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Abstract Lasiodiplodia theobromae is a plurivorous
pathogen of tropical and subtropical woody and fruit trees.
In 2010, an investigation of mango plantations in Egypt
resulted in the isolation of 26 Lasiodiplodia isolates that,
based on previous reports from literature, were tentatively
identified as L. theobromae. The aim of this study was to
clarify the taxonomy of these isolates based on morphology
and DNA sequence data (ITS and TEF1-α). In addition to L.
theobromae, a new species, namely L. egyptiacae, was
identified. Furthermore, L. pseudotheobromae is also
newly recorded on mango in Egypt. Pathogenicity tests
with all recognised species showed that they are able to
cause dieback disease symptoms on mango seedlings.
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Introduction
Mango (Mangifera indica) is a popular fruit tree in Egypt,
introduced from Bombay, India in 1825, and is cultivated
along the Nile valley and some surrounding desert areas (El
Tomi 1953; Abdalla et al. 2007). Most Egyptian mango
cultivars, such as alphonso, balady, mabroka, pairi, succary
and zebda, are polyembryonic, bearing fruit that are characterised by a sweet and spicy flavour, and low fibre content
(Knight 1993; El-Soukkary et al. 2000). Among the wide
range of destructive fungal pathogens that impact on mango
fruit production are members of the Botryosphaeriaceae
(Johnson 1992). Botryosphaeriaceae is a genus-rich family
in the Dothidiomycetes, containing numerous species with a
cosmopolitan distribution (Crous et al. 2006; Phillips et al.
2008). Some of the genera are important pathogens of fruit
and woody trees causing symptoms such as leaf spot, dieback, stem-end rot, fruit rot and cankers that can result in
tree mortality (Johnson et al. 1991, 1993; Ramos et al. 1991;
Smith et al. 2001; Slippers et al. 2005; Damm et al. 2007).
Most members of the Botryosphaeriaceae have a broad host
range, and have been recognized as successful opportunistic
pathogens that occasionally cause extensive disease symptoms when their plant hosts are subjected to unfavourable
conditions (Johnson 1992; Slippers and Wingfield 2007;
Sakalidis et al. 2011). Various factors play significant roles
in the predisposition of mango trees to attack by members of
Botryosphaeriaceae such as mechanical injuries, mineral
deficiencies and environmental factors (Ramos et al. 1991;
Ploetz et al. 1996a, b).
Lasiodiplodia theobromae, a member of Botryosphaeriaceae, is a cosmopolitan fungus occurring predominantly
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throughout tropical and subtropical regions (Punithalingam
1980; Burgess et al. 2006). It has also been known as a
human pathogen causing keratomycosis and phaeohyphomycosis (Punithalingam 1976; Summerbell et al. 2004), and
as a plant pathogen associated with up to 500 plant hosts
(Punithalingam 1980). The fungus has been reported as
mango pathogen worldwide associated with several plant
disease symptoms including decline, canker and dieback
(Jacobs 2002; Khanzada et al. 2004a, b; Abdollahzadeh et
al. 2010; de Oliveira Costa et al. 2010). In Egypt, the fungus
is well established and has been considered as the main
causal agent of fruit rot, stem-end rot, panicle brown rot
and dieback of mango (Ragab et al. 1971; Abdalla et al.
2003). In addition to mango, it has also been reported to
cause root rot of sugar beet (Abd-El Ghani and Fatouh
2005) and dieback, canker and soft rot of other hosts such
as grapevine (El-Goorani and El Meleigi 1972), walnut
(Haggag et al. 2007), maize (Diab et al. 1984), citrus
(Abo-El-Dahab et al. 1992) and Annona spp. (Haggag and
Nofal 2006) in Egypt. The taxonomic placement of Botryosphaeria rhodina (anamorph L. theobromae) has been complicated by several names associated with this fungus
(Burgess et al. 2006). Punithalingam (1976) reduced several
species (L. nigra, L. triflorae, and L. tubericola) to synonymy under L. theobromae. Subsequent to this treatment,
several studies have led to the identification of cryptic
species within the L. theobromae species complex (Pavlic
et al. 2004, 2008; Burgess et al. 2006; Damm et al. 2007;
Alves et al. 2008; Begoude et al. 2009; Abdollahzadeh et al.
2010). Presently, up to 13 cryptic species are recognised in
the L. theobromae complex.
In recent years molecular DNA-based approaches have
been widely employed in taxonomic studies of the Botryosphaeriaceae (Crous and Groenewald 2005). Several phylogenetic studies have relied on the sequence differences from
the internal transcribed spacer (ITS) region of the rDNA
operon to distinguish species within Botryosphaeriaceae
(Denman et al. 2000, 2003; Alves et al. 2008). However,
ITS sequence data alone can obscure cryptic species diversity and proved to be inadequate to separate closely related
species (de Wet et al. 2003; Slippers et al. 2004a; Slippers
and Wingfield 2007; Marincowitz et al. 2008). Interestingly,
contemporary phylogenetic studies using multiple gene genealogies have increasingly revealed cryptic species in the
L. theobromae complex (Pavlic et al. 2004, 2008; Burgess et
al. 2006; Damm et al. 2007; Alves et al. 2008; Begoude et
al. 2009; Abdollahzadeh et al. 2010).
Little is known of the aetiology of Botryosphaeriaceae
diseases on mango in Egypt. By means of a morphological
and DNA sequence data comparison, the present study
represents the first attempt to characterise the variability
within an Egyptian collection of isolates previously treated
as L. theobromae or Botryodiplodia theobromae.
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Materials and methods
Isolates
In February 2010, a routine survey was conducted in several
areas in Egypt where mango is cultivated. Isolations were
made from fresh symptomatic plant material showing twig
and branch dieback and black lesions on leaves. Initially,
samples were surface sterilised with a diluted potassium
hydroxide solution (5 %) and EtOH (70 %). Approximately
3–5 mm diam pieces of plant material between the healthy
and infected tissues were placed on 2 % Potato-Dextrose
Agar (PDA) supplemented with Streptomycin sulphate
(0.1 g/L−1) and incubated at 25 °C in the dark. Pure cultures
were obtained by hyphal tip excision from the colony
margins on PDA, and subsequent incubation at 25 °C in
the dark. All isolates obtained from mango were deposited
in the collection of the Plant Pathology Research Institute,
Egypt. Representative isolates used for morphological and
molecular studies were also deposited in the collection of
CBS-KNAW Fungal Biodiversity Centre (CBS), Utrecht,
the Netherlands (Table 1).
DNA isolation and amplification
Total genomic DNA was extracted from 8 to 10-day old
cultures using the Ultraclean® Microbial DNA Isolation Kit
(MO–BIO Laboratories, Inc, Carlsbad, USA) according to
the manufacturer’s protocol. The ITS region of the rDNA
operon was amplified using the primers V9G (de Hoog and
Gerrits van den Ende 1998) and ITS4 (White et al. 1990).
Partial sequence of the translation elongation factor 1-alpha
(TEF-1α) gene region was amplified using primers EF1728F (Carbone and Kohn 1999) and EF2 (O’Donnell et al.
1998). For some isolates, the TEF-1α gene region was
amplified using primers EF1-688F and EF1-1251R (Alves
et al. 2008). Each PCR reaction contained a final concentration of 0.5 U/μL of Taq polymerase, 1X buffer 2–2.5 mM
MgCl2 (BIOLINE, San Diego, USA), 0.4–0.6 mM of each
dNTP and 0.12–0.2 μm of each primer made up to a final
volume of 12.5 μL with sterile deionized water. PCR conditions included the following steps: an initial step of denaturation at 95 °C for 5 min, followed by 40 cycles of 95 °C
for 30 s, 52 °C for 30 s and 72 °C for 1 min, with a final
elongation step at 72 °C for 7 min.
Phylogeny
The amplified fragments of the ITS gene region were
sequenced in both directions using internal primers ITS4
and ITS5 (White et al. 1990), whereas the TEF-1α gene
region was sequenced in both directions using the same
primer pairs for amplification. Sequencing reactions were
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Table 1 Botryosphaeriaceae isolates used in the phylogenetic analysis
Species

Isolate no.

Location

Host

Collector

GenBank accession no.b
ITS

Diplodia corticola

D. mutila
Lasiodiplodia
egyptiacae
L. citricola

L. crassispora
L. gilanensis

L. gonubiensis
L. hormozganensis

L. iraniensis
L.mahajangana
L. margaritaceae
L. parva
L. plurivora

CBS 112549d
CBS 112545

Portugal
Spain

Quercus suber
Q. suber

CBS 112546

Spain

Q. ilex

CBS 112553d
CBS 230.30
BOT-10 0 CBS 130992d
BOT-29
IRAN1521C

Portugal
USA
Egypt
Egypt
Iran

V. vinifera
Phoenix dactylifera
M. indica
M. indica
Citrus sp.

IRAN1522C

Iran

Citrus sp.

CMW13488d
WAC12533
IRAN1501C

Venezuela
Australia
Iran

Eucalyptus urophylla
Syzygium album
Unknown

IRAN1523C

Iran

Unknown

CBS 115812d
CMW14078
IRAN1498C

South Africa S. cordatum
South Africa S. cordatum
Iran
Mangifera indica

IRAN1500C

Iran

Olea sp.

IRAN921C
IRAN1517C
CMW27820
CMW27818
CBS 122519
CBS 122065
CBS 356.59
CBS 494.78
CPC4583d

Iran
Iran
Madagascar
Madagascar
Australia
Australia
Sri Lanka
Colombia
South Africa

M. indica
Citrus sp.
Terminalia catappa
T. catappa
Adansonia gibbosa
A. gibbosa
Theobromae cacao
Cassava-field soil
V. vinifera

CPC5803
L. pseudotheobromae CBS 116459d
CMW24700
CMW24699
CMW22667
CBS 121773
IRAN1518C
BOT-1
BOT-13c
BOT-14
BOT-16
BOT-28
BOT-18
BOT-2
BOT-11 0 CBS 130990
BOT-3

South Africa Pinus salicina
Costa Rica Gmelina arborea
China
Eucalyptus sp.

TEF-1α

A. Alves
M.E. Sánchez &
A. Trapero
M.E. Sánchez &
A. Trapero
A.J.L. Phillips
L.L. Huillier
A.M. Ismail
A.M. Ismail
A. Shekari

AY259100 AY573227
AY259089 AY573226

J. Abdollahzadeh &
A. Javadi
S. Mohali
T.I. Burgess & B. Dell
J. Abdollahzadeh &
A. Javadi
J. Abdollahzadeh &
A. Javadi
D. Pavlic
D. Pavlic
J. Abdollahzadeh &
A. Javadi
J. Abdollahzadeh &
A. Javadi
N. Khezrinejad
J. Abdollahzadeh & A. Javadi
Unknown
Unknown
Unknown
Unknown
A. Riggenbach
O. Rangel
F. Halleen

GU945354 GU945340

U. Damm
J. Carranza-Velásquez
M. J. Wingfield &
X. D. Zhou
China
Eucalyptus sp.
M. J. Wingfield &
X. D. Zhou
South Africa Pterocarpus angolensis J. Mehl& J. Roux
Namibia
Acacia mellifera
F.J.J. van der Walt
Iran
Citrus sp.
J. Abdollahzadeh & A. Javadi
Egypt
M. indica
A. M. Ismail
Egypt
M. indica
A. M. Ismail
Egypt
M. indica
A. M. Ismail
Egypt
M. indica
A. M. Ismail
Egypt
M. indica
A. M. Ismail
Egypt
M. indica
A. M. Ismail
Egypt
M. indica
A. M. Ismail
Egypt
M. indica
A. M. Ismail
Egypt
M. indica
A. M. Ismail

AY259090 EU673310
AY259093
DQ458886
JN814397
JN814401
GU945353

AY573219
DQ458869
JN814424
JN814428
GU945339

DQ103552 DQ103559
DQ103550 DQ103557
GU945352 GU945341
GU945351 GU945342
DQ458892 DQ458877
AY639594 DQ103567
GU945356 GU945344
GU945355 GU945343
GU945346
GU945349
FJ900597
FJ900596
EU144050
EU144051
EF622082
EF622084
AY343482

GU945334
GU945337
FJ900643
FJ900642
EU144065
EU144066
EF622062
E 622064
EF445396

EF445362 EF445395
EF622077 EF622057
HQ332192 HQ332208
HQ332191 HQ332207
FJ888471
EU101311
GU973874
JN814375
JN814377
JN814378
JN814379
JN814380
JN814381
JN814382
JN814383
JN814384

FJ888449
EU101356
GU973866
JN814402
JN814404
JN814405
JN814406
JN814407
JN814408
JN814409
JN814410
JN814411
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Table 1 (continued)
Species

L. rubropurpurea
L. theobromae

L. venezuelensis
Phyllosticta
capitalensis
P. citricarpa

Isolate no.

Location

Host

Collector

M. Ismail
M. Ismail
M. Ismail
M. Ismail
M. Ismail
M. Ismail
M. Ismail
M. Ismail
M. Ismail

GenBank accession no.b
ITS

TEF-1α

JN814385
JN814386
JN814387
JN814388
JN814389
JN814390
JN814391
JN814393
JN814394

JN814412
JN814413
JN814414
JN814415
JN814416
JN814417
JN814418
JN814420
JN814421
DQ103572
DQ103573
EF622055
EF622053
EF622054
HQ332210

BOT-17
BOT-12
BOT-24
BOT-26
BOT-27
BOT-22
BOT-15
BOT-25
BOT-21

Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt
Egypt

M. indica
M. indica
M. indica
M. indica
M. indica
M. indica
M. indica
M. indica
M. indica

A.
A.
A.
A.
A.
A.
A.
A.
A.

WAC12536d
WAC12537
CBS 112874
CBS 559.70
CBS 111530
CMW24702

Australia
Australia
South Africa
Unknown
Unknown
China

E. grandis
E. grandis
V. vinifera
Zea mays
Unknown
Eucalyptus sp.

DQ103554
DQ103555
EF622075
EF622073
EF622074
HQ332194

CMW24701

China

Eucalyptus sp.

MUCC709

Australia

BOT-5
BOT-9
BOT-4 0 CBS 130989
BOT-7
BOT-6
BOT-23

Egypt
Egypt
Egypt
Egypt
Egypt
Egypt

Lysiphyllum
cunninghamii
M. indica
M. indica
M. indica
M. indica
M. indica
M. indica

T. I. Burgess & G. Pegg
T. I. Burgess & G. Pegg
F. Halleen
H. A. van der Aa
Unknown
M. J. Wingfield &
X.D. Zhou
M. J. Wingfield &
X.D. Zhou
M. L. Sakalidis
A.M.
A.M.
A.M.
A.M.
A.M.
A.M.

JN814376
JN814392
JN814395
JN814396
JN814399
JN814400

CMW13513d
WAC12540
CBS 115051

Venezuela
Venezuela
Brazil

A. mangium
A. mangium
Spondias mombin

S. Mohali
S. Mohali
K.F. Rodriquez

DQ103549 DQ103570
DQ103548 DQ103569
FJ538325 FJ538383

CBS 102374

Brazil

C. aurantium

Unknown

FJ538313

Ismail
Ismail
Ismail
Ismail
Ismail
Ismail

HQ332193 HQ332209
GU199367 GU199393
JN814403
JN814419
JN814422
JN814423
JN814426
JN814427

FJ538371

CMW 0 culture collection of the Forestry and Agricultural Biotechnology Institute, University of Pretoria, Pretoria, South Africa; CBS 0 CBSKNAW Fungal Biodiversity Centre, Utrecht, the Netherlands; CAA 0 A. Alves, Universidade de Aveiro, Portugal; CAP 0 A.J.L. Phillips, Lisbon,
Portugal. WAC0Department of Agriculture Western Australia, Plant Pathogen Collection; BOT 0 A. M. Ismail, Plant Pathology Research Institute,
Egypt; CPC 0 P.W. Crous working collection, maintained at CBS
a

b

GenBank accession numbers in italics were generated in this study

c

Isolate numbers in bold were selected for pathogenicity test

d

Ex-type cultures

performed using Big Dye terminator sequencing kit v.
3.1 (Perkin-Elmer Applied Bio Systems, Foster City,
CA, USA) following the manufacturer’s instructions
and run using an ABI PRISM™ 3730 DNA automated
sequencer (Perkin-Elmer Applied BioSystems, Foster City,
CA, USA).
The generated sequences were aligned together with other
sequences obtained from GenBank using MAFFT v. 6.0
(Katoh and Toh 2010). The ambiguous sequences of both 5′
and 3′ ends were excluded from the final alignment and the

aligned sequences were manually checked and corrected
where necessary. Nucleotide substitution models were determined for each gene region using MrModel Test v.2.2
(Nylander 2004). The model HKY+G was selected for both
ITS and TEF sequence datasets. Sequences for each gene
region were individually analysed for conflict using 70 %
reciprocal NJ (Neighbour-Joining) bootstrap analysis and the
topology of the resulting trees were compared visually for
inconsistency (Mason-Gamer and Kellogg 1996; Gueidan et
al. 2007).
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Bayesian analyses were performed with MrBayes v. 3.1.1
(Ronquist and Huelsenbeck 2003) using the Markov Chain
Monte Carlo (MCMC) (Larget and Simon 1999) algorithm
to generate trees with Bayesian probability values. Four
chains were run simultaneously from a random tree topology and ended at 1,000,000 generations, and trees were saved
every 100th generation. The burn-in value was graphically
estimated from the likelihood scores and therefore, the first
1,000 trees were discarded from the analysis as the burn-in
phase and the consensus tree was constructed from the
remaining trees. Trees were rooted using Phyllosticta capitalensis (CBS 115051) and P. citricarpa (CBS 102374)
(Glienke et al. 2011).
All the sequence datasets were also analysed to determine
possible phylogenetic relationship among taxa using PAUP
(Phylogenetic Analysis Using Parsimony) v. 4.0b10
(Swofford 2001). Maximum parsimony (MP) tests were
conducted using the heuristic search option with random
stepwise addition using 1,000 replicates, tree bisection and
reconnection (TBR) as branch swapping algorithms, and
random taxon addition sequences for the construction of
maximum parsimony trees. Maxtrees was set to 10,000
branches of zero length were collapsed, and all multiple
equally parsimonious trees were saved. In the analysis, all
characters were unordered and had equal weight; gaps were
treated as missing data. Values calculated for parsimony
included tree length (TL), consistency index (CI), rescaled
consistency index (RC) and the retention index (RI).
Bootstrap support values were evaluated using 1,000 bootstrap replicates (Hillis and Bull 1993). All sequences
generated in this study were deposited in GenBank (Table 1).
The aligned sequences were deposited in TreeBASE
(S12897).
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(1970). Optimal growth temperatures were determined for
each selected isolate on PDA at 10–35 °C in 5 °C intervals
in the dark, with three plates per isolate at each temperature.
Descriptions, nomenclature and illustrations were deposited
in MycoBank (Crous et al. 2004).
Pathogenicity test
Ten isolates representing three species of Lasiodiplodia
(Table 1) were used for pathogenicity trials on mango seedlings cv. “Kensington Pride”. The plants were 3–4-month
old, 40–60 cm tall, and maintained in a greenhouse under
artificial light (10/14 h light-and-dark cycles) at 25±2 °C
and 70–80 % relative humidity (RH). Four plants for each
isolate and the controls were used and arranged in a randomised design. The epidermis of the stem was disinfected
with 70 % ethanol, washed with sterile distilled water and
left to dry. A 5-mm cut was made into the epidermis,
between two nodes and below the apex of the stem. A 5mm diam mycelial PDA plug was removed from the edge of
actively growing cultures, and placed onto the stem wounds,
with the mycelium facing the cambium. The inoculated
wounds were wrapped with Parafilm®, (Laboratory Film,
Chicago, IL, USA) to prevent desiccation and contamination. Control plants were inoculated with sterile PDA
plugs. Six weeks after inoculation the bark lesion lengths
as well as the length of cambium discolouration were
measured to assess the pathogenicity of the tested isolates.
Re-isolation of the tested isolates was done from the
margins of the necrotic lesions on PDA to prove Koch’s
Postulates.

Results
Morphological characterisation
Phylogeny
Sporulation was induced by plating representative isolates
onto 2 % (w/v) water agar with sterilised pine needles
(WAP) and incubated at 25±2 °C under near-ultraviolet
(UV) light for 2 weeks. Plates were observed every 2 days
for the formation of pycnidia. Gross morphological characteristics were determined by mounting fungal structures in
clear lactic acid. Measurements of 50 conidia and at least 30
other fungal structures for each representative isolate were
determined at ×1,000 magnification. Sections were made
through pycnidia using a Leica CM1100 cryostat at −20 °C
and the 10 μm sections were mounted in lactic acid. Gross
morphological characteristics were observed as above. For
the conidia, the 95 % confidence levels were calculated of
30 observations, with extremes given in parentheses. Only
the extremes are indicated for the other fungal structures.
Colony characteristics were determined after 7 days on PDA
in the dark at 25 °C, using the colour charts of Rayner

Amplicons of approx. 570 bp were generated for ITS using
primer pairs ITS5 and ITS4 and approx. 500 bp for TEF-1α
were obtained using the EF1-728F and EF2 primers pairs.
Amplicons of approx. 700 bp was obtained using primers
EF1-688 and EF1-1252. The 70 % reciprocal NJ bootstrap
analysis indicated congruence in the tree topology of both
ITS and TEF-1α trees. The combined data set consisted of
69 taxa including the outgroup taxa composed of 920 characters including gaps, of which 589 were constant, 91 were
variable and parsimony uninformative and 240 were parsimony informative. Maximum parsimony analysis resulted in
one most parsimonious tree (TL01774 steps, CI00.581,
RI00.756, RC00.894) presented in Fig. 1. In this tree, the
Lasiodiplodia-like isolates obtained in this study fell into
four distinct clades. The majority of isolates (BOT-1, BOT2, BOT-3, BOT-11, BOT-12, BOT-13, BOT-14, BOT-15,
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Fig. 1 The most parsimonious trees obtained from the maximum
parsimony analysis using heuristic search with 1,000 random additions
of the combined ITS and TEF-1α sequence alignments. Scale bar

shows ten changes and bootstrap support and Bayesian posterior probability values are indicated at the nodes. The tree was rooted to P.
capitalensis CBS 115051 and P. citricarpa CBS 102374

BOT-16, BOT-17, BOT-18, BOT-21, BOT-22, BOT-24,
BOT-25, BOT-26, BOT-27 and BOT-28) clustered together
in a large clade containing L. pseudotheobromae (CBS
116459, culture ex-type) supported by a bootstrap (BP)
value of 98 and a Bayesian posterior probability (BPP) value
of 1.0. A second well-supported clade (BS/BPP: 76/0.99)

accommodated two Lasiodiplodia-like isolates (CBS 130992
and BOT-29), possibly representing a novel phylogenetic
species. A further six isolates (BOT-4, BOT-5, BOT-6, BOT7, BOT-9 and BOT-23) clustered together with L. theobromae
(CMW 24701, CMW 24702, CBS 111530; Chen et al. 2011),
with low support (BS/BPP: 54/0.58).
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Morphological characterisation
In this study a total of 26 isolates representing species of
Botryosphaeriaceae were obtained from mango trees. Of
these, 12 isolates were obtained from branches, 11 from
leaves and three from twigs. No teleomorph structures were
observed in this study. Based on cultural and conidial characteristics isolates were considered to belong to Lasiodiplodia. All isolates were included in the phylogenetic analysis.
Based on DNA sequence data and conidial morphology
three species were identified which included L. theobromae,
L. pseudotheobromae and a new species which is described
here.
Lasiodiplodia egyptiacae A.M. Ismail, L. Lombard &
Crous, sp. nov. MycoBank MB564516, Fig. 2
Etymology: The name refers to Egypt, the country where
this fungus was collected.
Conidiomata stromatic, pycnidial, produced on WAP
within 12 days, mostly solitary, or aggregated, dark-grey
to black, globose to subglobose, covered with dense mycelium, papillate with centralostiole, conidiomata semiimmersed, becoming erumpent when mature, mostly multiloculate to uni-loculate; wall of two regions: outer region
composed of 5–7 layers of dark brown, thick-walled cells of
textura angularis, followed by an inner region of hyaline,
thin-walled cells of textura angularis. Paraphyses hyaline,
subcylindrical, arising between the conidiogenous cells,
aseptate, wider at base, rounded or slightly swollen at apex,
up to 57 μm long, 2–3 μm wide. Conidiogenous cells
holoblastic, hyaline, thin-walled, cylindrical, sometimes
slightly swollen at the base, with rounded apex, proliferating
percurrently to produce 1–2 min annellations, 5–11×3–
5 μm. Conidia oozing from pycnidia in conidial cirri, initially hyaline, smooth, thick-walled, aseptate, obovoid to
ellipsoid, granular, mostly somewhat tapered at apex, and
rounded at base, becoming brown, 1-septate, with longitudinal striations on the inner surface of the conidia wall due
Fig. 2 Lasiodiplodia
egyptiacae a pycnidia formed
on WAP; b vertical section
through pycnidia; c hyaline,
aseptate paraphyses formed
between conidiogenous cells; d
conidiogenous cells; e hyaline
immature thick-walled conidia;
f dark mature conidia showing
longitudinal striation. Scale
bars: b020 μm; c–f010 μm
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to the melanin deposits, measuring (17–)20–24(−27) ×
(11–)11–12(−13) μm (av. ± SD022±2 μm long, 12±1 μm
wide, L/W ratio02).
Culture characteristics: Colonies on PDA with moderately dense, raised mycelium mat, initially white to smokegrey, turning greenish grey on the surface and greenish grey
in reverse, becoming dark slate-blue with age. Cardinal
temperature requirements for growth; minimum 15 °C, maximum 35 °C, optimum 25 °C.
Specimens examined: Egypt, Sharkia Province, El
Menayar, isolated from M. indica leaf, 2 Feb. 2010, A.M.
Ismail, holotype CBS H-20736, culture ex-type BOT-10 0
CBS 130992; Sharkia Province, El Menayar, isolated from
mango leaf, 2 Feb. 2010, A.M. Ismail, culture BOT-29.
Notes: Lasiodiplodia egyptiacae is phylogenetically
closely related to L. hormozganensis (Abdollahzadeh et al.
2010), but it can be distinguished based on the morphology
of its conidia and paraphyses (Table 2). The conidia of L.
egyptiacae are ovoid to sub-ovoid, whereas those of L.
hormozganensis are ellipsoid to cylindrical. In addition,
paraphyses of L. egyptiacae are aseptate and shorter (up to
57 μm), whilst the paraphyses of L. hormozganensis are 1–
7-septate and longer (up to 83 μm). Furthermore, L. egyptiacae is still distinct from L. citricola and L. parva in terms
of paraphyses morphology. The paraphyses of L. egyptiacae
are aseptate, shorter and narrower (57×2–3 μm) while those
of L. citricola and L. parva are septate, longer and wider
(125×3–4 μm), (105×3–4 μm), respectively (Table 2).
Pathogenicity test
Six weeks after inoculation, all isolates displayed levels of
pathogenicity. Observed symptoms included brown, necrotic bark lesions around the inoculation sites extending upwards and downwards, leading to wilting and drying of the
apical as well as the terminal leaves (Fig. 4). Cracking of the
stem cortex was observed for most of the isolates, and
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Table 2 Morphological comparison of conidia and paraphyses of Lasiodiplodia spp.
Identity

L.
L.
L.
L.
L.

egyptiacae
citricola
crassispora
gilanensis
gonubiensis

L. hormozganensis
L. iraniensis
L.mahajangana
L. margaritaceae
L. parva
L. plurivora
L. pseudotheobromae
L. rubropurpurea
L. theobromae
L. venezuelensis

Conidial size (av. μm)

L/w ratio

Paraphyses (μm)

References

Length

Width

Septation

22×12
24.5×15.4
28.8×16
31×16.6
33.8×17.3

1.8
1.6
1.8
1.9
1.9

57
125
45.7
95
70

2–3
3–4
2.7
2–4
4

Aseptate
Septate
Septate
Septate
Aseptate

This study
Abdollahzadeh et al. (2010)
Burgess et al. (2006)
Abdollahzadeh et al. (2010)
Pavlic et al. (2004)

21.5×12.5
20.7×13
17.5×11.5
15.3×11.4
20.2×11.5
29.6×15.6
28×16
26.7×12.3
28.2×14.6
26.2×14.2
23.7×13.3
28.4×13.5

1.7
1.6
1.4
1.3
1.8
1.9
1.7
2.1
1.9
1.9
1.7
2.1

83
127
43
37.1
105
130
58
52
42.4
55
44
28.3

2–4
2–4
3
2.2
3–4
2–5
3–4
2–3
2.6
3–4
2–3
3.5

Septate
Septate
Aseptate
Septate
Septate
Septate
Aseptate
Aseptate
Aseptate
Septate
Septate
Septate

Abdollahzadeh et al. (2010)
Abdollahzadeh et al. (2010)
Begoude et al. (2009)
Pavlic et al. (2008)
Alves et al. (2008)
Damm et al. (2007)
Alves et al. (2008)
This study
Burgess et al. (2006)
Alves et al. (2008)
This study
Burgess et al. (2006)

fungal structures (stromatic pycnidia and mycelium) developed on the necrotic lesions around the inoculation sites.
Under the outer cortex, necrotic xylem vessels and brown
discolouration extended along the length of the stems
(Fig. 4). Symptoms observed on the control plants could
be due to wound reaction as no Lasiodiplodia was isolated.
There was a significant difference (p<0.05) in the lesions
produced by Lasiodiplodia isolates compared to control
lesions. Isolates BOT-11 and BOT-28 (L. pseudotheobromae) developed the longest bark (av. 63.3 mm and 62.6 mm,
respectively) and cambium (av. 64.1 mm and 63.6 mm,
respectively) lesions, followed by isolate BOT-4 (L. theobromae), which produced a bark lesion of av. 56.5 mm and
cambium lesion of av. 60.7 mm in length (Fig. 3). These
three isolates were the only to induce dieback symptoms
Fig. 3 Mean lengths (mm) of
log-transformed bark and
cambium lesions 6 weeks after
inoculation on mango plants
cv. Kensington Pride with four
species of Lasiodiplodia. Bars
above columns are the standard
error of the mean of bark and
cambium lesions lengths

similar to those observed during the survey (Fig. 4). Isolates
CBS 130992 and BOT-29 (L. egyptiacae) produced smaller
lesions (av. 38.8 mm and 35.1 mm, respectively), however,
still longer than the controls (av. 25.8 mm).

Discussion
Three species of Lasiodiplodia associated with dieback and
leaf lesions of mango trees were identified in the present
study. These were L. theobromae, L. pseudotheobromae
and the newly described L. egyptiacae. The latter new
species is distinguished from other species of Lasiodiplodia
based on morphological characters and phylogenetic
inference.

Lasiodiplodia species associated with die back disease of mango

Fig. 4 Results of the pathogenicity trial. a Black necrosis and cracks
developing around the inoculation sites; b necrosis and brown
discolouration of the cambium tissues extended up and down from
the inoculation point; c typical dieback symptoms of mango seedling
4-weeks after stem inoculation; d mycelial growth on the necrotic
tissues of a dead twig after complete defoliation of the apical leaves

Morphological characteristics combined with ITS and
TEF1-α sequence data enabled us to separate L. egyptiacae
from the other Lasiodiplodia species. Several authors have
in the past relied on DNA sequence data (ITS and TEF1-α)
and morphological characteristics to separate species in this
genus, namely conidia (shape, dimensions and septation),
paraphyses (size and septation) culture morphology, and
cardinal temperature requirements for growth (Pavlic et al.
2004; Burgess et al. 2006; Damm et al. 2007; Alves et al.
2008; Abdollahzadeh et al. 2010). Although morphological
characters can overlap (Charles 1970; Pennycook and
Samuels 1985; Slippers et al. 2004a; Kim et al. 2005;
Abdollahzadeh et al. 2010), they are still useful complimentary features when combined with DNA phylogeny to distinguish new species in the Botryosphaeriaceae. Therefore,
using morphological features as discriminatory criteria
alone should be done with care. In the present study, the
shape and length of paraphyses were used to differentiate L.
egyptiacae from the phylogenetically closely related species
such as L. hormozganensis, L. parva and L. citricola.
Burgess et al. (2006) relied on the septation of paraphyses
to discriminate between Lasiodiplodia spp. and indicated
that L. gonubiensis, L. venezuelensis and L. crassispora
have septate paraphyses, whereas in other species they were
aseptate. Damm et al. (2007) were able to distinguish L.
plurivora from L. crassispora and L. venezuelensis based on
dimensions of their paraphyses. This was also followed by
Abdollahzadeh et al. (2010) to distinguish L. gilanensis
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from L. plurivora, and L. hormozganensis from L. parva
and L. citricola.
Culture characteristics have also played an important role
in distinguishing Lasiodiplodia species. Alves et al. (2008)
discriminated L. parva and L. pseudotheobromae from L.
theobromae based on the production of a pink pigment in
culture. In contrast, the findings of Abdollahzadeh et al.
(2010) revealed that L. theobromae and other Lasiodiplodia
species with the exception of L. hormozganensis, produced
a pink pigment on PDA at 35 °C. In the present study, only
L. theobromae produced a dark pink pigment in PDA after
2 days at 35 °C, with the colour becoming darker with age.
Moreover, L. pseudotheobromae was the only species that
could grow at 10 °C, which is in agreement with the observations made by Alves et al. (2008), and in contrast to the
study of Abdollahzadeh et al. (2010) who reported that all
Lasiodiplodia species could grow at this temperature.
The phylogenetic inferences based on multiple gene
sequences have played an important role in delimiting species in the genus Lasiodiplodia. In this study, combined ITS
and TEF-1α sequence data allowed us to better characterise
a new cryptic species within the L. theobromae species
complex, described here as L. egyptiacae. Based on the
phylogeny, the new species was distinct from L. hormozganensis and morphological characters reinforced this conclusion. In a first attempt to discover new cryptic species of
Lasiodiplodia, Pavlic et al. (2004) were able to distinguish
L. gonubiensis from L. theobromae based on the original
description of L. theobromae (Patouillard and De Lagerheim
1892; Clendinin 1896), along with ITS sequence data. Due
to the absence of the herbarium specimens and cultures, the
authors relied on the available data in the literature to
discriminate between the two species. Several studies have
confirmed that using a single gene region is insufficient to
delimit cryptic species in Botryosphaeriaceae (de Wet et al.
2003; Slippers et al. 2004a, b) and therefore, to resolve
species boundaries in the genus Lasiodiplodia, more than
one gene region is required (Alves et al. 2008; Abdollahzadeh
et al. 2010).
DNA sequence data and morphological comparisons
were able to delimit L. pseudotheobromae from a collection
of Lasiodiplodia-like isolates previously treated as L. theobromae. The distribution and host range of L. pseudotheobromae is poorly understood (Begoude et al. 2009). Alves et
al. (2008) proposed that this fungus had a narrow host range,
which included Rosa spp. in the Netherlands, Gmelina
arborea and Acacia mangium in Costa Rica, Coffea sp. in
Democratic Republic of Congo and Citrus aurantium in
Suriname. However, recent studies have demonstrated that
the host range of L. pseudotheobromae should be expanded
to include Terminalia catappa in Cameron, South Africa
and Madagascar (Begoude et al. 2009), and M. indica in
Western Australia (Sakalidis et al. 2011) and Citrus sp. in
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Iran (Abdollahzadeh et al. 2010). In addition, Zhao et al.
(2010) recently reported L. pseudotheobromae on Mangifera sylvatica and on other tropical and subtropical trees in
China. This study represents the first report of L. pseudotheobromae on mango in Egypt associated with severe twig
and branch dieback, leading to tree mortality. In Egypt, L.
theobromae was the second most dominant species isolated
during the survey with mango trees showing symptoms of
twig and branch dieback. This fungus has a cosmopolitan
distribution occurring on a broad spectrum of woody plant
hosts, especially in temperate climates (Punithalingam
1980; Burgess et al. 2006; Begoude et al. 2009). In addition
to Egypt, this fungus is a well-known mango pathogen
associated with gummosis, twig and branch dieback and
decline around the world (Jacobs 2002; Al Adawi et al.
2003; Khanzada et al. 2004a, b; Abdollahzadeh et al.
2010; de Oliveira Costa et al. 2010).
Results of the pathogenicity trial revealed that of the three
species tested, L. pseudotheobromae and strains representing L. theobromae were the most virulent on mango.
Although previous pathogenic studies have been conducted
using L. theobromae isolates (Ragab et al. 1971; Khanzada
et al. 2004a; Sakalidis et al. 2011), little information is
available on the virulence of L. pseudotheobromae. Pathogenicity results revealed that some isolates of L. pseudotheobromae were more virulent than L. theobromae on
mango. The importance of L. pseudotheobromae has been
overlooked in the past, as it was treated as L. theobromae
(Begoude et al. 2009). Therefore, the expansion in host
range of this fungus, and its importance as a pathogen of
mango should be taken in consideration when establishing
control strategies.
All isolates of Lasiodiplodia in this study were able to
spread asymptomatically through the internal tissues above
and below points of inoculation resulting in brown to black
discolouration of vascular tissues. Previous studies (Ramos
et al. 1991; Ploetz et al. 1996a; Khanzada et al. 2004a)
support these findings, namely that inoculation of mango
plants with Lasiodiplodia species can manifest various external and internal symptoms such as bark necrosis, vascular
discolouration, defoliation, apical dieback and gummosis.
However, no gummosis was observed in the present study.
The upward and downward progress inside the apparently
healthy tissues along the mango stem can reflect the
well-known endophytic nature of these fungi (Ploetz
2004; Ploetz et al. 1996a; Slippers and Wingfield
2007). Hence, the external and internal symptoms that
developed after inoculation reveal the capacity of recognised species to cause disease and to spread rapidly
through the vascular tissues even if their hosts are not
subjected to stress.
Lasiodiplodia egyptiacae has been isolated at low frequency from plant material showing brown to black leaf
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lesions and branch dieback. Limited information is available
regarding its ecology and distribution in mango plantations
in Egypt, and whether it possibly originates from alternative
hosts in close proximity to the surveyed mango plantations.
However, the ability of the newly described species to cause
lesions on mango reveals that it could pose a potential threat
to mango plantations elsewhere. Further surveys from different geographical areas and additional pathological studies
are required to determine its potential threat to the Egyptian
mango industry.
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