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Abstract. Incidence and severity of Huanglongbing (HLB) disease were assessed in Apr.
2010 among eight citrus cultivars representing diverse scion types growing in commer-
cial groves in Florida’s Indian River region, an area with a high incidence of HLB. In
each grove, 20 trees of each cultivar were rated for visual HLB symptoms and leaves
were collected for quantitative polymerase chain reaction quantification of Candidatus
Liberibacter asiaticus (CLas), the presumptive causal agent of HLB. There was a strong
correlation between HLB rating and CLas titer (titer represented by Ct, r2 = 0.37 and
0.40, for whole tree and leaf sample, respectively, both with P < 0.0001) across all
cultivars and groves. Although incidence and severity of HLB varied considerably among
the groves, scion-specific differences were apparent, even when analyses excluded
potentially confounding grove effects. ‘Temple’ tangor showed the most consistently low
incidence of HLB symptoms and CLas titer; in contrast, ‘Murcott’ tangor and
‘Minneola’ tangelo had the highest incidence of HLB symptoms and highest CLas titer.
These results suggest useful resistance to HLB with reduced symptoms and reduced CLas
titer may be found in conventional scion cultivars and further work is needed to assess
this potential and its commercial value.

Huanglongbing is a very destructive citrus
disease (Bove, 2006) and is currently consid-
ered to be the greatest threat facing the Florida
and U.S. citrus industry (Gottwald, 2010).
HLB is associated with a phloem-limited bac-
terium, CLas, and its insect vector, Diaphorina
citri, the Asian citrus psyllid (ACP). As HLB
progresses, trees become increasingly debil-
itated, leading to loss of yield and poor fruit
quality followed eventually by tree death
(Bove, 2006; Gottwald, 2010). Since HLB
was first confirmed in Florida in 2005, it has
now been found in all 32 citrus-producing
counties in the state as well as in dooryard cit-
rus in non-citrus-producing counties (Halbert
et al., 2008).

Currently, the strategies for management
of HLB include insecticide applications for
vector control, roguing trees affected by the
disease to reduce inoculum, and production
and use of nursery stock free of CLas/ACP
(Gottwald, 2010). Insecticide applications for
ACP control have escalated in Florida in-
creasing the likelihood of ACPs developing
insecticide resistance (e.g., Srinivasan et al.,
2008). Scouting to identify trees expressing
HLB symptoms and subsequent tree removal
are costly and reduce fruit yield with each

tree removed. The ability to grow replanted
trees near HLB-affected groves is uncertain
as a result of the presence of inoculum and
frequent initiation of new leaf growth by
young trees, which attracts ACP (Keiji et al.,
2005). A more sustainable approach for the
management of HLB would be the cultivation
of citrus cultivars that are unaffected, or less
affected, by the disease rather than more sus-
ceptible types (Gottwald, 2010).

Several studies have been conducted to
determine if there are differences in HLB
susceptibility among citrus cultivars and/or
species. Compared with other tested cultivars
within individual experiments, lower suscep-
tibility to HLB associated with CLas has been
reported for limes (de Lange et al., 1985;
Schwarz et al., 1973; Shokrollah et al., 2009),
pummelos (Koizumi et al., 1997; Schwarz
et al., 1973), lemons (Cheema et al., 1982;
Nariani, 1982; Schwarz et al., 1973), some
mandarin types (e.g., ‘Ladu’ and ‘Som Pan’
in Thailand; Koizumi et al., 1997), and var-
ious non-cultivated citrus or related species.
However, reports are inconsistent which may
reflect genotypes selected, interactions be-
tween the host genotype and strains of HLB
pathogens studied (e.g., Kiritani and Su,
1999), or the methods used to evaluate dis-
ease. Reports before routine use of molecular
diagnostic tools may also reflect confusion of
apparent HLB with other diseases. Poncirus
trifoliata (proposed as Citrus trifoliata in a
recent revision of citrus taxonomy; Bayer
et al., 2009) appears to be less susceptible to
HLB than are cultivated citrus scion varieties.

P. trifoliata and its hybrid, ‘Carrizo’ citrange,
developed less severe HLB symptoms and
among the lowest titer of CLas among the
genotypes evaluated in a recent greenhouse
study (Folimonova et al., 2009). This is strong
evidence that variation for HLB susceptibility
exists within the citrus gene pool, and it is
possible that scion cultivars may display use-
ful resistance.

The majority of citrus production in Florida
is represented by sweet orange (C. sinensis,
�86% of the �200,000 ha of Florida citrus)
followed by grapefruit (C. paradisi, 10% of
total Florida citrus; NASS, 2008). In the
Folimonova et al. (2009) study on citrus sus-
ceptibility to HLB, sweet orange was in the
most susceptible category and grapefruit
showed slightly lower susceptibility. ‘‘Other
citrus’’ grown in Florida is mostly mandarin
hybrids (tangors, tangerines, and tangelos),
which represent �9300 ha or 4% of all
Florida citrus (NASS, 2008). Tangors are nat-
ural hybrids of C. reticulata and C. sinensis;
tangelos are hybrids between C. reticulata and
C. paradisi; whereas tangerines range from
pure C. reticulata to complex hybrids that have
been created by plant breeders and have a phe-
notype similar to C. reticulata. There is much
greater genetic diversity among the mandarin
group than sweet oranges and grapefruit,
which are each represented essentially by bud
sports from single genotypes.

Although greenhouse studies using graft
inoculation have been conducted to compare
susceptibility to HLB among cultivars, it is
unlikely that greenhouse results can be ex-
trapolated to ultimate tree performance in the
field. Replicated field studies of HLB sus-
ceptibility require years to complete. This
study was conducted to detect differences in
HLB severity and incidence as well as CLas
titer among diverse citrus cultivars in extant
field plantings known to be affected by HLB
to provide guidance in selection of cultivars
for long-term field tests.

Materials and Methods

Plant material. Our objective was to quan-
tify the incidence and severity of HLB among
citrus types growing in commercial groves
with disease pressure typical of the region.
Because Florida citrus production is dominat-
ed by sweet orange and grapefruit, there are
few groves with diverse cultivars. As a conse-
quence, it was impossible to develop a bal-
anced sample set with all scions represented in
all groves. The eight commercial citrus groves
selected for survey each contained four or
more scions (Table 1) planted within 1 km of
each other. Groves were located in the Florida
counties of Indian River, St. Lucie, Martin, and
Palm Beach (lat. 26.7 to 27.6� N and long. 80.2
to 80.4� W). Trees in each grove were mature
bearing trees on standard industry rootstocks
and had been maintained using local commer-
cial practices regarding fertilization, irrigation,
and pest control. Citrus scions evaluated in this
study included sweet orange (cultivars Hamlin,
Valencia, and navel), grapefruit (‘Marsh’,
‘Ruby Red’, and ‘Flame’), tangors (‘Temple’,
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‘Murcott’, and ‘Ortanique’), and mandarin-type
hybrids (‘Fallglo’, ‘Minneola’, and ‘Sunburst’)
(Table 1). In each grove, 20 trees per cultivar
were evaluated; however, in no case were all
cultivars available in all groves (Table 1). A
total of 720 trees were included in the study.
Because there tends to be a higher than expected
incidence of HLB-affected trees at the periphery
of plantings (Gottwald et al., 2008), only trees
more than three trees from the ends of rows and
sides of blocks were considered for evaluation;
at least three trees separated individual targeted
trees. Target trees were identified randomly by
row and tree before arrival at each grove.

Huanglongbing symptom rating. Targeted
trees within the eight groves were surveyed
for visual symptoms of HLB during Apr. 2010
with HLB severity rated using a 3-point scale
(0, 1, 2) with 0 representing no apparent HLB
symptoms, 1 suspect HLB symptoms, and 2
likely HLB symptoms. Incidence of HLB was
calculated by summing the number of trees
rated 1 (suspect) or 2 (likely) and dividing the
sum by the total number of trees.

Leaf sampling. Leaf samples for quantifi-
cation of CLas were collected as visual rating
was conducted. For each target tree, a six-
leaf ‘‘most HLB symptomatic’’ sample was
collected; for trees with no overt HLB symp-
toms, leaves of similar age and position as
those selected based on symptoms were col-
lected. Leaf samples were also rated for HLB
symptoms using the 3-point scale described
previously.

DNA isolation and Candidatus Liberibacter
asiaticus quantification. Nucleic acid was ex-
tracted from citrus leaf laminar discs (3 mm
diameter, �11 mg) using REDExtract-N-
Amp (Sigma, St. Louis, MO) according to
the manufacturer’s instructions. Copy num-
ber of CLas 16S rDNA in citrus leaf nucleic
acid extracts was determined using quantita-
tive polymerase chain reaction (qPCR) fol-
lowing the standard protocol (Li et al., 2006)
and Ct values were converted to CLas copy
number based on a standard curve generated
in our laboratory (Log Copy Number = 10.9 –
0.27 Ct). Three copies of the 16s rDNA gene
are present in the CLas genome (Duan et al.,
2009), and data were expressed as numbers of
CLas genomes per gram of tissue, hereafter
referred to as ‘‘CLas titer.’’ Each sample
was assayed in triplicate; positive, negative,
and no template controls were included in
each qPCR run.

Data analysis. Data were analyzed using
SAS (Cary, NC) with all sweet orange culti-
vars combined in one group and all grapefruit
cultivars combined in another group. Analyses
included Ct values from qPCR (with a Ct value
of 40 assigned when there was no detectable
amplicon replication), grove-normalized Ct
(an assessment in which the average Ct for
each grove was subtracted from each tree’s Ct
value), Ct value only when 16s rDNA ampli-
fication was detected, HLB severity rating on
a 3-point scale, and percent of trees of each
cultivar scoring 1 or 2 on the 3-point HLB
scale. Mean and SE were calculated for param-
eters in each grove and cultivar. No standard
data transformation resulted in Ct-derived
data satisfying assumptions for analysis of
variance, so means were compared using
nonparametric analyses (Kruskal-Wallis when
comparing more than two data sources and
Wilcoxon for comparison of two cultivars in a
one-sided t test approximation) primarily com-
paring cultivars only when they were present
in the same groves. Correlation between Ct
value of samples and HLB rating of trees
was conducted using Excel Analysis Tools
(Microsoft Corp., Redmond, WA).

Results and Discussion

The objective of our study was to determine
if differences in the incidence and severity of
HLB, along with differences in CLas titer,
could be detected among citrus types. We eval-
uated HLB in eight citrus scion types growing
in commercial groves affected by HLB in the
Indian River district of Florida. No cultivar
displayed a consistently low or high level of
CLas titer in every grove sampled (Table 1).
Two methods, visual rating and quantifica-
tion of CLas titer, were used to compare HLB
among the scions.

Differences between cultivars in Candidatus
Liberibacter asiaticus titer and visual
Huanglongbing symptoms across all data.
Based on the overall means (n = 720) for
HLB incidence (37%) and CLas titer (mean
Ct of 37.7) across all groves surveyed, most
cultivars fall into one of two distinct groups
(Fig. 1 A). Cultivars Temple, grapefruit, and
Fallglo comprise a group with low HLB in-
cidence and low CLas titer (high Ct values).
Cultivars Ortanique, Minneola, and Murcott
comprise a group that has HLB incidence
greater than the overall mean and higher CLas

titer (Ct values less than the overall mean).
Sweet orange is intermediate among cultivars
tested. This analysis does not consider the
influence of individual grove differences in
HLB incidence and cultivar composition,
which are potentially confounding in analyz-
ing overall means.

Differences between cultivars in Candidatus
Liberibacter asiaticus titer after adjusting for
grove differences. Because individual groves
varied greatly in CLas titer (Fig. 1A), it is
possible that distribution of cultivars across
groves may influence apparent susceptibility
to CLas. When Ct for each tree was normal-
ized by individual grove means (‘‘grove-
adjusted Ct all’’ in Fig. 2A; ‘Ortanique’ is
omitted from this analysis because presence
in a single grove resulted in a large SE),
‘Temple’, ‘Fallglo’, ‘Sunburst’, and grape-
fruit show markedly lower CLas titers (high-
er relative Ct) compared with other cultivars,
whereas ‘Minneola’ and ‘Murcott’ showed
substantially higher CLas titers. Mean separa-
tions between cultivars are similar for Ct val-
ues with and without normalization to grove
means (‘‘grove-adjusted Ct all’’ in Fig. 2A and
‘‘Ct all’’ in Fig. 2B). It is particularly signifi-
cant that sweet orange, which is widely viewed
as highly susceptible to HLB, is revealed as
having an intermediate CLas titer notably
lower than some cultivars surveyed with a
higher Ct than ‘Minneola’ and ‘Murcott’.

Differences between cultivars in Candidatus
Liberibacter asiaticus titer only when amplicon
was detected. Potential components of HLB
resistance include reduced probability of initial
infection and reduced proliferation of CLas
once infection occurs. When CLas titers were
compared only in trees in which the target
CLas sequence amplified (‘‘Ct amp only’’ in
Fig. 2B), the cultivar separations for mean
CLas titer (analyzed as Ct values) were similar
to the separations for cultivar means across
all trees including those with no CLas (‘‘Ct all’’
in Fig. 2B).Therefore, ‘Temple’ and ‘Fallglo’
display lower CLas titers than ‘Minneola’,
‘Murcott’, and sweet orange even when com-
paring only those trees that do display infection.
This observation is consistent with either
reduced likelihood of ‘Temple’ and ‘Fallglo’
becoming initially infected, so that infections
begin later but progress at the same rate after
initiation, or reduced proliferation once infec-
tion occurs.

Differences between cultivars in Candidatus
Liberibacter asiaticus titer comparing cultivars
only in the same groves. Results of nonpara-
metric analyses on CLas titer are presented
in Table 2. Although it was not possible to
develop a balanced sample set with all scions
of interest represented in all groves, a subset
of cultivars (sweet orange, grapefruit, Tem-
ple, and Minneola) were all present in each of
five groves and provided a balanced set of
samples. Among the cultivars that comprised
this balanced sample set, ‘Temple’ had the
lowest CLas titer; grapefruit was intermedi-
ate in CLas titer; whereas sweet orange and
‘Minneola’ had the highest titers (mean
separations in Table 2 footnotes). Groves 1,
4, 6, 7, and 8, which contain each of these four

Table 1. Percentage of trees (20 samples per cultivar per grove) with one or more CLas genomes per 100 ng
nucleic acid sample from diagnostic leaf extraction as assessed in quantitative polymerase chain
reaction.z

Type Cultivar

Grove

1 2 3 4 5 6 7 8

Sweet orange C. sinensis 45 20 NA 56 20 30 0 0
Grapefruit C. paradisi 20 45 5 55 NA 5 0 0
Tangor Murcott NA 70 NA 65 5 NA NA NA
Tangor Temple 10 NA 70 10 5 0 0 5
Tangor Ortanique NA NA NA NA NA NA 30 NA
Tangelo Minneola 55 NA 90 50 25 30 5 0
Mandarin hybrid Fallglo 25 NA 20 NA NA NA NA NA
Mandarin hybrid Sunburst 0 35 NA NA NA NA 0 NA
zData are presented for each Citrus scion type/cultivar in each grove assessed in this study.
CLas = Candidatus Liberibacter asiaticus; NA = not available.
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cultivars, represent the full spectrum of HLB
incidence on a grove by grove basis; Groves
7 and 8 had low incidence of HLB (�10%),
whereas Groves 1 and 4 had high HLB in-
cidence (45% to 55%). Although this balanced
set of groves varied markedly in mean CLas
titer (P < 0.0001) across all tested trees, when
comparisons were made only in trees in which
target CLas sequence amplified, there was no
significant difference between mean CLas
titer in groves (P = 0.4167), whereas differ-
ences in CLas titer between cultivars were
more marked (P = 0.0674).

Nonparametric analyses were conducted
between each pair of cultivars present together
in three or more groves comparing data only
within trees of those cultivars in shared groves
(Table 2). ‘Murcott’ (P = 0.0298) displayed
higher CLas titer than sweet orange. ‘Temple’
had significantly lower CLas titer than sweet
orange (P < 0.0001) and ‘Minneola’ (P <
0.0001), whereas grapefruit had lower CLas
titer than ‘Minneola’ (P < 0.0001). These data
are fairly consistent with overall trends depicted
in Figure 1 in which means were analyzed for
cultivars across all groves surveyed.

When CLas titer was compared only in
trees in which the CLas 16s rDNA amplified
(Table 2), ‘Minneola’ had a higher titer than
sweet orange (P = 0.0113), ‘Temple’ (P =
0.0039), and grapefruit (P = 0.0665). ‘Murcott’
had higher CLas titer than sweet orange (P =
0.0113). In these comparisons, ‘Temple’ had
lower CLas titer than ‘Minneola’ (P = 0.0039)

and grapefruit (P = 0.0197). These data sug-
gest the possibility that CLas titers may vary
markedly between cultivars even when in-
fection does occur, which may be significant
in development of the HLB epidemic.

Apparent Huanglongbing resistance in
this study compared with previous reports.
Results of our study are somewhat consistent
with previous reports on the same cultivars.
Based on severity of symptoms and the ability
of plants to continue growth after inoculation,
‘Minneola’ was reported to be one of the ge-
notypes most susceptible to HLB in a study
using graft-inoculated trees in the greenhouse
(Folimonova et al., 2009). In the same study it
was also reported that ‘Valencia’ sweet orange
and ‘Duncan’ and ‘Ruby Red’ grapefruit were
equivalent to ‘Minneola’ in terms of CLas titers
in symptomatic HLB-symptomatic leaves, but
these trees were graft-inoculated rather than
being infected through ACP. Anecdotal reports
based on observations in Florida suggest that
‘Minneola’ is especially susceptible to HLB,
sweet orange very susceptible, and grapefruit
somewhat more resistant. ‘Minneola’ is also
among the most susceptible cultivars to the
greening disease caused by Candidatus L.
africanus in South Africa (H. le Roux, personal
communication).

Relationship between Huanglongbing
severity and Candidatus Liberibacter asiaticus
titer. It has been previously reported that graft-
inoculated sweet orange display HLB foliar
symptoms that correlate with CLas titer

(Coletta-Filho et al., 2010). To our knowledge,
no one has explored this relationship within a
group of cultivars. The relationship between
ratings of HLB severity and CLas (analyzed as
Ct values) in citrus leaf nucleic acid extracts
is presented in Table 3. Whether expressed
as whole-tree HLB severity rating or as leaf
sample rating, there was a strong correlation
between rating and CLas titer (titer is repre-
sented by Ct value, which is logarithmically and
negatively correlated with genome copy num-
ber, r2 = 0.37 and 0.40, for whole tree and leaf
sample, respectively, both with P < 0.0001).
Leaf sample ratings of 0, 1, or 2 correspond
with Ct values of 39.6, 37.8, and 32.8,
respectively.

Although estimates of CLas titer in the
current study are low (suspect HLB = 102 to
103 and likely HLB = 103 to 104 genomes/g
tissue, respectively), they fall within the range
of 103 genomes/g tissue (Coletta-Filho et al.,
2010) and 105 genomes/g tissue (Trivedi et al.,
2009) reported for infected but asymptomatic
tissue. Coletta-Filho et al. (2010) indicated
that HLB symptoms begin to appear when
the titer of CLas is greater than 104 to 105

genomes/g tissue, 10-fold higher than the titer
we found present in leaves rated as likely
HLB-symptomatic, whereas full blotchy mottle
symptoms appeared at 106 to 107 genomes/g
tissue. As a result of the emergence of the op-
portunity to conduct this study and its per-
ceived urgency, we collected samples during
the spring, the time when CLas titers as well as
visible HLB symptoms are at their lowest (Irey,
personal communication; McCollum, unpub-
lished results; Wang et al., 2006). According to
Wang et al. (2006), the populations of CLas in
leaves collected from field-grown ‘Ponkan’
mandarin and ‘Shatian’ pumello were highest
(Ct values 28.0 to 30.2) between October and
December and lowest between March and May
(Ct values 32.5 to 34.8).

Visual incidence of HLB in the trees sur-
veyed was calculated by summing the number
of trees visually rated 1 (suspect) or 2 (likely)
HLB-symptomatic and dividing by the total
number of trees. The relationship between
HLB incidence and CLas titer, based on either
cultivar or grove, showed a strong positive
correlation (Fig. 1A–B, showing HLB inci-
dence correlated with Ct); however, the cor-
relation between grove incidence and CLas
titer was stronger (r2 = 0.85 for HLB incidence
and Ct) than was the correlation between
cultivar incidence and CLas titer (r2 = 0.54
for HLB incidence and Ct) when all scions
were considered. If ‘Sunburst’ is eliminated,
the correlation between cultivar incidence and
CLas titer increases (r2 = 0.85 for HLB in-
cidence and Ct). The relationship between
CLas titer and HLB incidence in ‘Sunburst’
is unusual in that visually determined HLB
incidence was fairly high (�50%) but CLas
titer was low (mean Ct �39, which is �71
CLas genome/g of tissue). One reason for this
anomaly may be that the foliar symptoms sug-
gesting HLB in ‘Sunburst’ may not be HLB
symptoms, but may instead be nutritional
deficiencies, which are frequently mistaken
for HLB symptoms (Bove, 2006). Another

Fig. 1. Correlation of visual Huanglongbing (HLB) incidence (percent of trees scored as possible or likely
HLB) with Ct on a scion cultivar (A) or grove (B) basis. A Ct of 40 was assigned to an individual tree if
no amplification occurred. Letters next to data points in A are cultivar identity (CS = Citrus sinensis;
FG = ‘Fallglo’; GF = grapefruit; MN = ‘Minneola’; MC = ‘Murcott’; SB = ‘Sunburst’; TM =
‘Temple’), whereas numbers adjacent to data points in B indicate grove identity using numerical
designations also used in Table 1. Each data point represents the mean Ct value ± SE.
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possible explanation for ‘Sunburst’ varying
markedly from other cultivars in relationship
to visual HLB assessment and CLas titer may
be that only low levels of CLas develop even
in symptomatic leaves in this cultivar.

Relevance of results to commercially
significant Huanglongbing resistance. Short-
term experiments assessing differences in sus-
ceptibility to HLB among citrus cultivars are
difficult to extrapolate to commercial sig-
nificance. Most studies have used small potted
trees in the greenhouse inoculated either by
grafting (Coletta-Filho et al., 2010; Folimonova,
et al., 2009; Tatineni et al., 2008) or ACP
(numerous studies underway). These green-
house studies differ markedly from natural field
infections. CLas is never known to be graft-
transmitted in normal commercial production
and potential aspects of resistance and resulting
disease progression may be very different from
pathogen transmission by ACP. Use of ACP to
inoculate plants in the greenhouse more closely
mimics transmission in the field but may also
differ in ways that influence disease develop-
ment. Evaluation of trees growing in the field in
the presence of HLB and the ACP vector seems
to represent the most horticulturally relevant ap-
proach to assessing differences in cultivar HLB
susceptibility. In this study, using existing plant-
ings with natural exposure to HLB allows for
the evaluation of mature trees immediately
rather than after the several years that would be
required to establish field trials, allow trees to
grow, become infected, and eventually express
disease symptoms. Our results confirmed that
there were apparent differences in HLB inci-
dence and CLas titer among the citrus cultivars
included in the study (Fig. 1; Table 2) and that
visual ratings of HLB symptoms correlated with
CLas abundance (Table 3). However, although
we could detect variation in HLB incidence
and CLas abundance among the cultivars in-
cluded in this study, these results cannot be
interpreted as conclusive evidence of econom-
ically meaningful differences in susceptibility
to HLB.

CLas is vectored by Asian citrus psyllids and
the biology of diverse interactions among the
citrus host, bacterial pathogen, and insect vector
may influence disease development. Differences
in tree age, tree size, flushing pattern, and coin-
cidence among flushes, pest control, and ACP
outbreaks may have all influenced these results
and contributed to cultivar responses, although it
is unlikely that these effects would synchronize
across groves. There are anecdotal reports of
lower ACP incidence in some of the cultivars
showing lower HLB and CLas incidence in this
study, and it is possible that increased ACP
feeding on a given tree can increase the speed at
which CLas titer and visual symptoms increase.
A field planting of diverse citrus cultivars has
been established at the USHRL Ft. Pierce farm
to further test apparent cultivar difference in
HLB susceptibility in a randomized complete
block experiment, which will include observa-
tions on ACP feeding and development as in-
fluenced by scion cultivar.

Evaluation of HLB susceptibility through
replicated field plots will require years to
complete, and selection of promising cultivars

Fig. 2. Comparison of Candidatus Liberibacter asiaticus titer between cultivars in a survey of 720 trees of
seven cultivars in eight groves in Florida’s Indian River region in April of 2010. Ct values are directly
from quantitative polymerase chain reaction for Candidatus Liberibacter asiaticus 16S rDNA. (A)
Adjusted Ct is a grove-normalized assessment in which the average Ct for each grove was subtracted
from each tree’s Ct value. ‘‘Grove-adjusted Ct all’’ presents these data for all trees sampled with a Ct
of 40 assigned if no amplification occurred. For ‘‘grove-adjusted Ct amp only,’’ samples with no
amplification were excluded. (B). ‘‘Ct all’’ presents data for all trees sampled with a Ct of 40 assigned if
no amplification occurred. For ‘‘Ct amp only,’’ samples with no amplification were excluded. Letters
on bars indicate cultivar identity (CS = Citrus sinensis; FG = ‘Fallglo’; GF = grapefruit; MN =
‘Minneola’; MC = ‘Murcott’; SB = ‘Sunburst’; TM = ‘Temple’).

Table 2. Probability values for differences in CLas titer present in different cultivars (or groves) as assessed
by quantitative polymerase chain reaction amplification and associated Ct values.z

Sources compared Data subset

P value from nonparametric tests

CLas titer—all
CLas titer only
when amplified

All (unbalanced) Groves all (unbalanced) <0.0001 0.0076
CS versus GF versus

MN versus TM
Groves 1, 4, 6, 7, 8 <0.0001y 0.0674x

Groves 1, 4, 6, 7, 8 CS versus GF versus
MN versus TM

<0.0001 0.4167

CS versus GF Groves 1, 2, 4, 6, 7, 8 0.118 0.162
CS versus MC Groves 2, 4, 5 0.0298 0.0265
CS versus MN Groves 1, 4, 5, 6, 7, 8 0.1542 0.0113
CS versus TM Groves 1, 4, 5, 6, 7, 9 <0.0001 0.3605
CS versus SB Groves 1, 2, 7 0.1664 0.3709
GF versus MN Groves 1, 3, 4, 6, 7, 8 <0.0001 0.0665
GF versus TM Groves 1, 3, 4, 6, 7, 8 0.4376 0.0197
GF versus SB Groves 1, 2, 7 0.102 0.2882
MN versus TM Groves 1, 3, 4, 5, 6, 7, 8 <0.0001 0.0039
zNonparametric analyses (Kruskal-Wallis when comparing more than two data sources and Wilcoxon for
comparison of two data sources in a one-sided t test approximation) were conducted for each balanced
comparison where cultivars were present in three or more groves. Because differences between groves
were marked, only one unbalanced analysis was conducted and this compared all cultivars in all groves.
For ‘‘CLas titer all,’’ a Ct of 40 was assigned if no amplification occurred, but these samples were excluded
when comparing ‘‘CLas titer only when amplified.’’ n = 20 for each grove · scion combination. Scion types
are designated as follows: CS = Citrus sinensis; FG = ‘Fallglo’; GF = grapefruit; MN = ‘Minneola’; MC =
‘Murcott’; SB = ‘Sunburst’; TM = ‘Temple’.
yBy Wilcoxon one-sided t test means comparison at P # 0.05, TM a; GF b; CS c; MN c.
xBy Wilcoxon one-sided t test means comparison at P # 0.06, TM a; GF a; CS a; MN c.
CLas = Candidatus Liberibacter asiaticus.
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through this report should help ensure mean-
ingful comparisons. Quantifying HLB suscep-
tibility has several components with only a
few assessed in the short-term study reported
here. CLas titers are typically high in HLB-
symptomatic tissues (Coletta-Filho et al.,
2010; Folimonova et al., 2009; Trivedi et al.,
2009) perhaps making visual ratings most
useful for such trees. However, asymptom-
atic tissues frequently have detectable CLas
(Coletta-Filho et al., 2010; Trivedi et al.,
2009), and the effect of such levels on tree
productivity is unknown, reinforcing the
value of qPCR to assess the rate of CLas
development in evaluating susceptibility.
For commercial relevance, survival and
growth of young trees are critical aspects
of HLB susceptibility, and the ultimate
measure is economic yield over the entire
life of a planting.

In the near term, the Florida citrus in-
dustry will have greatest interest in finding
HLB-resistant or -tolerant varieties that have
properties similar to sweet orange or grape-
fruit so that familiar processed products re-
main available at the consumer level. Even if
the HLB resistance in ‘Temple’ (or ‘Fallglo’)
proves usefully higher than that of sweet
orange, it is not likely that fruit from these
varieties will provide a direct replacement for
sweet oranges. Fortunately, the genetic back-
grounds of ‘Temple’ and ‘Fallglo’ are con-
ventional and there are many related hybrids
in breeding programs that offer possible HLB
resistance or tolerance with traits much more
like those of sweet orange.
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Table 3. Ct values and Candidatus Liberibacter asiaticus genome equivalents per gram fresh weight of
tissue as a function of HLB severity ratings of whole trees or diagnostic leaf samples among all groves
and cultivars.

Whole tree Leaf sample

Ct Genomes per
gram tissue

Ct Genomes per
gram tissueHLB severityz Mean SD HLB severity Mean SD

0 39.4 2.03 55 0 39.6 1.67 49
1 36.5 4.66 336 1 37.8 3.63 150
2 32.3 4.69 4576 2 32.8 4.94 3353
zHLB severity was rated based on visible symptoms using a 3-point scale: 0 = no apparent HLB symptoms;
1 = suspect HLB symptoms; and 2 = likely HLB symptoms. Ct values were determined using quantitative
polymerase chain reaction and genomes per gram tissue calculated as described in ‘‘Materials and Methods.’’
HLB = Huanglongbing.
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