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Lasiodiplodia iraniensis associated with Bahia bark scaling in grapefruit plants
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ABSTRACT: Bahia Bark Scaling (BBS) is a disease that affects citrus and its etiology remains unknown. This study investigated the
association of a fungal agent with BBS symptoms in grapefruit plants. Eight fungal isolates were recovered from the field and identified at
the genus level by morphological methods, of which two were used in inoculations on healthy plants to fulfill Koch’s postulate. The Internal
Transcribed Spacer (ITS) region was used in phylogenetic analyses for species identification. The inoculated plants showed typical symptoms
of BBS. Lasiodiplodia iraniensis was the species associated with symptomatic grapefruit trees in the field, as well as the species recovered from
plants that developed symptoms in the pathogenicity tests.
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Lasiodiplodia iraniensis associado ao descamamento eruptivo em pomeleiros

RESUMO: O Descamamento Eruptivo dos Citros (DEC) é uma doenga que afeta plantas citricas e sua etiologia permanece desconhecida. Este
estudo teve como objetivo investigar a associagdo de um agente fingico com sintomas de DEC em plantas de pomelo. Oito isolados foram
recuperados de campo e identificados em nivel de género por métodos morfologicos, dos quais dois foram utilizados em inoculagdes em plantas
saudaveis para cumprir os postulados de Koch. A regido do espagador transcrito interno do DNA ribossomal (ITS) foi utilizada em analises
filogenéticas para identificagdo das espécies. As plantas inoculadas apresentaram sintomas caracteristicos de DEC. Lasiodiplodia iraniensis
foi a espécie associada aos pomeleiros com sintomas em campo, assim como a espécie recuperada de plantas que desenvolveram sintomas nos
testes de patogenicidade.

Palavras-chave: DEC, doencas dos citros, Botryosphaeriaceae, doengas de tronco.

Bahia Bark Scaling (BBS) is an endemic
disease that affects citrus orchards in Bahia and

BBS was firstly reported in Brazil affecting
sweet orange of nucellar origin (PASSOS etal., 1974).

Sergipe states of Brazil (NICKEL et al., 2007).
Adult plants affected by this disease exhibit
intense bark scaling on the trunk and old branches,
which might also present gum exudation. This
disease affects mainly sweet oranges (Citrus
sinensis L. Osbeck), mandarins (C. reticulata
Blanco), and, with greater severity, grapefruit (C.
paradise Macfadyen) (NICKEL, 1989; SANTOS-
FILHO et al., 1990; BARBOSA et al., 1999). The
dissemination of BBS in commercial orchards
may affect up to 98% of cultivated plants, leading
to a progressive decrease in longevity and yield
(LARANIJEIRA et al., 2006).
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Initially, this disease was nominated as Psorosis type
Bahia (tBA) due to its similarity with Psorosis A
symptoms caused by Citrus psorosis virus (CPsV),
such as bark lesions on the trunk. However, MARTIN
et al. (2004), by using molecular hybridization and
RT-PCR analyses, were not able to detect the CPsV
in young leaves of trees affected by BBS. Therefore,
until now, the BBS etiology remains unknown.

The similarity of symptoms to those caused
by the fungus Lasiodiplodia sp. in citrus (SANTOS-
FILHO & OLIVEIRA, 2009; BAUTISTA-CRUZ et
al., 2019) raised the hypothesis that BBS could be
a disease caused by these fungi. In this regard, this
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study aimed to investigate the association of a fungal
agent with BBS symptoms observed in grapefruits.
Eight grapefruit trees ‘Flame’, from Citrus Embrapa
Germplasm, affected by BBS were selected, and
samples of lesioned tissues were used for fungal
isolations on potato dextrose agar (PDA) medium.
Then, the isolates were transferred to the oatmeal
agar (OMA) medium in order to enhance the pycnidia
production (ADESEMOYE et al., 2014). The cultures
were incubated in the B.O.D. chamber at 25 + 1 °C
with a 12 h photoperiod. The identification at the
genus level of the isolates was performed through
the characterization of colonies and aspects of the
pycnidia, conidiogenous cells, and conidia; using a
light microscopy (PHILIPS et al., 2013). Aiming to
fulfill Koch’s postulate, two isolates were used for the
pathogenicity tests carried out in healthy grapefruit
‘Duncan’, under growth chamber conditions (26 £ 1
°C with a 12 h photoperiod), using three replicates
per isolate. The inoculations were made using three
culture medium disks (5 mm diameter) containing
fungal mycelium, which were inserted in wounds
previously made on the trunk using cork borer,
allowing the contact between the inoculum and the
wood. The control treatments consisted of sterilized
culture medium disks inserted as described above into
three healthy grapefruits ‘Duncan’. The evaluation of
symptoms began at 7 DAI (days after inoculation)
and stopped after symptoms onset. Isolations were
performed in the plants that showed symptoms.

For species identification of the isolates
associated with BBS, we performed genomic
DNA extraction from aerial mycelium obtained of
monosporic cultures following the CTAB method
(ZOLAN & PUKKILA, 1986). The ribosomal
internal transcribed spacer (ITS) region was amplified
by polymerase chain reaction (PCR), with the primers
ITS1/ITS4 (WHITE et al., 1990). The PCR reaction
was performed in a final volume of 60 pL containing
1 X amplification buffer, 1.5mM of each dNTP, 1.5 mM
MgClL,, 1U of Tag DNA polymerase, 0.2 uM of each
primer, and 30 ng of DNA. Reaction cycles consisted
of an initial denaturation at 94 °C for 2 min, followed
by 40 cycles composed of denaturation at 94 °C for
30 s, annealing at 55 °C for 30 s, extension at 72°C
for 45 s and 5 min at 72 °C for final extension. PCR
products were separated by electrophoresis in 1.5%
(w/v) agarose gel stained with ethidium bromide,
using TBE (Tris-borate-EDTA) 1X buffer. PCR
products were purified by precipitation with ImL of
cold Isopropanol, followed by two washes with ImL
of 80% cold Ethanol, and then resuspended in 50 uL
of ultra-pure water. The purified PCR products were

sequenced following Sanger method at the Instituto
Gongalo Moniz — Fiocruz, BA.

The consensus sequences of the rDNA
ITS region were obtained using the software
SeqAssem  07/2008  <https://www.sequentix.de/
software_seqassem.php>. The sequences generated
in this study were deposited on the GenBank database
(https://www.ncbi.nlm.nih.gov/; accession numbers:
MK948433, MK948523, MK953678, MK953679,
MNO044885,  MNO044886, MNO046791, and
MNO046825). In addition, 26 sequences correspondent
to the identified genus were obtained in the
GenBank database, and the species Diplodia mutila
(Fr.) Mont. was used as outgroup. The sequences
were aligned through multiple alignment ClustalW
(THOMPSON et al., 1994), coupled to software
BioEdit 7.2. (HALL, 1999), and the resulted matrix
was submitted to manual editing. The phylogenetic
analysis based on Maximum Likelihood criterion
(ML) was performed using the software RAXxM
(STAMATAKIS, 2014), adopting the GTR+GAMMA
substitution model and 1000 replications on the
Bootstrap Support (BS). For the Bayesian Inference
(BI), the GTR+I+G substitution model was used,
which was defined according to Akaike Information
Criterion (AIC) through the software jModelTest2
(DARRIBA at al., 2012). The 25% of the initial trees
was discarded as burn-in, the Posterior Probability
(PP) of each clade was estimated, and the majority
consensus tree was generated. Both ML and BI
analyses were executed through the CIPRES platform
(MILLER et al., 2019), and resultant trees were
visualized on the software FigTree v1.4.3 <http://tree.
bio.ed.ac.uk/software/figtree/>.

We recovered eight fungal isolates from
the grapefruit, whose colonies presented a black
abundant aerial mycelium and conidial production.
The conidial dimensions were (18 — 30) x (10 — 15)
pum, with the presence of paraphyses, a morphological
characteristic of Lasiodiplodia spp. (PHILIPS et al.,
2013). All the grapefruit plants used in pathogenicity
tests showed bark scaling on the trunk at 21 DAI
(Figure 1A), and gum exudation at 8 DAI (Figure
1B), which are typical of the BBS. The re-isolations
made from all plants submitted to inoculation assays
showed colonies and spores typical of Lasiodiplodia
spp. (Figure 1D-F). Moreover, the control treatments
did not show any symptom (Figure 1C).

All sequences of the ITS region presented
an approximate length of 550 base pairs (bp). The
phylogenetic analyses provided highly similar
topologies. Thus, the tree inferred from the ML
method was shown. The eight isolates were grouped
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Figure 1 - Symptoms observed after the inoculation of Lasiodiplodia sp. in grapefruit trees ‘Duncan’. A. Trunk lesions
observed at 21 DAI (days after inoculation); B. Gum exudation observed at 8 DAI; C. Non-inoculated plants
without symptoms; D. Colony morphology on PDA medium; E. Mature and immature conidia (blue and white
arrows, respectively) of the isolates recovered from pathogenicity tests, with diameters of (18 — 30) x (10 — 15)
pum (scale bar = 10 pm); F. Pycnidia formed on OMA medium (scale bar = 20 pm); G. Bark scaling and gum
exudation symptoms observed on grapefruits in the field.

in an only clade together with sequences of the The symptoms of trunk canker, dieback

‘ species L. iraniensis Abdollahzadeh, Zare & A.J.L. and gummosis were extensively associated with

b Phillips (KY052971 and KY052956), with BS 72% Lasiodiplodia  theobromae (Pat.) Griffon &
and PP 0.98 (Figure 2). Maubl. (PHILLIPS et al., 2013). Furthermore, by
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Figure 2 - Phylogenetic tree derived from the Maximum Likelihood analysis based on the rDNA ITS sequences of Lasiodiplodia species.
The sequences (Genbank ID’s) generated in this study are in bold. Bootstrap and Posterior Probability values were disposed on
the nodes, respectively. Values below 50% (0.50) were indicated as (--). The species Diplodia mutila was used as outgroup. The

scale bar represents the number of substitutions per site.
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implementing phylogenetic analyses, new species of
the genus have been associated with symptoms related
to L. theobromae (BURGESS et al., 2006). Among
these species, L. iraniensis was firstly described
affecting Citrus sp., Mangifera indica L., Eucalyptus
sp., Salvadora persica L., Juglans sp., and Terminalia
catappa L. (ABDOULLAHZADEH et al., 2010).
In this study, we provide the first evidence that L.
iraniensis can induce BBS symptoms, improving our
comprehension concerning the causal agent involved
in this pathosystem. Until then, this species has been
related to symptoms including gummosis, trunk canker,
and dieback in Tahiti-lemon trees in Oman, United
Arab Emirates, and Mexico (BAUTISTA-CRUZ et al.,
2019), as well as in mandarin trees on Pakistan (AL-
SADI et al., 2013), showing similar symptoms pattern
described for the BBS. Our results showed a consistent
association of a species of the genus Lasiodiplodia with
BBS in grapeftuit, reinforcing the possibility of a fungus
as the causal agent of this important citrus disease.
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