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ABSTRACT: Mango branches and twigs of seedlings and/ or trees
showing typical die-back symptoms were collected from mango
orchards in three Egyptian governorates. Botryodiplodia theobromae
Pat., Was the most frequently isolated fungus B. theobromae, caused
typical die-back symptoms on mango seedlings, branches and twigs.

The growth characteristics and the pigment production in vitro
tested at 36°C did not distinguish the differences between the three
B. theobromae isolates.

While, there were obvious differences between the three isolates
of B. theobromae, revealed by both SEM (scanning electron
microscope) and RAPD-PCR investigations. The dendogram of
RAPD-PCR classified two of the obtained isolates (Ne 1&2) in one
group, and the isolate (N 3) in another group.

The present study suggest that, B. theobromae classification still
need more advanced studies on the molecular levels to elucidate the
diversity of this specie.

Key words: Botryodiplodia theobromae, pigment production, growing on
36°C, RAPD-PCR, SEM, mango trees and seedlings.

INTRODUCTION et al, 2003). The typical

symptoms of the disease were
attacked

Various  discases described by various workers
1998).

mango trees (Khurana,
Mango die-back disease caused by
Botryodiplodia theobromae Pat.,
one of the serious diseases that
significantly reduced the fruit yield
(Ahmed et al., 1996 and Al Adawi

(Ramos er al., 1997 and Al Adawi
et al., 2003).

Several powerful biochemical
techniques that has long been used
by geneticists to study the
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population genetics of plant
pathology. These techniques such
as Random amplified polymorphic
DNA (RAPD-PCR) are now being
used to scttle analyze genetic
variability between isolates of
pathogenic fungi (Singh and Singh
1994).

Traditional technique might be
not accurate to differentiate
between isolates either moleculary
or morphologically. It had been
reported “that RAPD-PCR is
accurate method to differentiate
genetic  structure between the
isolates of the pathogenic fungi
(Almeida et al., 2003; Jana et al.,

2003; Fernandez et al, 2006;
Purkayastha et al, 2006 and
Aboshosha et al,  2007).

Morphologically, it has been stated
that spore surface of fungi might
be different from one isolate to
another (Hassan, 1980).

The present work was aimed to
study the following points:

1. Isolate, identify and pathogenic
capability of various
Botryodiplodia theobromae
isolated from mango die-back
branches and twigs.

differentiate
surface of

and
the

2. Evaluate
between
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pycnidium and conidio spores
of three Botryodiplodia
theobromae  isolates, using
scanning electron microscope
(SEM)

3. Find out the degree of genetic
homology of Botryodiplodia
theobromae isolates through
RAPD-PCR investigation.

MATERIALS AND
METHODS

Isolation, Purification and
Identification of Botryodiplodia
theobromae Isolates from
Diseased Mango Die-back
Branches and Twigs

Samples of mango branches and
twigs of seedling and/or trees
exhibited die-back typical
symptoms as shown in Fig. 1, were
collected from three mango
production locations at El-Ismaelia
(El-Kantara shark), Cairo (Ahmed
Orabby) and Giza (Nekla).
Isolation was conducted as
described by Khurana (1998) and
Al-Adawi et  al (2003),
purification was done using single
spore isolate as mentioned by Kiet
(1915). Identification was carried
out according to Barnett and
Hunter (1998) as well as Khurana
(1998).
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Fig. 1. (A) Typical symptomé f die-bac on mao secdlinls‘ gfov&h
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in nurseries: notice, drying of twigs from tip downward (B)
symptoms on mango tree in open field: notice, different stages
of infection on individual tree

Pathogenicity Tests

The pathogenic capabilities of
the Botryodiplodia theobromae
isolates was carried out according
to (Khanzada et al. 2004).

between
theobromae

Variations
Botryodiplodia
Pat. Isolates

To determine the differences
between 3 representative isolates
of Botryodiplodia theobromae Pat.
Collected from three locations in
Egypt, morphological characteristics,

pigment production and the ability
to grow on 36°C tests were
conducted according to Krupinsky
(1983) and Leavitt and Munnecke
(1987).

Pigment production and the
ability to growth at 36°C

The ability of the isolated B.
theobromae Pat, isolates Ne 1, 2
and Ne 3 to produce red pigments
as well as growth rate at 36°C were
studied. The inoculated plates with
the tested isolates were examined
for the presence of visible red
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pigment. The linear growth were
determined daily for each iosolate
by measuring the two dimensions
of growth in each plate and the
mean was estimated from the three
replicates. This experimentes was
terminated whenever the mycelial
growth coverd the plate surface of
any treatment.

Morphology of pycenidial
surface and conidio spores

Spores of B. theobromae Pat,
isolates Ne 1, 2 and Ne 3 obtained
from individual pycnidia as well as
conidio spores were compared
with each other using scanning
electron microscope (SEM unit, at
Agric. Fac., Ain Shams Univ,,
Egypt). Differences in length and
width  between  spores and
pycnidia, also the presence of
stromata and ostioles of pycnidia
were also recorded.

Molecular characterization of
different isolates

The DNA extraction and the
PCR reactions were preformed in
the central lab., Plant Pathology
research institute, ARC, Egypt.

DNA extraction

The selected Botryodiplodia
theobromae isolates were cultured
in 100ml  Erlenmeyer-flasks
containing 20 ml Czapek's medium
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for 5 days using a rotary shaker
(30°C, 150 rpm). The mycelium
was collected by filtration and
ground to fine powder in liquid
N2. Hundred milligram of the °
ground mycelium was extracted
using CTAB method (Chen and
Ronald 1999). DNA concentration
were evaluated by the method
described by Moeller et al. (1992).

Random amplified polymorphic
DNA (RAPD-PCR)

According to Messner et al.
(1994) PCR’s were carried out
with the aid of three arbitrary 10-
base primers P1 5!
AAGAGCCCGT '3, P2 &
AACGCGCAAC '3 and P3
5'GTAGACCCGT 3. PCR
amplifications were performed in
50 pL volumes containing lunit
Taq DNA polymerase (sigma)
dNTP mix (0.2 mM each of RAPD
analysis- PCR conditions and
separation of RAPD-PCR
fragments were done dCTP, dGPT,
dATP and dTTP); 20 mM Tris-
HCI (pH 8.4); 50 mM MgCl ; 0.5
mM primer and 15-20 ng of
genomic DNA. Amplification was
performed in a thermalcycler (MJ
research PTC200) PCR was
programmed with a first cycle at
92°C for 4 min, followed by 35
cycles at 92°C for 2 min, 36°C for
1.5 min and 72°C for 2 min with a
final extension at 72°C for 3 min.
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The PCR product were resolved
by electrophoresis on 1.5%
agarose gel in 0.5 X Tris- Borate-
EDTA (TBE) buffer, at 100 V for
3 h. Gels were stained with
ethidium bromide and
photographed under UV light
using Herolab gel documentation
system model Mididoc (Herolab,
Germany).

RESULTS AND
DISCUSSION

Isolation, Purification and
Identification of Botryodiplodia
theobromae Isolates from
Diseased Mango Die-back
Branches and Twigs

Isolation trails from diseased
branches and twigs of mango at
three growing locations in Egypt
yielded Botryodiplodia theobromae.
isolates Data showed that,
Botryodiplodia theobromae was
the most frequent isolated fungus
not only from infected seedling but
also from infected trees, (4.63 and
12.36). Data also showed that
samples from the trees of El-
Ismaelia governorate yielded the
highest percentage of
Botryodiplodia theobromae
(15.3%) followed by El-Giza
(12.6%) and. lastly Cairo (9.2%).
Similar observations have been
previously reported by (Ahmed et
al., 1996; Ploetz et al., 1996;
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Ramos et al., 1997 and Al Adawi
et al. 2003).

Pathogenicity Tests

Result of pathogenicity testes of
the isolated  Botryodiplodia
theobromae isolates (Ne 1, 2 and 3)
proved  that,  Botryodiplodia
theobromae isolates (Ne 1, 2 and 3)
were  pathogenic to mango
seedlings. Data in Table 1 indicate
that, Botryodiplodia theobromae
isolates exhibited typical symptons
of die-back disease (Savant and
Raut, 2000). 1t is also clear from
data in  Table 1 that,
Botryodiplodia theobromae isolate
Ne3 was the most pathogenic
fungus followed by Ne 2 and Nel
(73, 70 and 66mm average length
of necrotic part, respectively).

Variations between Botryodiplodia
theobromae Isolates

No differences were obtained
between the tested Botryodiplodia
theobromae isolates neither in its
ability to produce red pigments in
the agar culture media nor its
growth rate at 36°C. On the other
hand, data in Table 2 and Fig. 2
reveal that, there are structural
differences in the formation of
stromata, and the presence of the
ostiole. The stromata was
observed only in isolate No. 3
while the ostiole, observed only in
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Table 1. Pathogenicity of different fungal isolates to mango seedling,
28 days after inoculation

Tested isolates No. No.tested  average length of

tested  plants necrotic part in
plants with die-back mm.

Botryodiplodia theobromae 6 40 66.0

isolate Nel

Botryodiplodia theobromae 6 4.0 70.0

isolate Ne2

Botryodiplodia theobromae 6 5.0 73.0

isolate Ne3

Isolate Ne 1 (Cairo), isolate Ne 2 (El-Giza), isolate Ne 3 (El-Ismaelia)

Table 2. Differences in measurements of pycnidial and conidia length
as well as width of B.theobroma isolates

B. theobromae Pycnidia Conidia
Isolates  \idth(um) Length(um) Width(um) Length(um)
103.57- 117.86 159.09-179.54  9.54-10.23  17..05-17..27

Isolate Ne 1
solate (113.96) (168.386) (9.66) (17.18)
103.57-117.86 117.17- 127.85 9.37-1094  15.62-17.19
Isolate Ne 2
| (113.96) (123.96) (9.94) (16.10)
' 128- 152 160-192 781-12.50  14.06-18.9
Isolate Ne 3
(140) (191.72) (10.155) (16.66)
LSDmeanat ., 6.92 0.533 0.529

5% level
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isolates Ne. 2 and 3. Such results

was in harmony with those
obtained by Hassan (1980) who
found that Botryodiplodia
theobromae isolates obtained from
different hosts varied in the
formation of pycnidia,

pycnidiospores and stroma. Aly et
al. (2002) obtained similar results
with B. theobromae on grapevine
as well as Tohamy et al. (2005)
and Alves et al. (2008) on mango.

Genetic Variations among B.
theobromae Isolates

The genetic variations among 3
isolates of B. theobromae were
analyzed using three different
primers (P1 5' AAGAGCCCGT '3,
P2 5" AACGCGCAAC '3 and P3
5' GTA GAC CCG T '3). The used
RAPD fragment pattern (Fig. 3)
revealed high degree of similarity
between B. theobromae isolates. It
is also clear from Fig. 4 which
represented  phylogenetic  tree
contracted from data obtained from
the three tested primers which
divided the three isolates into two
groups, the first one contained B.
theobromae the isolates A2 land 2
with a 88% homology between
them, while the second group

761

contained B. theobromae isolate Ne
3 with a 75% homology to the first .
group. This study also showed
that, there is  considerable
genotypic variability among the
Egyptian isolates of
Botryodiplodia theobromae
obtained from different isolation
localities. The obtained data is in
harmony with those recently found
by Alves et al. (2008).

Conclusion

It might be concluded that both
isolates (Nes 1 and 2) are progeny
of the same isolate since they had
88% genetic relation. While isolate
Ne 3 differ from the above
mentioned isolates but, share them
with similarity of 75%.

In brief, although our work
indicated that, the three examined
Botryodiplodia theobromae
isolates are similar by
morphological examinations and
pigment production, however,
using more accurate methods
detecting that, the three tested
isolates were differed using
RAPD-PCR and SEM .It was easy
to indicate some differences in
pycnidial and conidial surface.
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FIE:. Z. Scanning Electron Microscope
$S M) view  “al Batl:[vodwl ia
Tieobromae isolates A, Tmmature
p}fcmdm_m. of isolate No.1 note, ostioles
0 Bycmdla are undistin uished and
each two pycnidia associated together
in one group and the conidia release
through pycnidium fruition as shown
in . B. fig. 2. C&D Immature
pyenidium of ~ isolate No.,2 note,
pycnidia single and ostioles of pycnidia
are distinguished indicated by arrows.
fig. 2. E & F, ostiolated pycnidia of
isolate No.3 note, pycnidia formed on
stromata _indicated by arrows (fig 2f).
fiz. 2 G: conidia of Botryodiplodia
theobromae
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Fig. 3. DNA banding patterns from random amplified polymorphic
DNA analysis of Botryodiplodia theobromae isolates (B. th 1,
B. th 2 and B. th 3) primed by three arbitrary 10-base
primers (P1, P2 and P3). Lane M is a 150 Kb DNA
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Fig. 4. The genetic variations among 3 isolates of B. theobromae
isolated from different regions in Egypt. The Phylogenetic
tree constructed from the combined RAPD-PCR data
generated from the primers P1 5' AAGAGCCCGT '3, P2 5'
AACGCGCAAC '3and P35' GTAGACCCGT"3



REFERENCES

Aboshosha, S.S., S.I. Atta Alla,
AE. Fl-Korany and E. El-
Argawy. 2007. Characterization
of Macrophomina phaseolina
isolates affecting sunflower
growth in El-Behera governorate,
Egypt. International Journal of
Agriculture & Biology, 9(6):
807-815.

Ahmed, 1., A. Mhmoud, K. Majeed
and A. Saleem. 1996. Evolution
of various fungicides against
die-back disease caused by
Diplodia theobromae in mango
Pak. J. of Phytopath., 7 (2) :
208-209

Al Adawi, A.O., M.L. Deadman,
A K. Al Rawahi, A.J. Khan and
Y.M. AlMagbali. 2003.
Diplodia theobromae
associated with sudden decline
of mango in the Sultanate of
Oman. Plant pathology: 52 (3):
419-419.

Almeida, A., R. Abdelnoor, C.
Arias, V. Carvalho, D. Filho, S.
Marin, S. Benato, M. Pinto and
C. Carvalho. 2003. Genotypic
diversity among  Brazilian
isolates of  Macrophomina
phaseolina revealed by RAPD.
Fitopathol. Bras., 28:279-85.

Shalaby, M.S.

Alves, A., P.W. Crous, A. Correia
and A.J.L. Phillips. 2008.
Morphological and molecular
data reveal cryptic speciation in
Lasiodiplodia theobromae.
Fungal Diversity 28: 1-13.

Aly, AZ., MRA. Tohamy,
MMM. Attia, H.A. Elshimy
and M.A.M. Kamhawy. 2002.
Grape vine twigs tip Die-back
disease in EGYPT. Egypt J.
Phytopathology 30: 45-56.

Barnett, H.L. and B.B. Hunter.
1998. Illustrated genera of the
imperfect  fungi.  Burgess
Publishing Company,
Minneapolis, Minn., USA, 4"
Ed., 218 pp.

Chen D.H. and P.C. Ronald. 1999.
A Rapid DNA Minipreparation
Method Suitable for AFLP and
Other PCR Applications. Plant
Mol. Biol. Rep. 17: 53-57.

Fernandez, R.B., A.De. Santiago,
S.H. Delgado and N.M. Perez.
2006.  Characterization  of
Mexican and non-Mexican
isolates of  Macrophomina
phaseolina based on
morphological characteristics,
pathogenicity on bean seed and
endoglucanase gene, J. PL
Path., 88:1.



Zagazig . Agric. Res., Vol. 35 No .(4) 2008

Jana, T.K., T.R. Sharma, R.D.
Prasad and D.K. Arora. 2003.
Molecular characterization of
Macrophomina phaseolina and
Fusarium species by using a
single primer RAPD technique.
Microbiol. Res., 158:249-57.

Khanzada, M.A., A. Lodhi and S.
Shahzad. 2004. Pathogenicity
of lasiodiplodia theobromae
and Fusarium solani on mango.
Pak. J. Bot., 36: 181-189.

Khurana, S.M. 1998. Pathological
Problems of Economic Crop
Plants and Their Management.
Vedams eBooks (P) Ltd. India
pp. 215-230.

Kiet, M.M. 1915. Single technique
for isolating single spore strains
of certain types of fungi.
Phytobath., 5,266 — 269.

Krupinsky, J.M. 1983. Variation in
virulence of Botryodiplodia
hypodermia to Ulmus pumila.
Phytopathology, 73, 108-110.

Leavitt, G.M. and D.E. Munnecke.
1987. The occurrence
distribution of Botryodiplodia
Theobromae on grapes (Vitis
uinifera L) in California.
Phytopathology, 77:1690 Abst.

Meah, M.B. 1993. Mode of
infection of mango stem-end rot
pathogen Botryodiplodia

765

theobromae. Bangladesh J. Bot.
22 (1): 21-27. |

Messner, R., H. Prillinger, F.
Altmann, K. Kopandic, K.
Wimmer, O. Molnar and F.
Weigang. 1994. Molecular
characterization and application
of random amplified polymorph
DNA analysis of Markia and
Sterigmatomyces species. Intl.
J. Sys. Bacteriol., 44: 694-703

Moeller, EM., G. Bahnweg, H.
Sandermann and H.H. Geiger.
1992. A simple and efficient
protocol for isolation of high
molecular weight DNA from
filamentous fungi, fruit bodies
and infected plant tissue.
Nucleic Acid Res., 20: 6115-
6116.

Ploetz, R.C., D. Benscher, A.
Vazquez, A. Colls, J. Nagel and
B.  Schaffer. 1996. A
reexamination  of  mango
decline in Florida. Plant Dis.
80:664-668.

Purkayastha, S., B. Kaur, N.
Dilbadhi and A. Chaudthury.
2006.  Characterization  of
Macrophomina phaseolin, the
charcoal rot pathogen of cluster
bean, using conventual
technique and PCR-based
molecular markers. Pl. Pathol.,
55:106-16.



766 Shalaby, M.S.

Ramos, L.J., T.L. Davenport, RT. Singh, P. and U.S. Singh. 1994.
McMillan, Jr. and S.P. Lara. Molecular methods in plant
1997. The resistance of mango pathology. Lewis Press Inc,

(Mangifera indica) cultivars to CRC Boca Raton, London,
tip dieback disease in Florida. Tokyo pp.58

Plant Dis, 81:509-514.

Savant, N.V. and S.P, Raut, 2000, opemy.  MRA, - MAM.

Studies on symptomatology of Kamhawy, AZ. Aly a_nd
die-back of mango stone E.A M. Hassan. 2005. Studies

graftsN GRAFTS. Acta Hort. on soil borne, fungi of mango
(ISHS)  509:823-832  http:/ rootstocks in Egypt. Zagazig J.
www.actahort.org/books/509/5 Agric. Res., 32: 1855-1367.
09_98.htm.

gall (@ sal Guasall @ g gl G adod g gy kb <N e 8 bl
raa A gadlall el

g..nhi G.elu dadea
G5 daaly - Sadd zuy fu’é — dsaliN) AU agxa

Jana B o310 o sk () a3 A GHA Oyl sl pals
1iea £l ) o3 Gl o) (e . od paY) 038 (e baaly aa ) Cigall e siagg ¢
o) s p gt L st g1 gy Sl (e Adlinall <N Jad) Ly as AR5 oAl il
G et g £ B0 Allen cilis gan o3 Cya Glajall Vg Adlaall sailall cladl g
Crfba G ) Cgall (el dadaly (el Lgle AL gailall cBlidg sl
Al La ) (40S5) 3 5l (e daal) o alEY & Ay paa cilliblaa EDA B gailal
(oA o shaial)

Cre JOall V1SS il pladl 58) (IS a9 g badent g ST b ) JJad) il i
Adlaa) hlial



Zagazig J. Agric. Res., Vol. 35 No .(4) 2008 767

g CulS o g i L plnd o gyl AdliAal) @Y jall of (g gtad) b JLGA) & el
sl allg o aa gl Cigall el 4 all Gal 2V slas) o o S 0

A gt L plint g gy ol AGVRY N Sal) o Lagd 4B G lad Bae Cy sl
TN da o salll o) Al o gl ead) ddpall gl e ol Bk 08 g g
F S g Saal) ATy A gl al a4l de U Al Jeal
e ldaal) Al gmiial) adsdt! Sealuciall o jalill Jolis aladiuly i s guaball 3 5S0)
Lg3sill paaall

i o) ang ad P A o salll g sl gl LA of il i
. p gt G glon g T phill (gale Juaadiall alisall i jall (o 43,000 (e LSS
GBAY) (ary gy ) gombal) (g SN CagSin g Saall aladiialy pandl o
) LaS L ADN Y Jend) Logadii A dgid g8 adl ol g i) 4 U 4y alial
(5990 pamand! ddeloall dyi gunidinll adadll Jeulusiall o palal) Joli JLGAN ol s
O sana ) Lgale Juoaial) ABbdal) Y jal) asedi Y Ao golill g el aacdill g
At gana b ABIEN At jall AT Laly odal g 45 gata (B Yo\ B ALY AS5 Eyay
L A

Aals (B JIoke pgsd Lagludsn s shill il of g of oSa Jualily
il sl £ ol g gl Ay sl Lo slont) Jlaa b oala clud 3 el ol ) 5 aS
. paay kil 132 £ o





