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ABSTRACT

Thirty three Macrophomina phaseolina isolates were recovered from different regions where sunflower was grown in El-
Behera governorate during the 2003 and 2004 growing seasons. Housh Eisa and Abo El-Matameer were the most affected
regions as 33.3% and 30.3% of the total isolates were recovered, respectively. This was followed by Etay El-Barood, where
12.1% of the isolates were recovered. Occurrence of M. phaseolina in rest of the surveyed regions i.e., El-Dalangat, Kafr El-
Dawar and El-Mahmoudia was less than 10%. The recovered M. phaseolina isolates were characterized for pathogenicity,
colony phenotype, protein banding pattern and the random amplified polymorphic DNA (RAPD). All the recovered isolates
were pathogenic to both of the tested sunflower cultivars, H11-008 and H11-009, in the pathogenicity test. However, 27.8% of
the isolates (combined data) were identified as highly, 28.1% intermediately and 44.1% lowly pathogenic phenotype. Five
color phenotypes and six growth patterns were recognized on PDA, Czapek-Dox and Chlorate media. These were white, grey,
black, dark green and brown colony color phenotypes; grey being the most frequent (30.3%). Colony growth patterns
recognized were the dense, light, sparse dense, sparse, restricted and shy growth; dense being the most frequent (40.3%).
Eleven isolates i.e., 33.3% of the total 33 M. phaseolina isolates analyzed, were Chlorate sensitive, while rest were Chlorate
resistant. All the isolates showed the expression of 8 - 100 kDa polypeptides with 78.4% mean content and exhibited 6 - 20
polypeptide bands in this kDa range with 34.5% of the isolates were differentiated with unique bands. At the higher 101 - 300
kDa protein analysis, 27.4 - 51.3% of the isolates only contained polypeptides of this kDa range with little variation (2 - 6
bands) and less differentiation (6.7 - 21.7%). Moreover RAPD-PCR analysis using eight random oligonucleotide primers
revealed DNA fingerprints 2 - 9 bands ranging from 350bp to 3kbp. However, no variations were revealed for number of
bands between isolates with primers OPS-16 or OPA-2, while more variations were revealed with OPA-1, OPA-4, OPA-5,
OPA-8, OPA-13 and OPR-14 primers. The stem type of M. phaseolina isolates exhibited higher pathogenicity as revealed
from size of the lesions incited, plant death and plant head reduction in the pathogenicity tests as compared to the root type of
isolates showing these values as 6.1 cm, 37.9% and 37.4%. However, no distinct colony phenotype or protein banding pattern
was linked to any of the both types of isolates or even any of the high, intermediate and the low pathogenic phenotypes.
However, the RAPD-PCR phylogenetic analysis did not reveal known genetic entities for the stem type and the root type of
isolates, since it did revealed two clusters for the high pathogenic isolates and the low pathogenic isolates in the Dendrogram
of the tested M. phaseolina isolates.
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INTRODUCTION

Sunflower (Helianthus annuus L.) is an oilseed crop
characterized with its short growing period, high yield
potential, wide range of growing season, low water
requirements, wide adaptability to soil condition and its high
content (over 40%) of good edible oil (Weiss, 2000).
Production of sunflower in Egypt was about 1627 tons in
the year 2005, where El-Behera governorate was a major
area for sunflower cultivation (Dept. Statistics, Ministry
Agric., FEl-Giza, Egypt). Unfortunately, Sunflower is
subjected to be attacked with a variety of fungal pathogens,
which affect its yield and its oil quality (Sangawan et al.,
2005). Macrophomina phaseolina (Tassi) Goid., is the most
fungal pathogens affecting sunflower in Egypt and
worldwide and causing the charcoal-rot disease, not only on
sunflower but also on more than 500 plant species

throughout the world (Purkayastha et al., 2006). Currently,
the binomial nomenclature of Macrophomina phaseolina is
applied to both the microsclerotial and pycnidial anamorphs,
however the microsclerotial phase is the one predominantly
observed worldwide (Dhingra & Sinclair, 1978). Different
synonyms have been ascribed to the fungus Macrophomina
phaseolina (Tassi). This including Macrophomina phaseoli
(Maubl.) Ashby, Macrophoma conchoci Swada, Sclerotium
bataticola Taub., and Rhizoctonia bataticola (Taub.)
(Mihail, 1992). Although, only one species is recognized
within the genus (Mihail & Taylor, 1995), great variability
in morphology and pathogenicity was recognized among
isolates from different host species and between isolates
from different parts of the same plant (Fernandez et al.,
2006). Efforts were made to characterize the fungus
population in different parts of the world. This was based on
its pathogenic variability (Karunanithi et al., 1999), the
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morphological characteristics (Fernandez et al., 2006), as
well as the molecular characteristics (Almeida et al., 2003;
Jana et al., 2003; Purkayastha et al., 2006). However, little
is known about characteristics of Macrophomina phaseolina
population in Egypt. The present study, therefore was
conducted to reveal characteristics of the fungus population
occurring in El-Behera governorate, which is a major area
for sunflower cultivation in Egypt. This was for a better
understanding of the population structure of the fungus and
its epidemiology in the region.

MATERIALS AND METHODS

Occurrence of M. phaseolina on sunflower in El-Behera
governorate. In the two successive seasons of 2003 and
2004, six different regions, where sunflower was grown in
El-Behera governorate were surveyed for occurrence of the
charcoal-rot disease caused by M. phaseolina isolates. The
surveyed regions were Housh Eisa, Abo El-Matameer, Etay
El-Barood, El-Dalangat, EI-Mahmoudia and Kafr El-Dawar.
Disecased plants were collected, wherever detected
throughout the two growing seasons.

Isolation and identification of M. phaseolina isolates.
Diseased stem and root samples were washed thoroughly
with running tap water, air dried and cut into small pieces.
Small infected portions were surface sterilized with 2%
sodium hypochlorite solution for 2 min, rinsed in sterilized
distilled water, dried in sterilized filter paper and plated on
PDA. Inoculated plates were then incubated at 28 + 2°C in
darkness for 5 days and investigated for M. phaseolina
colonies. Hyphal tips or single microsclerotium were
obtained and transferred to fresh acidified PDA plates.
Developed colonies were identified according to Dhingra
and Sinclair (1978) and Barnett and Hunter (1987) and
maintained on PDA slants.

Pathogenicity and pathogenic variability of the
recovered M. phaseolina isolates. Pathogenicity and
pathogenic variability tests were conducted on two
susceptible sunflower cultivars to charcoal-rot disease
(Aboshosha, unpublished data). The tested cultivars were
H118-008 (HO8) and H118-009 (H09). Seeds of the tested
cultivars were obtained from Seed Department, Ministry of
Agriculture, El-Giza, Egypt. Seeds were surface disinfested
with 2% sodium hypochlorite, rinsed in sterile distilled
water and sown in 25-cm plastic pots filled with autoclaved
clay and sand (1:1, v:v). Four replicate pots each was sown
with two seeds of the tested sunflower cvs. were prepared
for each tested isolate. Plants were watered as needed and
treated according to the normal agricultural practices. The
60-days-old plants were stem inoculated with the tested
isolates in the second internode using the stem-tape
inoculation technique of Zazzerini and Tosi (1989). Ten
days after inoculation, developed lesions were measured in
cm as the longitudinal bark necrosis below and above the
site of inoculation. Percentage of plant death and percentage
of reduction in plant head size were also determined 21 days
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after inoculation according to El-Deeb et al. (1985). Re-
isolation was conducted to insure the association of the
tested isolates with the developed disease.

Colony phenotypes of the recovered M. phaseolina
isolates. All the recovered M. phaseolina isolates were
characterized for colony colour and growth pattern on
Potato Dextrose Agar (PDA) and Czapek-Dox Agar (CD)
media (Booth, 1971) as well as on the Chlorate selective
medium (Pearson et al., 1986). Plates of the different media
were inoculated with mycelia discs (0.5 mm in diameter)
taken from the advancing margin of 7-days-old PDA culture
of the tested isolates. Five replicate plates were prepared for
each isolate on each medium and incubated at 28 + 2°C for
seven days in darkness. The developed colonies were
characterized for the colony phenotype and the growth
pattern according to Pearson et al. (1986) and Atiq et al.
(2001).

Molecular Characterization of the Recovered M.
Pphaseolina Isolates

a. Protein analysis. All the recovered M. phaseolina
isolates were grown on 25 mL of potato dextrose broth at 28
+ 2°C in darkness for 7 days. Mycelial mats were harvested
by filtering through Whatman No.1 filter paper, washed
with 0.1 M phosphate buffer (pH 7), vacuum dried, frozen at
-20°C and extracted for soluble protein as described by
Howard and Brown (2001). Protein extracts were then
electrophoretic run with standard protein marker on
polyacrylamide gel (12.5%) using Laemmli method of the
sodium dodecyl sulphate (SDS) discontinuous system
(Laemmli, 1970). Gels were stained according to Hames
and Rickwood (1990). Banding patterns were scanned with
Video Copy Processor P65E (Appligene). Quantitative
determination of the resolved protein polypeptide content of
bands was carried out using the Molecular Dynamic Image
Quant V3.3 Program (Appligene) according to El-Agamy
(2000). All chemicals were Bio-Rad products, USA.

b. DNA analysis. Four M. phaseolina isolates representing
the stem and root type of isolates and the most high and low
pathogenic isolates in each group were analyzed for DNA
banding pattern.

- Genomic DNA extraction. Isolates were grown on potato
dextrose broth for 10 days at 28 + 2°C in darkness. Mycelial
mats were harvested by filtration using filter paper No. 1.
Then, DNA was extracted using the hexadecyltrimethyl
ammonium bromide method according to Murray and
Thompson (1980). Concentration and purity of the obtained
DNA were determined and adjusted using the standard
methodology of Sambrook et al. (1989).

- Random amplified polymorphic DNA (RAPD). DNA
from M. phaseolina isolates was amplified by the RAPD
methods (Williams et al., 1990) using eight random
oligonucleotide primers shown in (Table I). Amplification
was conducted in a Thermocycler (Eppendorf, Germany)
programmed for 35 cycles. The entire reaction mixtures
were loaded on 1.5% agarose gel and amplified DNA
fragments were resolved by electrophoresis and stained by
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Table 1. Primers used in the present study and their
nucleotide sequence

Primers Nucleotide Sequence
1- OPA- 1 5 CAGGCCCTTC 3
2- OPA-2 5 TGCCGAGCTG 3
3- OPA- 4 5 AATCGGGCTG 3
4- OPA-5 5 AGGGGTCTTG 3
5- OPA- 8 5 GTGACGTAGG 3
6- OPA-13 5 CAGCACCCAC3
7- OPS-16 5 AGGGGGTTCC 3
8- OPR-14 5 CCAGCCGAAC 3

ethidium bromide and photographed under UV light (302)
according to Jana et al. (2003). All chemicals were Bio-Rad
products.

c. Phylogenetic analysis. Bands pattern of DNA developed
in the RAPD-PCR analysis were scored visually for each
tested isolate. Dendrogram of the phylogenetic relationship
was produced using the software program "Statistica version
5.0" according to (Rholf, 2000).

Statitical analysis. The obtained data were statistically
analyzed using the American SAS/STAT Software, version
6 and means were compared by the least significant
difference test (LSD).

RESULTS

1- Occurrence of M. phaseolina on sunflower in El-
Behera governorate. A total of 33 isolates of M.
phaseolina were recovered from sunflower plants showed
charcoal-rot symptoms in six regions surveyed in El-Behera
governorate. The most affected region was Housh Eisa as
11 isolate were recovered, which constituted 33.3% of the
total isolates recovered. This was followed by Abo El-
Matameer, where 10 isolates were made i.e., 30.3% of the
total isolates recovered. Four more isolates were made from
Etay El-Barood and three isolates from each of El-Dalangat
and Kafr El-Dawar, which constituted 12.1%, 9.0% and
9.0% of the total isolates for these regions, respectively. El-
Mahmoudia region, however showed the least disease
incidence as only tow isolates were recovered i.e., 6.0% of
the total isolates recovered (Fig. 1 & Table II).

In the 2003 first season, thirteen M. phaseolina
isolates were recovered from the collected diseased samples
six of which were occurring on stem samples, while seven
were occurring on diseased roots. In the second season
(2004), twenty more isolates were made. Eight of which
were occurring on affected stem samples, while twelve
isolates were occurring on affected root samples (Table II).
2- Pathogenicity and pathogenic variability of the
recovered M. phaseolina isolates. All the recovered M.
phaseolina isolates tested were pathogenic to both of the
tested sunflower cvs. ie, H11-008 (HO8) and H11-009
(H09) as incited stem lesions ranged between 2.9 ¢cm and
19.7 cm in the pathogenicity test (Table III). Meantime,
mean lesions size incited by stem isolates was 7.1 cm
compared to 6.1 cm for the root isolates. Also, isolates were
variable in their ability to cause plant death. That was in the
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range of 0% - 100% of the non-inoculated control on the
tested cvs. with total means of 48.6% and 37.9% for the
stem and the root isolates, respectively. Isolates were also
variable to cause reduction in head diameter of the
sunflower plants. This ranged between 4.1% and 77.6% of
the non-inoculated control on the tested cvs. with means of
442% and 37.4% for the stem and the root isolates,
respectively (Table III).

Almost 35.8% of the total (33) M. phaseolina
recovered isolates were classified as highly pathogenic (>
75% aggressiveness) to cause plant death on the tested
sunflower cvs. with means of 42.8% and 28.9% for the stem
and the root isolates, respectively (Table IV). On the other
hand, 48.4% of the isolates were low pathogenic (< 25%
aggressiveness) with means of 46.4% for the stem isolates
and 50.5% for the root isolates. The intermediate pathogenic
isolates (<75% ->25% aggressiveness) were as low as
15.8% of the total isolates with means of 10.7% and 21.0%
for the stem and the root isolates, respectively. However,
only 19.8% of the total M. phaseolina isolate tested were
highly pathogenic to caused >75% reduction in plant head
size with means of 10.7% and 28.9% for the stem isolates
and the root isolates, respectively. Also, 40.4% of the
isolates were intermediate pathogenic with means of 57.1%
for the stem isolates and 23.6% for the root isolates, while
39.7% of the isolates were low pathogenic with means of
32.1% and 47.3% for the stem and the root isolates,
respectively (Table IV).

3- Colony Characteristics
Pphaseolina Isolates

a. Colour phenotypes. Colour phenotype of the
recovered isolates of M. phaseolina were variable on the
different media tested (Table V & Fig. 2). Colonies were
mostly grey, dark green, black, or brown for the tested
fourteen stem isolates in frequencies of 4, 3, 5, 1 on PDA
and 4, 5, 2, 2 on Czapek-Dox Agar (CD), for the previous
colour phenotypes, respectively. The white colony
phenotype, however was represented by only one isolate on
each of the two tested media. The same colony colour
phenotypes were revealed for the root isolates, however the
grey colony phenotype constituted 7 out of the 19 isolates
tested on PDA followed by 4 isolates for both the dark
green and the black colony phenotype. On the CD medium,
six isolates were of black colonies out of the 19 root isolates
tested. This was followed by 5 isolates of the brown colony
phenotype, 4 of dark green and 3 of the grey colony
phenotype. The white colony phenotype was represented by
only two isolates on PDA and one isolate on CD. The
Chlorate selective medium however did not reveal much
variation as the isolates were mostly either white or grey in
almost equal frequencies with only one isolate of the black
phenotype in each of the stem and the root M. phaseolina
isolates (Table V).

b.  Growth pattern phenotypes. Most of M. phaseolina
developed colonies of the tested isolates were either dense,
light dense, or sparse dense on the different media tested

of the Recovered M.
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Table II. Occurrence of Macrophomina phaseolina isolates on sunflower stem and root samples, showed charcoal
rot symptoms, collected from different localities in El-Behera governorate during the 2003 and 2004 growing
seasons

Season Plant Housh Abo Etay El- Kafr El- Total
Part Eisa El-Matameer El-Barood Dalangat El-Dawar Mahmoudia

2003 Stem 3 1 - 1 - 1 6 13
Root 3 2 1 - 1 - 7

2004 Stem 1 3 1 1 2 - 8 20
Root 4 4 2 1 - 1 12

Total 11 10 4 3 3 2 33

% of occurrence™® 33.3% 30.3% 12.1% 9.0% 9.0% 6.0%

*= number of isolates recovered from this region/ Total number of isolates made x 100.

Plant Part= plant part from which the isolates were recovered.

Table II1. Pathogenicity and pathogenic variability of Macrophomina phaseolina isolates, recovered from sunflower
stem and root samples collected from different fields in El-Behera governorate during 2003 and 2004 growing
seasons, and tested on sunflower cv. H11-008 (H08) and cv. H11-009 (H09) in pot experiment

Season Plant part No. of isolates Lesion Size (cm)! % Plant Death? 25Head Diameter Reduction®
tested HO08 H09 M HO08 H09 M HO08 H09 M
2003 Stem 6 9.48 8.40 8.94 50.00 66.66 58.33 44.81 53.08 48.94
2004 Stem 8 6.01 4.66 533 37.50 40.62 39.06 39.12 39.80 39.46
Mean 7.74 6.53 7.1a 43.75 53.64 48.60a 41.96 46.44 44.20a
2003 Root 7 6.31 7.85 7.08 46.42 42.85 44.64 43.65 37.84 40.74
2004 Root 12 5.53 491 522 37.50 25.00 31.25 37.10 31.06 34.08
Mean 5.92 6.83 6.1a 41.95 33.92 37.90a 40.37 34.45 37.40a
Control (non-inoculated) 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00

Eight replicate plants were inoculated with each tested isolate. M = mean * measured 10 days after inoculation. 2, estimated 21 days after inoculation of the
non-inoculated control, inoculation was conducted in 60-day-old plants. Means in each single column sharing the same letter are not significantly different
at 0.5 of probability

Table IV. Pathogenic variability of Macrophomina phaseolina isolates recovered from diseased sunflower stem and
root samples collected from different fields in El-Behera governorate and tested on cv. H11-008 (H08) and cv. H11-

009 (H09) of sunflower in pot experiment

Isolates tested Number of Sunflower % Plant Death' % Head Diameter Reduction?
isolates tested  cvs. H I L H I L
>75 <75->25 <25 >75 <75->25 <25
N %* N % N % N % N % N %
Stem isolates 14 HO8 5 35.7 2 142 7 50.0 2 14.2 8 57.1 4 28.5
14 H09 7 50.0 1 7.1 6 42.8 1 7.1 8 57.1 5 35.7
Mean % 42.8a 10.7b 464 a 10.7b 57.1a 32.1b
Root isolates 19 HO8 6 31.5 5 263 8 42.1 6 31.5 5 26.3 8 42.1
19 H09 5 26.3 3 157 11 57.8 5 26.3 4 21.0 10 52.6
Mean % 289b 21.0a 50.5a 289a 23.6b 473 a
35.8 15.8 48.4 19.8 40.4 39.7

N=number of isolates. !, 2estimated 21 days after inoculation of the non-inoculated control, inoculation was conducted in 60-day-old plants. *calculated of
the total stem type or root type of isolates tested. Means in each column followed by different letters are significantly different at 0.5 of probability.

(Fig. 2). The sparse growth phenotype was represented by
only one stem isolate on each of the PDA and CD media
and by two root isolates on PDA. However, on the Chlorate
medium, the sparse, the restricted and the shy phenotypes
were more frequent and constituted the Chlorate sensitive
phenotype, which represented by 6 and 5 isolates of the
stem and root isolates tested, respectively. The Dense, light
dense and sparse dense phenotypes on the Chlorate medium
constituted the Chlorate resistant phenotype and were
represented with 8 and 14 isolates of the stem type and the
root type of isolates tested, respectively (Table V).

4- Molecular Characteristics of the Recovered M.
Pphaseolina Isolates

a.  Protein analysis. All the 33 analyzed isolates showed
polypeptides bands in 8-100 kilo Dalton (kDa) range (Fig. 3
& Table VI). This was 6 - 18 bands for stem isolates and 9 -
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20 bands for root isolates with 74.0 £ 23.4% mean
polypeptide content for the stem isolates and 82.8 = 9.9%
for the root isolates. Meantime, 34.5% of the total isolates
showed unique bands in this kDa range i.e., isolates with
single different distinct bands.

At the 101-200 kDa, occurrence of polypeptides of
this molecular weight was 51.3% of the total 33 recovered
isolates with little number of bands of 2 - 4 for stem isolates
and 2 - 6 for root isolates. Isolates with unique bands of this
kDa range constituted 21.7% of the total isolates analyzed.
The mean polypeptide contents of the developed bands were
almost equal being 12.9% for the stem and the root isolates.
However, occurrence of the higher 201 - 300 kDa
polypeptides was the least as only 27.4% of the total 33
isolates tested showed polypeptide bands (1 - 3) in this kDa
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Table V. Frequency of colony phenotypes of Macrophomina phaseolina isolates recovered from sunflower stem and
root samples, showed charcoal rot symptoms, collected from different fields in El-Behera governorate and tested on
different media

Isolates tested Number Colour phenotype Growth pattern
of isolates tested Media w G DG Br Bl D L SD S R SH
Stem isolates 14 PDA 1* 4 3 1 5 6 5 2 1 - -
14 CD 1 4 5 2 2 3 7 3 1 - -
14 Chl 6 5 - - 1 5 2 1 1 3 2
Mean % 19.0 30.9 19.0 7.1 19.0 333 333 14.2 7.1 7.1 4.7
Root isolates 19 PDA 2 7 4 2 4 7 9 1 2 - -
19 CD 1 3 4 5 6 9 6 4 - - -
19 Chl 8 7 - - 1 11 2 1 - 2 3
Mean % 19.2 29.8 14.0 122 192 47.3 29.8 10.5 35 35 52

19.1 30.3 16.5 9.6 19.1 40.3 31.5 12.3 5.3 5.3 4.9
W=white G=grey DG=dark green Br=brown Bl=black D=dense LD=lightdense SD= dense in a sparse pattern. S= sparse or feathery
growth. R= restricted growth. SH= shy, i.e. no growth was occurred. CD=Czapek-Dox Agar, Chl.= Chlorate selective medium, the sparse, restricted and
shy growth patterns were considered Chlorate sensitive while the dense, light, and sparse dense were considered Chlorate resistant. *= number of isolates
of this phenotype. -= on isolates of this phenotype

Table VI. Protein analysis of Macrophomina phaseolina isolates recovered from diseased sunflower stem and root
samples collected from different fields in El-Behera governorate and analyzed at different molecular weight of
polypeptides

Isolates No. Molecular weight (kDa)
tested 8-100 101-200 201-300

%l %IUB NB %P %l %IUB NB %P %l %IUB NB %P
Stem isolates 14 100 42.8 6-18 74.0£23.4 50.0 219 2-4 129449 28.5 7.79 1-3 9.1 £1.8
Root isolates 19 100 26.3 9-20 82.8 £9.9 52.6 21.5 2-6 12.9+£2.7 26.3 5.74 1-2 8.1£6.7
Mean 100 34.5 6-20 78.4 51.3 21.7 2-6 129 274 6.76 1-3 8.6

No= total number of isolates tested. kDa= kilo Dalton. %]I= percentage of isolates showed polypeptide bands at this kDa. range. %IUB= percentage of
isolates showed unique bands at this kDa range of the total number of analyzed isolates, unique bands are distinct bands linked to certain isolates. NB=
number of bands appeared at this kDa range. %P= mean percentage of the polypeptide content of the developed bands of the total protein content of the
isolate

Table VII. DNA banding pattern of Macrophomina phaseolina isolates recovered from sunflower stem and root
samples collected from different fields in El-Behera governorate and analyzed with the random amplified
polymorphic DNA through PCR using eight random oligonucleotide primers

Isolates Isolate Primers
tested code No. OPS-16 OPA-2 OPA-4 OPA-5 OPA-13 OPA-1 OPA-8 OPR-14
Stem 9 2 5 5 6 6 4 5 4
1 2 5 7 8 5 6 2 3
Root 18 2 5 5 6 6 9 4 2
30 2 5 7 8 5 6 3 5
M.R.* 2 5 5-7 6-8 5-6 4-9 2-5 2-5

* mean range

Table VIII. Phenotypes of the high, intermediate, and low pathogenic isolates of Macrophomina phaseolina
recovered from diseased sunflower stem and root samples collected from different fields in El-Behera governorate
and analyzed for colony characteristics on PDA and for their molecular characteristics at different molecular
weights of protein polypeptides

Isolates P. Colony Characteristics Molecular Characteristics'
tested No. Colour Groth pattern Number of polypeptide Bands % Mean polypeptides content
W G BI DG Br D SD L S 8-100 101-200  201-300 8-100 101- 200 201-300
Stem H 5 * 2 2 - - 3 - 2 - 6-18 0-4 0-2 902+11.7 204+2.0  74**
isolates I 4 - 1 - - 3 3 - - 1 6-14 0-3 0-3 86.7+13.6 123+45 6.7+34
L 5 - 12 2 - - 2 3 - 10-14 0-4 0-1 83.8+133 109+34  12%*
Root H 3 - 2 1 - - 1 1 1 - 12-20 0-2 0-1 88.1+£9.0 143+2.1  9.3%*
isolates I 9 2 2 3 1 1 4 - 5 - 9-20 0-5 0-2 874+118 124+27 93+6.1
L 7 - 3 2 1 2 - 3 2 10-19 0-6 0-1 7794329 155+19  6.8*%*
Total 33 3 11 9 5 5 13 3 14 3

P..= pathogenicity, calculated as the mean aggressiveness in the pathogenicity test. H= high pathogenic i.e. > 75 aggressiveness. I= intermediate
pathogenic i.e. <75->25 aggressiveness. L= low pathogenic i.e. <25 aggressiveness. No.= number of isolates tested W= white G=grey DG= dark green
Bl=black Br=brown D=dense L= light dens SD= dense in a sparse pattern ~ S= light growth in a sparse or feathery pattern *= number of isolates
detected of this phenotype. -= on isolates of this phenotype were detected. **= single isolate. 'analyzed at three polypeptide molecular weights, i e. 8-
100, 101-200, and 201-300 kilo Dalton
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range with 6.76% of the isolates showed unique bands.
Percentage of the polypeptide content of the developed
bands was 9.1 + 1.8% and 8.1 + 6.7% for the stem and the
root isolates, respectively (Table VI).

b. DNA analysis. The RAPD analysis for the tested M.
phaseolina isolates using eight tested primers through PCR
revealed DNA fingerprints with banding pattern of 2 - 9
bands ranging in 350bp - 3kbp molecular weight (Fig. 4 &
Table VII). No variations (polymorphism) were revealed for
number of bands between isolates with primers OPS-16 or
OPA-2 as the same banding pattern was revealed for the
four isolates analyzed. However, with OPA-4, OPA-5 and
OPA-13 banding pattern was similar for each of the stem
and the root isolates tested, while with OPA-1, OPA-8 and
OPR-14 no distinct trend was revealed between the stem
and the root type of isolates (Table VII & Fig. 4).

5- Phenotypes of the High, the Intermediate and the Low
Pathogenic M. phaseolina Isolates

a. Colony colour phenotypes on PDA. Data in (Table
VIII) revealed that the white colony phenotype was linked
to the high pathogenic stem isolates as well as the
intermediate pathogenic root isolates. However, the grey
and black colony phenotypes were common in most
pathogenicity phenotypes. The dark green colony phenotype
was almost confined to the low pathogenic isolates, while
the brown colony phenotype almost represented the
intermediate pathogenic isolates (Table VIII).

b.  Growth pattern phenotypes on PDA. The dense and
the light dense colony phenotypes were common among the
different pathogenicity phenotypes revealed (Table VIII).
However, the sparse dense colony phenotype was recorded
in two low pathogenic stem isolates and in one high
pathogenic root isolate. Isolates with sparse colony
phenotypes were detected in the intermediate pathogenic
stem isolates and the low pathogenic root isolates and
represented with one and two isolates for those phenotypes,
respectively (Table VIII).

c. Protein banding pattern. At the 8 - 100 kDa
polypeptide molecular weight, 6 - 18 polypeptide bands
were detected for the stem high pathogenic M. phaseolina
isolates (Table VIII). This was in comparison with a smaller
range of 6 - 14 and 10 - 14 bands in the intermediate and
low pathogenic stem isolates, respectively. For the root
isolates, a similar banding pattern was detected being 12 -
20, 9 - 20 and 10 - 19 for the low, intermediate and high
pathogenic isolates, respectively (Table VIII). At the 101 -
200 kDa, the tested isolates exhibited banding pattern of
maximum 4, 3 and 4 bands for the high, intermediate and
low pathogenic stem isolates, respectively and maximum of
2, 5 and 6 bands in the root isolates for the same
phenotypes, respectively. However, at the 201 - 300 kDa,
isolates exhibited a smaller number of bands of maximum
three bands in the different phenotypes (Table VIII).

d. Protein polypeptide content. Mean percentages of
the polypeptide content in the detected bands at the 8 - 100
kDa range were 90.2%, 86.7% and 83.8% for the high,
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Fig. 1. Occurrence of Macrophomina phaseolina on
sunflower in different regions in El-Behera governorate
during the 2003 and 2004 growing seasons
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Fig. 2. Colour phenotypes (a) and growth patterns (b)
of Macrophomina phaseolina isolates recovered from
sunflower plants collected from different fields in El-
Behera governorate during the 2003 and 2004 growing
season and tested on different media. W.= white, G.=
grey, Bl= black, Br.= brown, Dg.= dark green, D=
dense, L= light dense, SD.= dense in a sparse pattern,
S.= sparse or feathery growth, R.= restricted growth,
Sh.= shy growth

WW.16/2003 G.27/2004 B1.26/2004

Br.12/2004
a.} Colour phenotypes

Dg.1/2003

[.8/2004 SB.6/2603

5.15/2003 Sh.6/2003

R.11/2004

b.Y Growth patterns



CHARACTERIZATION OF FUNGAL PATHOGENS OF SUNFLOWER / Int. J. Agri. Biol., Vol. 9, No. 6, 2007

Fig. 3. SDS-Page of protein banding pattern of certain
Macrophomina_phaseolina isolates recovered from sunflower
plants collected from different fields in El-Behera
governorate during the 2003 and 2004 growing season. 11, 12,
13, 115, 116, 117, 118 and 119 are code numbers of the
analyzed isolates= stem isolate1/2003, stem isolate 2/2003,
stem isolate 3/2003, root isolate15/2003, root isolate16/2003,
root isolate17/2003, root isolatel8/2004 and root
isolate19/2003, respectively
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intermediate and low pathogenic stem isolates, respectively.
This was in comparison with 88.1%, 87.4% and 77.9% for
the root isolates for the same phenotypes, respectively. At
the 101 - 200 kDa, smaller values were revealed being
20.4%, 12.3%, 10.9% for the stem isolates and 14.3%,
12.4%, 15.5% for the root isolates for the same phenotypes,
respectively. However, at the 201 - 300 kDa, only one
isolate of each of the high pathogenic and low pathogenic
phenotypes showed bands of polypeptide content of 7.4%
and 12.0% for the stem isolates and also 9.3% and 6.8% for
the root isolates. For the intermediate pathogenic isolates,
the mean polypeptide contents were 6.7% and 9.3% for the
stem and root isolates, respectively (Table VIII).

e.  Phylogenetic analysis. The phylogenetic relationship
based on the banding patter obtained by the RAPD-PCR
showed that the four isolates analyzed were grouped into
two clusters. One cluster contained the two high pathogenic
isolates (stem isolate 9/2003 & root isolate 18/2004) with
0.350 genetic similarity coefficient, while the other cluster
contained the two low pathogenic isolates (stem isolate
1/2003 & root isolate 30/2004) with 0.300 genetic similarity
coefficient (Fig. 5).

DISCUSSION

The Macrophomina phaseolina, the causal fungus of
the charcoal-rot disease of sunflower, is a soil-borne and a
wide host range pathogen, which distributed worldwide. In
the present study, 33 Macrophomina phaseolina isolates
were recovered from the different regions surveyed, where
sunflower was grown in El-Behera governorate during the
2003 and 2004 growing seasons. Housh Eisa and Abo El-
Matameer were the most affected regions as 33.3% and
30.3% of the isolates were recovered, respectively. This was
followed by Etay El-Baroud region, where 12.1% of the
isolates were made. Occurrence of Macrophomina
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Fig. 4. DNA fingerprint of certain Macrophomina phaseolina
isolates recovered from sunflower plants collected from
different fields in El-Behera governorate and analyzed with
the RAPD-PCR using certain random oligonucleotide
primers. M= marker, I18= root isolate 18/2004, I1= stem
isolate 1/2003, I30= root isolate 30/ 2004, 19= stem isolate
9/2003

Prioner OHPA D

19

118 I1 130

Py frmmessr OPA-13

I18 I1 130

phaseolina in the rest of the surveyed regions i.e., El-
Dalangat, Kafr El-Dawar and El-Mahmoudia was as less
than 10%. These findings corroborate reports from various
parts of the world including some parts in Egypt (Eisa et al.,
1981; El-Deeb et al. 1985; Manici et al., 1995; Desai, 1998;
Atiq et al., 2001; Almeida ef al., 2003; Ibrahim, 2006;
Fernandez et al., 2006).

Although only one species was recognized within the
genus Macrophomina (Mihail, 1992), great variability in
cultural morphology, the pathogenicity and on the molecular
level were recorded on which efforts were made worldwide
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Fig. 5. Dendrogram based on the RAPD-PCR showing the
phylogenetic relationship of the analyzed high and low
pathogenic Macrophomina phaseolina isolates recovered from
sunflower plants in El-Behera governorate during the 2003
and 2004 growing seasons. Isolates code number 18, 9, 1 and
30 are root isolate 18/2004, stem isolate 9/2003, stem isolate
1/2003, root isolate 30/2004, respectively
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to characterize and classify Macrophomina phaseolina
isolates (Atiq et al., 2001; Almeida et al., 2003; Fernandez
et al., 2006). In the present study, all the recovered M.
phaseolina isolates tested (33 isolates) were pathogenic to
both of the tested sunflower cvs. i.e., H11-008 (H08) and
H11-009 (H09) and incited stem lesions ranged between 2.9
cm and 19.7 cm in the pathogenicity test. However, 35.8%
of the isolates were classified as high pathogenic as caused
>75% mean plant death in comparison with 19.8% caused
>75% reduction in plant head size. However, 15.8% and
40.4% of the isolates were designated intermediate
pathogenic (<75%-<25%) to cause plant death and
reduction in plant head size, respectively. This was
compared with 48.4% and 39.7% low pathogenic (<25%)
isolates for the same previous parameters, respectively.
More variations were identified for the isolates colony
phenotypes as five colour phenotypes and six growth
patterns were recognized on the media tested (PDA; CD;
Chlorate). These were white, grey, black, dark green and
brown colony colour phenotypes with the most frequent was
the grey phenotype (30.3%), while the colony growth
patterns were the dense, light, sparse dense, sparse,
restricted and shy growth with the most frequent phenotype
was the dense phenotype (40.3%). The use of the Chlorate
selective medium to differentiate strains of M. phaseolina
was suggested (Pearson et al., 1986). The reduction of
chlorate, an analog of nitrate, to chlorite in fungi, where the
nitrate reductase pathway was functional can result in
toxicity, which differentiate fungal isolates to sensitive and
resistant strains. Eleven isolates i.e., 33.3% of the total 33
M. phaseolina isolates analyzed were Chlorate sensitive,
while rest of the isolates were Chlorate sensitive. Meantime,
since soluble protein analysis was used to differentiate
fungal species (Clare, 1963) quantitative and qualitative
differences in protein pattern among fungal isolates were
reported (Milton et al., 1971; Avivo & Govannetti, 1998),
which provided a conservative estimation of the amount of
variation within a genome. The M. phaseolina isolates
analyzed in the present study showed that 100% of the
isolates contained the light polypeptides of 8 - 100 kDa in
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mean percentage of 78.4% of the total polypeptides and
exhibited 6 - 20 bands in the different isolates with 34.5% of
the isolates were differentiated with unique bands, while at
the higher 101 - 300 kDa protein analysis, little variation (0
- 6 bands) and less differentiation (6.7 - 21.7%) were
revealed and 27.4 - 51.3% of the isolates only contained
polypeptides of this kDa range. Moreover, the RAPD-PCR
analysis of the tested M. phaseolina isolates using eight
random oligonucleotide primers revealed DNA fingerprints
with banding pattern of 2 - 9 bands ranging in 350bp - 3kbp
molecular weight. However, no variations were revealed for
number of bands between isolates with primers OPS-16 or
OPA-2, while with OPA-1, OPA-4, OPA-5, OPA-8, OPA-
13 and OPR-14 more variations were revealed. These
findings were in agreement with reports concerning M.
phaseolina population in several parts of the world
including very recent studies in Egypt (Dhingra & Sinclair,
1972; Pearson et al., 1986; Chase et al., 1994; Mihail &
Taylor, 1995; Weising et al., 1995; Selvan & Seetharaman,
2000; Atiq et al., 2001; Almeida et al., 2003; Khalifa, 2003;
Ramadan, 2005; Fernandez et al., 2006; Franco et al., 2006;
Ibrahim, 2006; Purkayastha et al., 2006).

The M. phaseolina isolates occurred on the stem part
of the sunflower plant constituted 42.4% of the total 33
isolates recovered compared to 57.6% of the isolates
occurred on roots. The stem type of isolates exhibited higher
pathogenicity as size of the lesion incited, percentage of
plant death and percentage of plant head reduction, in the
pathogenicity tests, were 7.1 cm, 48.6% and 44.2%,
respectively for stem isolates compared to 6.1 cm, 37.9%
and 37.4%, respectively for the root type of isolates.
Meantime, the stem type of isolates were more variable for
the protein banding pattern as 42.8% of stem isolates
exhibited unique bands in comparison with 26.3% for the
root isolates at the 8 - 100 kDa. However, no distinct colony
phenotype or protein banding pattern were linked to any of
the both types of isolates. Besides, the RAPD-PCR analysis
revealed that the same cluster in the developed Dendogram
contained both the stem and the root isolates. These results
did not show enough support to the hypothesis of the stem
type and the root type of M. phaeolina isolates, which were
in harmony with Khare ez al. (1970), Dhingra and Sinclair
(1973) and Ibrahim (2006).

The high, intermediate and the low pathogenic
phenotypes were recognized among the recovered M.
phaeolina isolates. These were in frequencies of 27.8%,
28.1.4% and 44.1% (combined data), respectively. These
phenotypes shared the same colony phenotypes and the
protein banding pattern. However, Dendrogram of the
RAPD-PCR Phylogenetic analysis showed that the high
pathogenic isolates constituted one cluster with 0.350
genetic similarity coefficient, while the low pathogenic
isolates constituted another cluster with 0.300 genetic
similarity coefficient. These results were in agreement with
reports of several investigators (Mihail & Taylor, 1995; Atiq
et al., 2001; Fernandez et al., 2006; Purkayastha, 2006).
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The amount of variation identified in the present study
was in harmony with such deuteromycetous fungus and was
suggested (Manici et al., 1995; Mihail & Taylor, 1995) to
be due to its heterokaryotic nature. Probably, study with
bigger number of isolates and the establishment of
techniques such the restriction fragment length
polymorphism (RFLP) of the nuclear, ribosomal and the
mitochondrial DNA for M. phaseolina isolates could
certainly help to reveal more variations for better
understanding of the population structure of M. phaseolina
isolates. Such characterization and understanding of the
population genetic structure of a pathogen is a vital
consideration in elucidating disease epidemiology and could
be a strategy for devising a stable disease management in a
specific region (Purkayastha et al., 2006).
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