche citroen rootstock was known to be severely infected by HLB on citrus orchard production in Indonesia.
On the other hand, tolerance of trees on Volkamer lemon and ‘Salam’ rootstocks was unknown yet.
The information of tolerance to HLB on rootstock/scion combination can be necessary in management of HLB
both in nusery and field. Healthy citrus nursery is the starting point for controlling HLB and reducing the source
of inoculum by eliminating HLB-infected trees and controlling the citrus psyllids. Frequency of inspection to
detect symptomatic plants before eradication treatment affected the success of HLB control by decreasing the
escape plants (asymptomatic and non visual detectable diseased plants) (Bassanezi et al., 2013). McCollum et al.
(2016) demonstrated that results obtained from screening susceptibility of citrus germplasm to HLB in
greenhouse experiment was in line with tendence observed in the citrus orchard. The objective of this study was
to study the effect of six citrus rootstock/scion combinations of varieties on huanglongbing disease intensity,
presence of Candidatus Liberibacter asiaticus (CLas), and growth of citrus seedling.
2. Method
2.1 Plants, Sources of Inoculum, Rootstock/Scion Varieties and Inoculations
The grafting combinations of three rootstock varieties: Japansche citroen (Citrus limonia Osbeck), Volkamer
lemon (C. volkameriana V. Ten & Pasq), ‘Salam’ (local name), and 2 scions varieties: ‘Siem Pontianak’ (C. nobilis
Lour) and ‘Keprok Tejakula’ (C. reticulata Blanco) were used for testing the tolerance of citrus to HLB. All plants
were grown in 2-liter polybags. The successful of grafting was indicated by the survival scion more than 3
months after grafting. Eight months old of seedlings from each of rootstock/scion combinations was inoculated
with three pieces of CLas infected bark tissues per plant. The sources of CLas inoculum were symptomatic
branches of 6-year-old Japansche citroen/‘Batu 55’ (C. reticulata Blanco) infected tree, which positively
HLB-detected by PCR (Polymerase Chain Reactions) analysis. As a control, each of rootstock/scion
combinations was mock-inoculated with disease-free tissue pieces. The experiments were conducted by
completely randomized design with 5 replications. Plants were placed at the endemic psyllids vector nursery.
2.2 Disease Intensity
Disease intensity was observed on 4, 8 and 12 months after treatment. The disease intensity calculated by the
following formula (Shokrollah et al., 2011).
∑(a × b)
(1)
The disease intensity =
× 100
N·Z
Where, ∑(a × b) = Number of symptomatic plants and corresponding score; N = total number of plant samples;
Z = the highest score.
Score was used to observe of HLB disease intensity based on the lowest symptoms to the highest symptoms, which
was developed by McKinney (1923) (Table 1).
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Table 1. Score and description of HLB symptoms
Score
0
1
2
3
4
5
6
7
8
9
10
11
12
13

Description
Leaves on branch asymptomic
Leaves on branch showing mild-mottling
Leaves on branch showing mottling
Leaves on branch showing mottling with corking
Leaves on branch showing mild-chlorosis
Leaves on branch showing chlorosis
Leaves on branch showing chlorosis with corking
Leaves on branch showing mild-Fe deficiency-like symptom
Leaves on branch showing Fe deficiency-like symptom
Leaves on branch showing Fe deficiency-like symptom with corking
Leaves on branch showing mild-interveinal chlorosis (Zn deficiency-like symptom)
Leaves on branch showing interveinal chlorosis (Zn deficiency-like symptom)
Leaves on branch showing interveinal chlorosis (Zn deficiency-like symptom) with corking
Leaves on branch abscised, branch desiccated

2.3 Candidatus Liberibacter Asiaticus (CLas) Titers by Real-Time PCR Analysis
The total DNA was extracted from 0.3 g midrib of leaves sample by using CTAB buffer extraction that was
modified to lysed cell walls of plants (Anonymous, 2002). The presence of CLas was detected by real-time PCR.
The extrated DNA (1 µl) was used as template for real-time PCR. Quantification of bacterial titers used a series
of primer LJ900fr, forward primer (5-GCCGTTTTAACACAAAAGATGAATATC-3), and reverse primer
(5-ATAAATCAATTTGTTCTAGTTTACGAC-3) (Zhou et al., 2011). Real-time PCR reaction mix used 20 µl
contained 10 µl of universal real-time mix with SYBR green (Kappa), 1 µl of each primer, 1 µl of DNA sample
(50 ng/µl), and 7 µl H2O. Running reactions used real-time PCR machine (Biorad) under following conditions of
pre-denaturation at 95 °C for 3 min, then followed by 40 cycles of denaturation at 95 °C for 3 s. The cycles were
separated by annealing at 60 °C for 60 s at the end of each stage. Melt curve of extension at 90 °C, 0.5 °C
increments for 10 seconds. Detection of the presence of CLas bacteria with real-time PCR was at 8 and 12 months
after inoculation. The data of real-time PCR analysis were used to calculate the persentage of infected plants, to
count the average of CLas titer on each rootstock/scion combinations and to obseve inconsistency between onset
of symptoms and CLas titers.
2.4 Plant Height, Diameters of Rootstock and Scion Stem, and Ratio Scion/Rootstock Diameters
Plant height, diameters of rootstock and scion stem were observed on 4, 8 and 12 months after treatment. Scionand rootstock diameters of seedlings were measured 5 cm above and 5 cm below the graft union, respectively,
using a digital caliper.
3. Results
3.1 Effect of Rootstock/Scion Combination on Huanglongbing Disease Intensity
The success of transmission of CLas in each rootstock/scions variety was not related to the rate of symptoms
expression (Figure 1).
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Figure 1. Huanglongbbing disease inntensity on eacch of rootstockk/scion combinnation at 8 and 12 months after
innoculation
All of roottstock/scion vaarieties in 4 m
months after CL
Las inoculationn was asymptoomatic, while tthe low develo
oping
disease inttensity was revvealed at 8 moonths and 12 m
months. Non iinoculated plaants expressed 1.524% of disease
intensity. T
The emergence of these sym
mptoms on nonn inoculated plants occured by natural trannsmission of citrus
c
psyllid froom infected plaants. The minoor disease intennsity might be caused by rainnfall during obbservation.
3.2 Candiddatus Liberibaacter Asiaticus (CLas) Titers by Real-Time PCR Analysiss
The presennce of CLas on most of inocculated plants could be detected at 8 montths after inocuulation by real--time
PCR analyysis, excluded on Volkamer llemon/‘Siam P
Purworejo’ (Taable 2). Althouugh, all plants of rootstock/sc
cions
combinatioons had been infected in 12 months after inoculation. P
Presence of CL
Las in plant was unstabile du
uring
observatioon. Combinatioons of Japanssche citroen/‘S
Siam Purworejjo’ and ‘Salam
m’/‘Keprok Tejjakula’ showed the
lowest infe
fected plants inn 8 months aftter inoculationn, while the low
west infected plants of Volkkamer lemon/‘Siam
Purworejoo’ and ‘Salam’//‘Keprok Tejakkula’ combinattions were indiicated in 12 m
months after inooculation.
Percentage of plants infecteed by huangloongbing based on Ct value by real-time PCR analysis in 8
Table 2. P
months annd 12 months after
a
inoculatioon
Rootstoock/Scion varietyy

Plants innfected by huangglongbing (%)*
HLB inoculation
Naturally infeccted by vector
8 MAI
12 MAI
8M
MAI
12 MAI

Japanscche citroen/Siam
m Purworejo
Japanscche citroen/Keprrok Tejakula
Volkam
mer lemon/Siam Purworejo
P
Volkam
mer lemon/Keprook Tejakula
Salam/S
Siam Purworejo
Salam/K
Keprok Tejakulaa

100
100
80
100
100
100

100
100
100
100
100
100

40
1000
60
1000
1000
40

100
100
60
100
100
60

Note. * Ct < 36 assumedd huanglongbinng infected plaant, Ct > 36 asssumed non inffected plant (heealthy).
The conceentration of CL
Las bacteria onn plants dependded on the com
mbination of roootstock/scion variety (Table 3).
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Table 3. C
CLas bacteria titers
t
from sixx rootstock/scion combinatioons of huangloongbing inocuulated and natu
urally
infected byy vector in 8 months
m
and 12 months after iinoculation
Rootstock/Scion varietyy
Japansche citroen/Siam
m Purworejo
Japansche citroen/Keprrok Tejakula
P
Volkamer lemon/Siam Purworejo
Volkamer lemon/Keprook Tejakula
Siam Purworejo
Salam/S
Salam/K
Keprok Tejakulaa

Cycle thhreshold (Ct) vaalues of CLas1
Huangloongbing inoculattion
Naturally infeccted by vector
8 MAI
Ct 12 MA
AI
Ctt 8 MAI
Ct 12 MAI
29.22±4.75
23.94±2.337
31.46±3.00
23.93±0.83
27.02±5.41
23.514±1.45
322.73±2.50
28.57±54
355.05±1.62
31.83±3.53
23.74±1.116
31.09±6.42
21.09±3.669
344.63±0.48
32.56±2.47
31.87±5.43
22.994±1.15
344.36±1.09
29.31±5.25
31.83±3.78
344.9±2.36
21.32±0.774
33.50±1.11
32.67±4.51

Note. 1Ct vvalues of real-ttime PCR are m
means of five replicates ± sttandard deviatiion from DNA
A 50 ng/µl.
Volkamer lemon rootsttocks which w
were grafted w
with ‘Siam Puurworejo’ or ‘‘Keprok Tejakkula’ scions and
a a
combinatioon of ‘Salam’//‘Siam Purworrejo’ had loweer rates of CL
Las concentratiion than otherss in 8 months after
inoculationn, although all of rootstock/sscion varieties showed almosst the same baccterial concentrration in 12 mo
onths
after inocuulation. Plant generated from Japansche citroen rootstoock had relatiively higher (llower Ct value) of
bacterial cconcentration compared
c
to oother rootstockk/scion combiinations. This indicated thatt Japansche citroen
rootstock w
was more suscceptible to HLB
B than Volkam
mer lemon and ‘Salam’ rootsstocks.
Almost alll varieties of rootstock/scion
r
ns showed presence of CLass with various concentrationns, although did not
express syymptoms of HL
LB. The inconsistency betweeen symptoms and CLas conncentration on the plant displlayed
in Figure 22. Combinationns of ‘Salam’/‘‘Siam Purworeejo’ and ‘Salam
m’/‘Keprok Tej
ejakula’ which were inoculate
ed by
CLas indiccated the preseence of bacteriaa, although theey were sympttomsless until eeight months aafter inoculatio
on, as
well as Jappansche citroeen and Volkam
mer lemon roottstocks which w
were grafted w
with ‘Keprok T
Tejakula’ scion
n and
combinatioon of ‘Salam’’/‘Siam Purwoorejo’ which w
were infected naturally by vector (Diaphhorina citri). Sixty
percent off plants were symptomless at 8 months after treatmennt; however C
CLas was dettected on 100%
% of
asymptom
matic plants in 12
1 months afteer inoculation.

Figure 2. IInconsistency of huanglongbbing symptomss and CLas titeers detection bby real time PC
CR in 8 monthss and
12 monthhs after inoculaation
3.3 Plant H
Height, Diameeters of Rootstoock and Scion Stem, and Rattio Scion/Rootsstock Diameters
CLas infecction had no efffect on plant hheight rather thhan control plaants (Table 4).
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Table 4. Plants height (cm) of six rootstock/scion combinations of huanglongbing inoculated and naturally
infected by vector in 4, 8 and 12 months after treatments
Treatments
Pathogen inoculation
Naturally infected by vector
Huanglongbing inoculation
Rootstock/Scion variety
Japansche citroen/Siam Purworejo
Japansche citroen/Keprok Tejakula
Volkamer lemon/Siam Purworejo
Volkamer lemon/Keprok Tejakula
Salam/Siam Purworejo
Salam/Keprok Tejakula

Plant height (cm)
4 MAI

8 MAI

12 MAI

50.767 a
53.467 a

71.533 a
74.400 a

82.767 a
83.800 a

44.700 b
48.500 b
62.500 a
63.000 a
48.600 b
45.400 b

68.900 b
68.000 b
83.200 a
82.600 a
70.100 b
65.000 b

76.100 c
75.900 c
91.200 ab
95.200 a
83.400 bc
77.900 c

Note. Values followed by the different letter on the same treatments are significantly different based on DMRT (P
= 0.05).
The highest growth was performed by seedling which grafted by Volkamer lemon rootstock. There was no
interaction between pathogen inoculation and citrus varieties on height of citrus seedling until 12 months after
inoculation.
Diameters of rootstock and scion stem on HLB inoculated plant showed significantly higher than control (Tables
5 and 6). Different scion varieties provided a significantly different effect on the diameter of rootstock stem. Stem
of ‘Keprok Tejakula’ scion grafted on rootstock had smaller diameter of rootstock than ‘Siam Purworejo’ scion.
There was no interaction between pathogen inoculation with a graft combination of scions/rootstock varieties to
the diameter of rootstock and scions stem and also the ratio of diameter of scion/rootstock stem.
Table 5. Diameter of rootstock stem (mm) of six combinations rootstock/scion of huanglongbing inoculated and
naturally infected by vector in 4, 8 and 12 months after inoculation
Treatments
Pathogen inoculation
Naturally infected by vector
Huanglongbing inoculation
Rootstock/Scion variety
Japansche citroen/Siam Purworejo
Japansche citroen/Keprok Tejakula
Volkamer lemon/Siam Purworejo
Volkamer lemon/Keprok Tejakula
Salam/Siam Purworejo
Salam/Keprok Tejakula

4 MAI

Diameter of rootstock stem (mm)
8 MAI
12 MAI

6.579 b
7.282 a

10.804 b
11.671 a

11.243 b
12.188 a

6.794 bc
6.178 cd
7.961 a
7.562 ab
7.240 ab
5.848 d

11.329 b
10.305 c
12.432 a
11.848 ab
11.557 ab
9.954 c

11.674 bc
10.871 cd
13.031 a
12.369 ab
11.838 bc
10.510 d

Note. Values followed by the different letter on the same treatments are significantly different based on DMRT (P
= 0.05).

234

jas.ccsenet.org

Journal of Agricultural Science

Vol. 9, No. 6; 2017

Table 6. Diameters of scion stem (mm) of six combinations rootstock/scion of huanglongbing inoculated and
naturally infected by vector in 4, 8 and 12 months after inoculation
Treatments
Pathogen inoculation
Naturally infected by vector
Huanglongbing inoculation
Rootstock/Scion variety
Japansche citroen/Siam Purworejo
Japansche citroen/Keprok Tejakula
Volkamer lemon/Siam Purworejo
Volkamer lemon/Keprok Tejakula
Salam/Siam Purworejo
Salam/Keprok Tejakula

Diameter of scion stem (mm)
4 MAI

8 MAI

12 MAI

5.338 b
5.876 a

7.632 b
8.533 a

8.357 b
9.079 a

5.371 b
5.231 b
6.026 ab
6.716 a
5.166 b
5.131 b

7.847 b
7.633 b
8.754 a
9.337 a
7.429 b
7.494 b

8.374 b
8.405 b
9.630 a
10.051 a
7.799 b
8.049 b

Note. Values followed by the different letter on the same treatments are significantly different based on DMRT (P
= 0.05).
A graft compatibility of rootstock/scion which was expressed by the ratio of diameters of scion and rootstock stem
after infection with CLas did not show significantly difference with the control. Although, the diameter of
rootstock and scions stem was significantly different between inoculated plants and control (Table 7). This
suggested that the pathogen inoculation did not affect against the suitability of a graft compatibility rootstock/scion.
Combination of Japansche citroen rootstock with both scions showed insignificantly difference of rootstock/scion
graft compatibility by Duncan Multiple Range Test 5%. Meanwhile, the combination of the others rootstocks/scion
resulted significantly different in a graft compatibility on the same rootstock with different scion, excluded
Volkamer lemon rootstock in 12 months after inoculation. The ratio of rootstock/scions which was closer to 1
resulted in the balance of plant nutrients.
Table 7. Scion/rootstock ratio of six combinations rootstock/scion of huanglongbing inoculated and naturally
infected by vector in 4, 8 and 12 months after inoculation
Treatments
Pathogen inoculation
Naturally infected by vector
Huanglongbing inoculation
Rootstock/Scion variety
Japansche citroen/Siam Purworejo
Japansche citroen/Keprok Tejakula
Volkamer lemon/Siam Purworejo
Volkamer lemon/Keprok Tejakula
Salam/Siam Purworejo
Salam/Keprok Tejakula

Scion/rootstock ratio
4 MAI

8 MAI

12 MAI

1.253 a
1.267 a

1.430 a
1.383 a

1.358 a
1.355 a

1.289 abc
1.209 bc
1.334 ab
1.126 c
1.436 a
1.168 bc

1.452 b
1.367 bc
1.426 b
1.269 c
1.583 a
1.344 bc

1.394 b
1.297 bc
1.355 bc
1.230 c
1.542 a
1.321 bc

Note. Values followed by the different letter on the same treatments are significantly different based on DMRT (P
= 0.05).
4. Discussion
Disease-free seedling should be used in the management of systemic disease-free citrus orchards. Inoculum
reduction by elimination of symptomatic plants has been recommended world-widely to control HLB (Belasque
et al., 2010), because until now there is no practical, routine and economically feasible method for early
detection of HLB-infected trees. The intensity of the disease based on observation of huanglongbing symptoms
and presence of CLas titer on different rootstock/scion combination indicated the level of tolerance to the disease.
Almost all of rootstock/scion combination varieties contained CLas with different of CLas titers depending on the
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status of CLas inoculation, rootstock/scions varieties and duration of plant infection. Blotchy mottle symptom was
first found at 180 days after inoculation on the Autumn and 240 days after inoculation in Spring (Coletta-Filho et
al., 2009).
Different from other disease such as soft rot (Joko et al., 2014), the appearance of HLB disease symptoms was not
always associated with bacterial titers. Sometimes, asymptomatic plants had high titers of Clas, while symptomatic
ones had low bacterial titers. The increasing degree of microscopic aberrations correlated with HLB symptoms
development and CLas progression (Folimonova & Anchor, 2010). The minor of disease symptoms caused by
rainfall during the process of observation. Plants have better availability of nutrients and growth of new flush
which gives plants more vigor and health to fight against HLB infection and reduce disease severity during
rainfall. Symptomless plants with CLas content have to be controlled in accordance with the spread of inoculum
source through infected seedling. Ca. L asiaticus expressed a less intense symptom development. However, its
showed a high rate of pathogen transmission. On the contrary, Ca. L. americanus was detected mainly in
symptomic plants (Lopez et al., 2009). In other cases, there were infected plants because of natural transmission
by psyllids vector. Preventing CLas infection by the psyllids and removing diseased trees are important on
management of HLB, especially in the absensce of resistant or tolerant commercial citrus varieties and with no
known cure for HLB (Belasque et al., 2010; Hall et al., 2013).
Tolerance to HLB was higher in trees grafted on certain rootstock. Volkamer lemon rootstock tended to show
good growth performance when grafted on ‘Siam Purworejo’ and ‘Keprok Tejakula’ scions. Volkamer lemon
rootstock trees also produced the highest cumulative yield and larger of ‘Navalina’ orange fruits amongst others
(Forner-Giner et al., 2003). Rootstock vigor might influenced the shoot flushes of the scion variety. Therefore,
availability of the preferential food for the psyllid was greater, effecting in higher dispersion of the bacteria. In
the United States, higher incidence of the disease was reported in several scions grafted on Volkamer lemon
rootstock, when compared to the same clones grafted on Rough lemon (Citrus jambhiri Lush.) and Swingle
citrumelo (Poncirus trifoliata (L.) Raf. × Citrus paradisi Macfad.) (Stuchi & Girardi, 2010). Other rootstocks
had different tolerance to HLB in growth, yield and quality of trees in field (Bowman & McCollum, 2015;
Bowman et al., 2016). This indicated that there are meaningful differences between the rootstock tolerances to
HLB. The selected rootstock which induces low vigor to the scions accompanied by high yield efficiency, could
indirectly have a role to decrease the vector food so that reducing presence of HLB.
5. Conclussion
The huanglongbing symptoms appeared in 8 months after inoculation, excluded ‘Salam’ rootstock. All the plants
which were inoculated with CLas bacteria had a high bacterial titers (lower Ct) in 12 months after inoculation.
Emergence of disease symptoms on rootstock/scion combinations did not relate with bacterial titers. Height of
infected plants was not affected by pathogen infection. Effect of CLas infection was found in diameter of
rootstocks and scions stem, although compatibility of rootstock/scions was not affected. Both scion varieties
grafted with Volkamer lemon rootstock had better growth than grafted with Japansche citroen and ‘Salam’
rootstocks based on observation of plant height, and diameter of rootstock and scion stem. Varieties of
rootstock/scions combination influenced the level of plant tolerance to HLB on height inoculum density and
endemic vector psyllids condition. Japansche citroen rootstock was more susceptible to HLB than Volkamer lemon
and ‘Salam’ rootstocks.
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