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ABSTRACT: Disease survey study indicated that, root-ret and/or
wilt diseases of mango rootstocks were distributed in all examined
localities of six different governorates of Egypt. The lowest
percentage of natural infection seedling was recorded in El-Giza
governorate while, the lowest percentage of natural infection tree
was recorded in Aswan governorate. On the other hand, the highest
percentage in both natural infection of seedlings and trees was
detected at El-Sharkia governorate. Fourteen fumgal genera were
isolated from naturally infected seedlings and/or trees of mango
rootstocks. The most frequently isolated fungi were Botryodiplodia
theobromae Pat. followed by Fusarium solani (Mart) Sacc. while
Ganoderma sp. was the lowest one. B. theobromae and F. solani were
the most pathogenic fungi compared with Ganoderma sp. which
caused the lowest percentage of infection. Under greenhouse
conditions all the tested rootstocks varieties were susceptible at
different degrees to be infect with the pathogenic fungi. The most
resistance rootstock variety for all tested fungi was SH 1 followed by
Sediek while, G3 was the lowest one.

Key wards: Soil borne fungi, mango rootstocks, root-rot, wilt diseases.

INTRQDUCTION mango is known to suffer from a
Mango (Mangifera indica L.} number of diseases caused by

is comsidered one of e most  different organisms, which affect
important national crop in Egypt different parts of trees, at all stages
and a major item within the of growth and during development.
‘National Food Basket”. The Among them root rot is prevalent
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in almost orchards, capable of

causing significant _damage to’

seedlings, nurseries, stocks and

mature trees. Aithough soii-borne

diseases of mango are relatively
less important than the foliar and
floral diseases, they are still
capable of causing significant
damage to seedlings, stocks and
mature trees (Kore and Mane,
1992; Tsao et al., 1994; Ploetz and
Prakash, 1997, and Abd-
Ghany, 2001). Rots of mango
stocks are considered one of the
most important soil-borne diseases
affecting mango production and
causing great losses in the
nurseries. Several fungi including
Botryodiblodia theobromae Pat.,
Fusarium solani (Mart) Sacc,
Rhizoctonia Kiihn,
- Macrophomina phaseolina (Tassti)
Goid.,  Pestalotia  spp. and
Phytophthora sp. were frequently
isolated from mango rootstock
suffering from root-rot disease in
different parts in the world (Kore
and Patil, 1985; Saxena and
Rawal, 1989; Verma et al, 1991;
Tsao et al., 1994 and Al-Adawi et
al., 2002). In case of Pestalotia sp.

solani

ElL.
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Das (1993) iolated Pestalotia
sapotae from wilted guava trees.
Thus this investigation was
conducted to survey mango roof
rot and/or wilt disease on different
mango rootstocks - cultivars in
governorates, as well as isolation,
purification and identification the
fungal causal organisms. The
pathogenicity test and rootstocks
varietal reactions as well as
differences obtained between B.
theobromae isolates was
studied.

MATERIALS AND
METHODS

1. Survey Studies

also

Mango root rot and/or wilt
diseases survey was carried out
during 1999 and 2000 growing
seasons on different mango
rootstocks  cultivars, grow in
different soil types and irrigation
systems at different districts
belonging to six governorates
namely, El-Sharkia  {Belbies,
Ramsis Company and Inshas (El-
Saraia Orchared)}; El-Ismaelia
{El-Asher Company, 5 group};
Giza  {Horticulture  Research
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Inst.}; Aswan {Aswan Storage,
. Horti. Serves Orchards}; Sohag
{Shandawel}; and El-Behera {El-

Jobaria, Cairc-Alexandria Desert

N,
L LNUGdl1d,

Road}. The survey was conducted
by calculating the percentage of
the discase incidence (root rot
and/or wilt). This was carried out
through counting the number of
infected and non infected mango
(seedlings or trees) in each
governorate. In each orchard
and/or nursery, randomly choices
of 100 tree and/or seedling were
randomly chosen and percentage

of disease incidence, was
calculated.

2. Isolation, Purification and
Identification of  Fungi

Associated with Mango Root
Rot and/or Wilt Diseases

Roots from mango showing
symptoms of root rot or wilt were
collected during survey in different
governorates. Roots were carefully
washed with tap water before
cutting into small pieces then
surface sterilized using 3% sodium
hypochlorite solution for 3 mines.
Pieces were rinsed several times
in sterilized distilled water, dried

kindly
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between two folds of sterilized
filter papers, and transferred,
under aseptic condifions to
sterilized Petri dishes containing
water agar medjum and incubated
at 25 °C for one week. All the
isolated fungi were purified using
either single spore and/or hyphal
tip techniques (Dhingra and
Sinclair, 1985) then sub-culiured
on PDA medium. The isolated
fungi were' identified by the
Survey and Taxonomy of Fungi .
Department, Plant Pathology
Research Institute, Agricultural
Research Center, Giza, Egypt. The
frequencies of the isolated fungi
were calculated separately for each
collected sample. Identification
was based on morphological and
cultural characters according to
Nelson et al., (1983) and Bamnett
and Hunter (1987). '
3. Pathogenicity Test and
Rootstocks Varietal Reactions

3.1 Plants

Five = mango rootstock
varieties, six month old, obtained
from  Agri-El-Satheia
Company, were used in this study.
These varieties and origin were
tabulated in Table 1.
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Table 1: Varieties and their origin used in this study

Variety 131 G SH-1 _ Sokary Sediek
Origin Egyptand  Southern  Local Egypt  Egypt
other countries America collection .
3.2 Soil infestation 4. Differences - Between
Soil infestation was carried Botryodiplodia  theobromae

out using corn meal medium
inoculated with 3 mm. disc each of
the isolated fungi taken from 7
days old cultures. Pots of 25 cm
diameter were sterilized with 5%
formalin solution and leff for a
week for formalin evaporation then
were filled with autoclaved sand
and clay soil (1:1 v/v). The soil
was infested with each fungus
separately at the rate of 5% of soil
weight. The inoculum was
thoroughly mixed with the upper
surface of the soil and irrigated
regularly 7 days before planting to
ensure the distribution of the
fungus. Control treatment was
applied using fungus free com
meal medium. Three mango
seedlings from each variety (six
month old) were cultivated in each
pot and five pots were nsed for
ecach treatment. Plants were
examined for root rot and/or wilt
disease after 60 and 90 days from
inoculation.

Isolates

Experiments were conducted
according to Krupinsky (1983) and
Leavitt and Munnecke (1987) to
determine the differences between
4  representative  isolates of
Botryodiplodia  theobromae Pat.
collected from different
governorates as it also proved to be
the highest pathogenic fungus.

Differentiation  depending on
morphological characteristic,
pigment  production  abilities,

growth on 36 'C and molecular
characterization.

The Code No. of tested
isolates and origin were tabulated
in Table 2.

4,1 Morphological characters

Spores of B. theobromae Pat.
obtained from individual pycnidia
as well as pycnidia were compared
with each other using light and
scanning electron  microscope
(SEM). Differences in length and
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‘width between spores and pycnidia of  isolates, were determiine
" Table 2: Code No. of tested isolates and their origin
Code. No. 1 2 3 4
Origin Giza El-Sharkia Schag Ismaelia
42 Pigment production 4.3.1 DNA extraction

ability and growth rate at 36 °C

The ability of the tested B.
Pat. isolates to
produce red pigments as well as
growth rate at 36 °C were studied.
The inoculated plates with the
tested isolates were incubated at 36
°C in ultra water bath for 7 days.
The tested isolates were examined
for the presence of visible red
pigments. The linear growth was
determined daily for each isolate
by measuring the two dumensions
of growth in each plate and the
mean was estimated from three
replicates. This expeniment was
terminated whenever; the mycelial
growth covered the plate surface of
any treatment.

4.3 Molecular characterization

of diffexjent isolates of the
pathogens

theobromae

The extraction of DNA from
Botryodiplodia theobromae
isolates was preformed according
to the following procedure

Fifty mg of the fungal powder
were used to extract DNA

according to Dellaporta et al
(1983).

4.3.2 Random amplified
polymerphic DNA (RAPD
-PCR)

4.3.2.1 Amplification reaction

mixture
RAPD reactions were

preformed in a total volume of 25
ul containing a !X polymerase
chain reaction (PCR). Reaction
mixture (Promega); 2.5 mM Mg
Cl; 50 uM of each dNTP
{Promega); 0.3 uM of pnmer; 50
ng of genomic DNA; and 5 units
of Tag polymerase. In negative
control distilled deionized water
was used instead of the target
DNA included to test for
contamination. Amplification
conditions of the theruocycler Mi
research model PTC-200 were as
shown in Table 3 for each used
primer.
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4.3.2.2 Electrophoresis and data
analysis

The amplified products and
the DNA marker- DNA Cuul
weight marker XIV, BOHRINGER
MANNHEIM Cat. No. 1 721 933-
(10 ul per tested sample) were
loaded on 1.5% agarose gels,

Preges |
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separated by electrophoresis in, 0.5
x TBE buffer (45 mM Tris-borat
and 1 mM EDTA), stained with
Ethidium bromide and
photpgraphed under UV light
using Herolab gel documentation
system model Mitsubishi.

Table 3: Primer No., Sequence and PCR program

Primer No. Sequence PCR program
P; >, GTAGACCCGT,” 95°C 5min
: 45 cycles of:
Py 5 AAGAGCCCGT 3 95 C 1min
36°C 1min
72°C 2min

Final cycle 72 °C for 5 min

Dendrograms were calculated
using computer soft ware Phoretix
ID advanced (Nonlinear Dynamics
limited- UK).

RESULTS AND
DISCUSSION

of the
Under

Disease
Natural

1.Survey
Incidence
Infection
Results showed clearly that,
typical rootstock rot disease
symptoms were observed in mango
rootstocks examined in the sixth
governorates. Data in Table 4 show
that, percentage of rootstock rot

and/or wilt in seedlings and trees
were higher in 1999 growing season
than in 2000. Percentage of disease
incidence for seedlings in 1999
season, ranged from 2% in El-Giza
governorate to 26.16% in El-
Sharkia governorate, while ranged
from 1.66% to 24% in 2000
growing seasons. On the other
hand, data also revealed that,
rootstock rot disease incidence was
higher in seedlings than in tress of
both tested growing season: It is
also clear that, the highest
percentage of disease incidence in
trees was recorded in El-Sharkia



Tahble 4: Percentage of disease incidence during 1999 and 2000 growing seasons under

natural infection

% Disease incidence during

: Season 1999 Season 2000
Governorate District '
Rootstock Trees wilt Mean Rootstock Trees wilt Mean
rots rots
Belabies 27.33 2333 2533 23.00 20.00 21.50
El-Sharkia Inshas 25.00 20.66 22.83  25.00 18.00 21.50
Mean 26.16 2199 2408 2400 19.00 21.50
Ismaelia  LlAsher 1500 933 1216  14.00 933  11.66
: Company ,
El-Behera:  El-Nobaria 8.00 5.66 6.83 5.66 3.00 4.33
Fl-Giza Abo-Rowash 2.00 6.00 4.00 1.66 6.00 3.83
Sohag Shandawel * 7.00 3.50 * 6.33 3.16
Aswan Aswan Storage * 3.00 1.50 * 2.00 1.00
Mean 1105 1071 9.90 9.24

* Nursery (Rootstocks) free localities.

S00Z (9) 'ON Z€ ‘104 “Sa2y 0143V ‘f 31zvdvg

1981
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governorate, -being (21.99% and
19%, respectively). while, the
lowest percentage of disease
-incidence were recorded In Aswan
(3 and 2%, respectively) and the
rest governorate were intermediate.
Differences i disease incidence
might be attributed to the prevailing
factors in each inspected locality,
soil properties (mechanical
structure, water holding capacity,
chemical components and miicrobial
populations), the behavior of
various pathogens and/or varieties
reaction of cultivated rootstock.
These results were in agreement
with those obtained by (Abd El-
Ghany, 2001 and Baioumy et al,

1.€.

2003).

2.1solation, Purification and
Identification of Fungi
Associated  with Mango
Rootstock Rot and Wilt
Diseases

Isolation from rotted roots of
mango at different localities of
Egypt, revealed the occurrence of
several fungi i.e, Alternaria solani
(Ellis & Martin)  Sorauer.;
Alternaria spp.; Aspergillus spp.;
Botryodiplodia theobromae Pat.;

Tohamy, et al.

Fusarium solani  (Mart.)Sacc.;
Fusarium spp.; Ganoderma sp.;
Macrophomina phaseolina (Tassi)
Goid.; Peniciiiium spp.; Pestalotia
sp.; Phytophthora sp.; Rhizoctonia
solani Kiihn.; Stemphylium sp. and
Trichoderma spp. (Table.5). Most
of these fungal genera were
previously reported to  be
associated with root rot and wilt
disecases of mango in different
countries (Muller, 1940; Nath,
1976; Kore and Patil 1985; Lim
and Khoo, 1985; Rai, 1986, Verma
et al. 1991; Kore and Mane, 1992;
Tsao ef al. 1994 and Al Adawi ef

al. 2002).

Data also showed that, the
highest percentage of  the
frequently isolated fungi was
Botryodiplodia theobromae
followed by Fusarium spp. then
Fusarium solani being 17.02;

16.11 and 13.8%, respectively.
Ganoderma sp. recorded the
lowest percentage (1.38%). The
rest isolates were In between.
These results were in line with
those obtained by Abd El-Ghany
2001 and Baioumy et af, 2003.
Differences between fungi



Table 5: Frequency percentage of the isolated fungi from naturally infected roots of different
mango rootstocks collected from different governorates

Isolated fungi Governorates '
Ei-Sharkia El-Ismaelia El-Giza El-Behera Sohag Aswan Total Total
S. Ts. S. Ts. S. S. Ts. Ts. Ts. S. Ts.
Alternaria solani 138 0.0 1.84 00 092 138 00 092 276 552 368 920
Alternaria spp. 0.92 0.0 046 0.0 046 138 00 092 184 322 276 598
Aspergillus spy. 0.0 0.0 0.0 0.0 046 184 00 138 0.0 23 138 3.68
Fusarium solani 1.38 1.38 1.33 092 3.22 00 184 1.38 2.30 598 7.82 1380
Fusarium spp. 2,76 276 230 230 0.0 00 599 00 0.0 506 11.05 16.11
Botryodiplodic 644 230 138 230 138 00 00 322 00 92 g2 1702
theobromae
Macrophomira 00 00 00 00 00 00 368 00 00 00 368 -8
phaseolina
Phytophthora sp. 0.0 2300 00 00 00 00 00 00 00 0.0 230 230
Pestalotia sp. 1.38 0.0 0.0 0.0 0.0 00 368 0.0 0.0 138 368 506
Rhizoctonia solani 0.0 322 00 138 00 00 230 00 00 00 69 690
Ganoderma sp. 0.0 1.38 0.0 0.0 0.0 00 00 0.0 0.0 0.0 138 138
Penicillium spp. 5.52 0.0 0.0 0.0 0.0 00 00 0.0 0.0 5.52 0.0 552
Trichoderma spp. 2.30 1.38 0.0 0.46 0.0 00 0.0 1.38 0.0 230 322 552
Stemphylium sp. 0.0 2.76 0.0 0.46 046 0.0 00 0.0 0.0 046 322 368
Mean _ ‘ 2208 1748 736 7.82 6.9 46 1749 92 69 4094 5889 99.83
Total 39.56 15:18 6.9 22.09 9.2 6.9 99.83
S: Seedlings , ‘
Ts: Tree - '

S007 (9) "ON T ‘104 “say udy ‘[ S1zo3ng

t981
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frequencics might be due te
variation in soil structure and
properties,  susceptibility  of
rootstocks, rooi exudaies and the
prevailing environmental
circumstances. The highest
percentage of  Botryodiplodia

theobromae (6.44%) was detected
at El-Sharkia governorate followed
by Ismaelia and Giza governorates
recorded 1.38%  while, not
recorded in El-Behera and Aswan
governorates. Data in the same
table revealed that, Macrophomina
phaseolina was only recorded in
samples collected from El- Behera
similar to, Phytophthora sp. that
was only recorded in El-Sharkia
governorate.
3. Pathogenicity  Test
Varietal Reactions
Data in Table 6 indicate that,
B.  theobromae., F. solani.;
Macrophomina  phaseolina.; R.

and

solani.; Pestalotia sp.; Ganoderma
sp. and Phytophthora sp. were able
to infect mango rootstock varietics
cansing  different degrees of
seedling disease incidence. B.
theobromae and F. solani were the
most pathogenic fungi to mango

Tohamy, er al.

rootstocks varieties (5471 and
48.55%, respectively) followed by
R. solani and M. phaseolina being

n .
36.80%  while

3729  an
Ganoderma sp. caused the lowest
percentage of infection being 4.76
%. The rest fungi were in between.
These results are in the same line of
those obtained by Nath (1976);
Kore and Patil (1985); Lim and
Khoo (1985); Verma et al. (1991);
Kore and Mane (1992); Tsao ef al.
(1994); Abd El-Ghany (2001) and
Al-Adaw et al. (2002). Increasing
time after inoculation from 60 to 90
days caused significant increase in
the percentages of infection with
the tested fungi comparing with the
controi.

It 1s also clear that, all the
tested rootstocks varieties were
susceptible to be infect by the
isolated fungi with different
degree. Rootstock var. G was the
most susceptible one, (31.96%)
followed by 13/1 (28.06%) while,
Sediek proved to be the least
affected exhibiting 23.10%. On the
other hand, F. solani was the most
pathogenic fungi against Gi and
Sediek varieties.



Table 6: Effect of isolated fungi on the percentage of disease incidence of some mango rootstock
varieties

Mango rootstock
G, 1371 SH1 Sukary Sediek
Infection percentage after (days)
. 60 90 Mean 60 90 Memm 60 90 Mean 60 90 Mean 60 90 Mean

Fusarium solani 3555 96.55 66.05 2444 60.00 4222 17.77 4864 33.20 28.88 7812 5350 31.11 64.51 47.81 48.55

Isolated fungi Means

Bonryodiplodia 50 oo 4595 5120 28.88 8437 S6.62 28.88 68.75 48.80 46.66 91.66 69.16 4222 5333 4777 5471
theobromae
Macrophoming o 5555 3777 3333 86.66 39.99 26.66 7272 49.69 11.11 20.00 1555 1777 2432 21.04 36.80
Pphaseolina

Phytophthora sp. 6.66 41.42 24.04 444 930 6.87 6.66 714 690 1313 2051 1682 1111 17.50 1430 18.59
Pestalotia spp. 13.33 25.64 1948 13.33 2820 20.76 1333 2564 1948 11.11 25.00 18.05 B8.88 2926 19.07 1936

ﬂ'ﬂ"""i‘ 2222 45.71 33.96 17.77 58.33 3B.05 26.66 66.66 46.66 24.44 41.17 32.80 20.00 50.00 3500 37.29
Ganodermasp,  2.22. 4545 23.83 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 476
Control 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00
Means 1583 48.25 31.96 15.27 4085 28.06 14.99 36.19 2559 1691 3455 2570 1638 2986 23.10 -
LSD value for: at 5% level '

Isolates (I) : 0.38 Varietes (V) : 0.30 Period (P):0.19

Oy :0.86 D (P) £ 0.54 V) (P) :043

O™ @) 122

S00Z (9) "ON Z€ "19A “soy "ou3y [ 3120307

£981
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M. phaseolina was the most
pathogenic fungus against 13/1 and
SHi  variettes.  While, B
theobromae exhibit the same trend
against Sukary rootstock variety.

Data also showed that, SH 1
variety was the most susceptible to
be infect with R. solani, followed
by 13/1 and Sediek, while Sukary
variety was the least one.

Variety 13/1 was highly
susceptible to M phaseolina
followed by SH 1 while, Sukary
was the least one. Similar results
were obtained by Abd El-Hafeez
(1991); Abd El-Ghany (2001) and
Baioumy et al, (2003). Such
differences in susceptibility of
mango rootstoks to root rot and/or
wilt disease might be due to
differences in their genetic make up
(Walker, 1975).

4. Differences Obtained Between

Botryodiplodia theobromae
Pat. Isolates
4.1 Morphological  properties

and microscopic differences

Data in Table 7 and Fig.t
reveal that, there are differences
between isolate No. 2 and 4, 1 and
3 as well as 2 and 4 in length and

Tohamy, et al.

width of pycnidia. Obtained results
indicate also that, pycnidia of
isolate No. 2 was the biggest in
and length followed by
isolates No. 4 and No.l while,
isolate No. 3 was the least one.
Data also indicate that, no
correlation was detected between
pycnidia size and its content from
one or two-celled conidia.
Scanning electron microscope
(SEM) studies indicate that, there
are variations in spore size (width
and length) as well as pycmdia
between Botryodiplodia
theobromae isolates. Stromatic
pycnidia include isolate No.l (El-
Giza isolate) were embedded in
stromatic tissues. On the other
hand, isolate No.2 (El-Sharkia
isolate) produced ostioled pycnidia.
The pycnidia associated together in
groups. Such results were also in
harmony with those obtained by
Hassan (1980) who found that, B.
theobromae isolates obtained from
different hosts varied in the
formation of pycnidia,
pycnidiospores and stroma. Aly ef
al. (2002) obtained similar results
of B. theobromae on grapevine.

width



Table 7: Morphological and microscopical differences between Botryodiplodia th.eobromae

isolates in pycnidia and conidia width and length measured as ()

Conidia
Pycnidia _
B. theobromae One-celled conidia Two-celled conidia
isolates
Width (u) Length (u) Width (u) Length (u) Width (u) Length (w)
Isolate (1) 193.0-287.5 200.0-325.0 = 8-12 12-16 8-12 12-18
Average 214.9 265.0 : 10 14.63 10.27 16.63
Isolata (2) 250.0-375.0 287.5-400.0 8-12 14-16 10-12 17-20
Average 286.0 3392 10.92 15.23 11.47 16.43
Isolate (3) 178.0-226.0 147.0-287.0 8-12 12-16 10-12 16-20
Average 201.6 231.0 10.71 15.30 10.38 17.63
Isclate (4) 262.5-350.0 275.0-350.0 8-10 12-18 10-12 16-20
Average 284.94 295.0 9.10 16.57 10.29 18.29

i

S00T (9) 'ON Z€ 10A “53Y "ou3Yy °f 3uzvdvy

L981
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Fig. 1: Scanning Electron Microscope (SEM) view of Botryodiplodia
theobromae pycnidia

A, Immature pyvenidium, note: ostiole {indicated by arrow).

B. Mature pycnidium of isolate No.2 note, ostioles of
pycnidia and each two pycnidia associated together in one group

C. Undistigushed ostiole and pycnidia formed in stromata of isolate No. |
indicated by arrow.

D. Cross section in mature pycnidium, note: conidia (c) and conidiophore (cp).
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According to the morphological
properties, obtained isolates of B.
theobromae were categorized under
two main groups divided into two
subgroups i.c subgroup 1 include
single and grouped pycnidia and
subgroup 2 include pycnidia in
groups. These information could be
used as a particle properties in
determming taxonomic
relationships among biotypes.
4.2 Red pigments production

and growth rate at 36 °C

Red pigments and growth rate
production of B. theobromae

during growth at 36 °C was one of

the most interesting characters that
used to differentiate between
isolates. Pigments aré produced
during hyphae growth and varied
from white to almost black.

Isolates No. 1 and 2 produced -

black mycelium and isolate No. 3
produced grey mycelium while
isolate No. 4 white mycelium.

Data in Table 8 indicated that
both isolates No. 3 and 4 are able to
produce red soluble pigment in
media and/or myceiium ai 36°C.
Data also indicate that, isolate No.
2 recorded the highest growth at

1869

36°C being 50.54 mm while the
lowest growth was recorded” with
isolate No. 3 and the rest isolates
were intermediate. Results showed
differences in  morphological
characteristics among isolates of B.
theobromae isolated from different
governorates of Egypt. Variation
between isolates was detected in,
rate of mycelial growth at 36°C,
mycelial color and red pigment
production. Leavitt and Munnecke
(1987) and Aly e al, (2002)
classified B. theobromae isolated
from grapevine into two biotypes,
biotype 1 rapidly grow at 36°C,
producing red pigment and the
other biotypes growing slowly at
the same temperature without
producing  red - pigment.
Accordingly Egyptian isolates of B.
theobromae are classified into two
groups or biotypes. Biotype I
include 1solate No. 1 (El-Giza
isolate), and isolate No. 2 (El-
Sharkia isolate) produced black
mycelium. Biotype I include
isolate No. 3 (Sohag isolate) that

3 ‘ I L
produced grey mycelium  while

isolate No. 4 (El-Ismaelia isolate)
produced white mycelium. Both
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production and pycnidia formation

- Table 8 : Effect of incubation at 36 °C on the linear growth (mm), mycelium colour, red pigments

Linear growth (mm) Red pigment
Pycnidia formation
Tested Intervals (days) Mycelium production
isolates : colour In the On the Inthe Onthe
1 2 3 4 5 6 7 Mean Together
media mycelium tip media surfzce
Isolate No. 1  00.00 15.60 33.30 41.00 4860 6530 81.30 40.72 Black - - *
Isolate No.2 0000 14.00 3460 54.30 74.60 86.30 90.00 50.54  Black - + *
Isolate No.3 00.00 11.60 18.30 24.60 33.00 4260 51.60 2595 Gray - + *
2921 white + + b

Isolate No. 4 00.00 10.00 23.30 29.00 34.60 44.00 63.6

+ presence of visible red pigment,.
- No visible red pigiment.

-* Presence of pycnidia.

L S D value at 5,% level for:
Isolate (I:  2.56
Periods (P): 3.38

@ x (P): 6.76
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tsolates No. 3 and 4 (Sohag and
- Ismaeha isolates) were able to
prodnce red pigments in both
medium and/or mycelium at 36 ‘C.
‘Also, biotype I recorded the highest
growth while biotype II recorded
the lowest growth. These results
were in harmony with those
recorded by Douglas Barde and
Hewitt (1965). They found that
some isolates of B. theobromae on
PDA produce pigment in the agar
and on mycelium tip and it
opposites with them in a high
temperature  response to red
pigment production.
4.3 PCR studies

RAPD-PCR primers for each
tested Botryodiblodia theobromae
isolates are shown in Figure 2.
These Figs. reveal that, both used

primers gave different banding

pattern between the tested isolates
of each tested genera.

As shown in Fig.2A primer P3
has the highest ability to flank the

DNA sequences of the four
pathogenic B. theobromae tested
1solaies than primer P4. -

The phylogenic relationship of
B. theobromae isolates based on
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the combined data from Fig.2B
showed that, the four isolates are
divided into three groups, the first
group involved isolate No. 4 and
the second group involved isolate
No. 2 while, the third group is
divided into two subgroups the
first involved isolate No. 1 and the
second involved isolate No. 3.

The geographic isolation of
each biotype of B. theobromae
might be contributed to that
genetic  diversity revealed by
RAPD analysis. This obtained
result concerning classification of
B. theobromae into its biotypes
agree with those obtained by
Tuskan et al., (1990);, Wostemeyer
et al., (1991) and Guthrie et al,
(1992) and Aly et al, (2002).
Accordingly, obtained isolates of
B. theobromae were categorized
under 4 genotypes directly related
to geographical origin using RAPD
method.  These results are
agreement with those obtained by
Moller et al, (1999). According to
these results RAPD-PCR apalysis .
is a simpie and fast technique for
isolates differentiation (Alvarez et
al., 1997 and Huang ef al, 1997)
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Fig. 2. A. Random amplified polymorphic DNA patterns obtained
by amplification of DNA from Botryodiplodia theobromae
isolates by the random primers P3 and P4

B. Linkage dendrogram for Botryodiplodia theobromae
isolates on the basis of combined data of RAPD-PCR
products from the two tested primers
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and might played an important role

for studying genetic vanation

within fungal species that differed
in their geographic distribution and

virulence (Guthrie et al,, 1992).
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