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Abstract

Tomato is one of the most common vegetable crops in the world. Many diseases would
infect tomatoes during the growing season. In summer (August, 2018), from di�erent �elds (5
�elds) severe brown spots appeared on the leaves, stems, and fruits of Lycopersicon esculentum

variety Castle rock in the Abu El-Rish region, at Aswan city, Upper Egypt. The pathogen
which isolated from di�erent infected parts of the plant was identi�ed as Alternaria phragmo-

spora according to the morphological and molecular characterization using primers ITS1 and
ITS4. The pathogenicity was tested by the re-inoculation of the healthy tomato plant from
the same variety either by spore suspension (1.2x106 conidia/ ml) spraying or direct mycelium
inoculum on the plant surface. Virulent symptoms were observed in the inoculated plant. In
the lab, moisture and high temperature increase the disease severity of infected plant while
in the �eld, high temperature (40�-47�), excess watering of the plant and condensation
of them in patches were recognized and these conditions increased the disease severity and
spreading from plant to other. To our knowledge, this is the �rst detection of the pathogen,
A. phragmospora which infected L. esculentum.
Keywords: Early blight, Alternaria phragmospora, Lycopersicon esculentum, Egyptian
tomato

1 Introduction

Lycopersicon esculentum is a member of the family Solanaceae which comprises short-lived peren-
nial herbaceous plants. Fruits of tomato have high nutritive values and variable uses (Tijjani et
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al., 2014). L. esculentum nutritive value represents a rich source of minerals, vitamins (A & C)
and antioxidant lycopene that contribute to a healthy and well-balanced diet (Awan et al., 2018).
Tomato (Lycopersicon esculentum) is the most important vegetable crop in Egypt. The crop
annual production amounts are around seven mil¬lion tons, which are consumed either fresh or
processed (Mansour, et al., 2009). Tomato's diseases are early blight and wilt caused by Alternaria
and Fusarium (Singh et al., 1980; Maiero and Barksdale, 1989). These two diseases cause a severe
reduction in yield and high economic losses every growing sea¬son. Alternaria is a prevalent fungal
genus with distribution as saprophytic, endophytic and pathogenic species. This fungus can grow
in variable substrates like seeds, plants, agricultural products, animals, soil and the atmosphere.
Species of Alternaria are known as serious plant pathogens, causing major losses on a wide range
of crops. At least 20% of agricultural spoilage is caused by Alternaria species; most severe losses
may reach up to 80% of yield (Nowicki et al., 2012; Moghadam et al. 2019). Early blight is an
economically important disease of worldwide importance a�ecting solanaceous crops and their wild
relatives (Van der Waals et al., 2004; Chaerani and Voorrips, 2006; Kumar et al., 2007).

The main causal agent of early blight is generally considered to be A. solani. The disease was
recognized in the solanaceous plant-like eggplant, tomato and potato (Neergaard, 1945) as well as
non-solanaceous plants (Akhtar et al., 2011).

This work aims to characterize the early blight pathogen in tomato by isolation, microscopic
and molecular identi�cation and con�rm the pathogenicity by re-inoculation of the pathogen in
the healthy tomato plant and estimation of the plant disease severity.

2 Materials and Methods

Samples collection

In the summer, the severe disease appeared on the leaves, stem, and fruits of Lycopersicon escu-
lentum variety Castle rock, in the Abu El-Rish region, at Aswan city, Upper Egypt. Tomato plant
with symptoms was collected from di�erent �elds in the area and kept in sterilized plastic bags. All
collected samples were transported to the laboratory and the pathogen was isolated immediately
(Abdel-Motaal et al., 2010).

Isolation of pathogen from infected leaves, stems, and fruits

Leaves, stems, and fruits with severe symptoms were surface sterilized in ethanol (75%) for 10
s and NaClO (1%) for 1 min, �nally swilled three times with sterile water. Small pieces were
aseptically cut and incubated on potato dextrose agar (PDA) for 7 days at 28 °C. Once visible
mycelia appear from the plant pieces, single hypha was transferred and cultured on fresh PDA
plates and incubated at 28 °C then examined by microscope (Van Emden, 1970).

Morphological and molecular identi�cation of the pathogen

Isolated fungi were identi�ed based on their morphological characteristics according to Van Em-
den, 1970; Ellis, 1971; 1976; Moubasher, 1993. Molecular characterization of the pathogen was
done by the sequencing of rRNA gene with the help of Solgent Company, Daejeon South Korea.
Fungal DNA from seven days of incubated fungi was extracted by CTAB method (Gontia-Mishra
et al., 2014). The rDNA was ampli�ed using the polymerase chain reaction (PCR) technique in
which two universal fungal primers ITS1 (forward) and ITS4 (reverse) which were incorporated in
the reaction mixture, ITS1 (5' - TCC GTA GGT GAA CCT GCG G - 3'), and ITS4 (5'- TCC
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TCC GCT TAT TGA TAT GC -3'). The puri�ed PCR products were recon�rmed using a size
nucleotide marker (100 base pairs) by electrophoreses on 1% agarose gel. These bands were eluted
and sequenced with the incorporation of dideoxynucleotides (dNTPs) in the reaction mixture.
Each sample was sequenced in the sense and antisense directions using ITS1 and ITS4 primers.
Sequences were further analyzed using Basic Local Alignment Search Tool (BLAST) from the
National Center of Biotechnology Information (NCBI) website. MegAlign (DNA Star) software
version 5.05 was used for phylogenetic analysis of sequences (White et al. 1990).

Pathogenicity test

According to Berner et al., (2007) the pathogenicity test was done by the re-inoculation method.
The fungus was grown on PDA and incubated at 28 � for 14 days. The harvested conidia were
suspended in sterile distilled water at 1.2x106 conidia/ ml, the stem and leaves of L. esculentum
variety Castle rock were sprayed by the conidial suspension. Under moist conditions, plants were
covered with polyethylene bags and incubated at 30� for 4 weeks. Under the same conditions, the
control plant was sprayed with sterilized distilled water instead of the fungal conidial suspension.
In another experiment, healthy tomato leaves and fruits were platted in sterilized Petri dishes
with wet sterilized �lter paper, mycelia disks of the pathogen were inoculated on the leaf and fruit
surface in addition to other plates without pathogen. All plates were incubated at 30� for 7 days.

Statistical and data analysis

The common diseases symptoms were surveyed and disease severities were estimated randomly on
tomato plants. Collected plant samples from �elds with clear symptoms in approximately equal
sites were brought as method described by Rao et al. 2016.

The Formula in calculating the disease severity is: Percentage of disease severity= Number
of Individual ratings/Number of Plant Assessedx100/Maximum scale. The maximum rating scale
(1-5) has been used for assessment of the disease severity is (Table.1):

Rating Scale Disease Percentage
1 1-5
2 5-25
3 25-50
4 50-75
5 75-100

The sampling data have been collected from �ve di�erent �elds in Abu El-Rish area. All the
collected data were subjected to analysis of variance at an end of the study by using GenStat
Release 10.3 (2011) software application.

3 Results

Symptoms

Disease symptoms appeared as obvious circular white patches that developed to dark brown upon
sporulation of the fungus on leaves and black patches on fruits. High temperature (40-47◦C) in the
�elds induced plant severing, which caused leaf curling and defoliation, in addition to spreading
fungal spore on the stem and infected fruits frequently drop (Fig. 1 A, B, C). Germinated conidia
colonized tomato leaves, and then penetrated the leaf tissue through stomata and continued to
grow through the leaf cortex, and eventually, the leaf tissue died.
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Figure 1. Symptoms of Alternaria phragmospora early blight disease in Egyptian Tomato (L.
esculentum) and morphology of the causative agent A. phragmospora. (A, B) natural disease
symptoms on the leaves and stem of L. esculentum in Abu El-Rish region. (C) The severity of
disease by the pathogen in the fruit of L. esculentum. (D) Colony, front (right) and back (left)
views. (E) Examination of conidia under a light microscope (40X) growing on PDA. (F, G)

Pathogenicity test on the fruit and leaves of tomato. (H,I) Brown spots on leaves and stems after
spraying the tomato plant by A. phragmospora spore suspension.

Morphological characterization of the pathogen

Colonies of isolated fungi on PDA media were dark brownish to black color which were deeply
brown to black fundamentally at the colony center, had restricted white margins and black reverse
(Fig. 1D). Well-developed septated and loosely branched mycelia (0.5�3.5 µm wide) were recog-
nized. The mycelial wall was brown to deep brown, smooth or slightly rough and unthickened
to somewhat thickened. On the septated hyphae, pale brown conidiophores were visible near the
agar surface with branched chains of conidia. Slenderly obclavate conidia were abundant, but
occasionally elliptical narrow ones would be found. They produced in branched or unbranched
chains of varying length, conidia were in short chains cylindrical and with 2-9 transverse septa
and longitudinal septum (Fig. 1E). The beak is either short or absent; beaks of more than three
cells were not seen. Morphological characteristics matched the Alternaria phragmospora (Emden
1970). Yet, there is no report on the disease of L. esculentum caused by A. phragmospora.

Molecular characterization of Pathogen

For fungal molecular identi�cation, a single spore culture (Leslie and Summerell, 2006) of the
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fungus was prepared for genomic DNA extraction and gene ampli�cation (Suarez et al., 2005).
The partial 28S rDNA gene and the internal transcribed spacer region (ITS) were ampli�ed using
primers ITS1 and ITS4 (White et al., 1990). The ITS sequence showed 93�100% identity with all
Alternaria phragmospora (NR 135960, MH 859605.1, MK 461012.1) based on the NCBI-BLAST
analysis of DNA sequences (Fig. 2). The ITS sequences of Alternaria phragmospora were deposited
in the Gene Bank database with accession No. LC475453.

Figure 2. Phylogenetic relationships of isolated A. phragmospora and selected fungi derived from
NCBI Genbank based on nuclear ribosomal internal spacer sequence (ITS). The phylogram

represents the Neighbor-joining method with 1000 bootstrap replication. Rhizocotonia solani was
the outgroup fungus. Bootstrap values are shown on each branch using MEGA 4 software.

Pathogenicity

In the case of spraying the healthy tomato plant with A. phragmospora conidial suspension (1.2x106

conidia/ ml), small yellow spots appeared after 2 weeks on leaves, which enlarged and turned brown
and spreading to stem after 3 weeks (Fig. 1 H,I). Control plants did not develop any symptoms.
Alternaria phragmospora was re-isolated from the infected plants but not from the control. The
second pathogenicity test by inoculation of healthy tomato leaves and fruits by mycelia discs and
incubated in sterilized Petri dishes with wet sterilized �lter paper. The results indicated maximum
lesion length and width on leaves and fruits inoculated with A. phragmospora (Fig.1 F, G).

4 Discussion

Early blight, caused by the fungus Alternaria, is also known as Alternaria leaf spot or target spot.
Early blight is common in tomato plantings. Premature loss of lower leaves is the most obvious
symptom of the disease and spots frequently merge, forming irregular blotches. Dark, concentric
rings often appear in leaf spots. Only a few spots are enough to turn leaves yellow and dry up.
The pathogen is spreading to the end of the stem and reaching fruits, causing large, sunken areas
with concentric rings and a black, velvety appearance. Alternaria is capable to colonize plant
parts rapidly (Grzybowska and Kapala, 1976). There are multiple factors for disease severity,
including time in the growing season, water availability, and spatial factors (O'hara et al., 2016).
Based on �eld observations and the literature, we formulated three main hypotheses: (1) disease
severity was clear during summertime because of high temperature (40-47◦C) in this area of Upper
Egypt (2) Disease severity in the �eld was greater in excess water availability by overwatering of
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the plant and high soil moisture than moderate water in other �elds (3) plant density in patches
increase disease severity and fast spreading of the pathogen. Generally, A. solani is known as the
causal agent of early blight of tomato and later a study indicates that A. cretica, A. elegans, A.
subtropica, and A. tomatophila (Simmons, 2007) A. alternata (Loganathan, et al., 2016) also exists
in the virulent form to cause the disease.

In this study, we con�rmed that A. phragmospora is also capable to cause early blight dis-
ease of tomato. Alternaria phragmospora was previously reported to be associated with radish
seedlings which caused hardly damage to it (Van Emden 1970), and isolated from sugar cane
leaves (Gherbawy, 2005). The fungus Alternaria species may cause allergies in humans and ani-
mals (Breitenbach and Simon-Nobbe, 2002), and the presence of this fungus in plants should be
considered a reason for disquali�cation of the plants as food. To reduce these incapacitates and
losses of tomato crops caused by the pathogen Alternaria, early control actions should be taken.
In our laboratory, we are working in �nding biocontrol agents to management tomato early blight
disease caused by Alternaria phragmospora. The isolated pathogen, Alternaria phragmospora has
been deposited in Mycology laboratory culture collection, Faculty of Science, Aswan University,
Egypt with the accession no., APT-38018.

Con�ict of interests

The authors declare that they have no con�icts of interest.

Acknowledgements

We would like to thank the anonymous reviewers for their valuable comments and suggestions to
improve the quality of the paper.

References

Abdel-Motaal, F.F., El-Sayed , A.M., El-Zayat, A.S., Nassar, S.M.M. & Ito, S. (2010).
Choanephora rot of �oral tops of Hyoscyamus muticus caused by Choanephora cucurbitarum.
Journal of general plant pathology, 76, 358�361.

Akhtar, K.P., Sarwar, N., Saleem, M.Y. & Asghar, M. (2011). Convolvulus arvensis, a new host
for Alternaria solani causing early blight of Solanum lycopersicum in Pakistan. Australasian
Plant Diseases Notes, 10, 1�3.

Awan, A.Z., Shoaib, A. & Khan, A.K. (2018). Variations in total phenolics and antioxidant
enzymes cause phenotypic variability and di�erential resistant response in tomato genotypes
against early blight disease. Scientia Horticulturae, 239, 216�223.

Berner, D.K., Smallwood, E.L., McMahon, M.B. & Luster, D.G. (2007). First report of leaf spot
caused by Cladosporium herbarum on Centaurea solstitialis in Greece. Plant Disease , 91, 463.

Breitenbach, M. & Simon-Nobbe B. (2002). The allergens of Cladosporium herbarum and Al-
ternaria alternata. Chemical Immunology , 81, 48�72.

Vol. 3 (1): 1-8, 2020 Journal of Biological Studies 6



First report of Alternaria phragmospora .. Abdel-Motaal et al

Chaerani, R. & Voorrips, R.E. (2006). Tomato early blight (Alternaria solani): the pathogen,
genetics, and breeding for resistance. General Plant Pathology , 72, 335�347.

Ellis, M.B. (1971). Dematiaceous Hyphomycetes. Commonwealth Mycol Inst, Kew, Surrey.

Ellis, M.B. (1976). More Dematiaceous Hyphomycetes. Commonwealth Mycol Inst, Kew, Surrey.

Gherbawy, A. M. H.Y. (2005). Genetic variation among isolates of Alternaria spp. From select
Egyptian crops. Archives of Phytopathology and Plant Protection , 38, 77�89.

Gontia-Mishra, I., Tripathi, N. & Tiwari, S.A. (2014). Simple and rapid DNA extraction protocol
for �lamentous fungi e�cient for molecular studies. Indian Journal of Biotechnology, 13, 536�539.

Grzybowska, T. & Kapa la, H. (1976). Plamisto�s�c bielunia india�nskiego (Datura innoxia Mill.)
powodowana przez Alternaria crassa (Sacc.) Rands. i pr�oby jej zwalczania. Herba Polonica, 2,
172�184.

Kumar, V., Haldar, S., Pandey, K.K., Singh, R.P., Singh, A.K. & Singh, P.C. (2007). Cultural,
morphological, pathogenic and molecular variability amongst tomato isolates of Alternaria solani
in India. World Journal of Microbiology and Biotechnology, 24, 1003�1009.

Leslie, J.F. & Summerell, B.A. (2006). The Fusarium laboratory manual. Blackwell, Oxford.

Loganathan, M., Venkataravanappa, V., Saha, S., Rai, B.A., Tripathi, S., Rai, K.R., Pandey,
K.A. & Chowdappa P. (2016). Morphological, Pathogenic and Molecular Characterizations of
Alternaria Species Causing Early Blight of Tomato in Northern India. The Proceedings of the
National Academy of Sciences, India, Section B: Biological Sciences, 86, 325�330.

Maiero, M.T. & Barksdale, T.H. (1989). Combining ability estimates for early blight resistance
in tomato. , 114, 118�121.

Mansour, A., Ismail M.H., Ramadan, F.M. & Gyulai, G. (2009). Comparative Genotypic and
Phenotypic Analysis of Tomato (Lycopersicon esculentum) Cultivars Grown under Two Di�erent
Seasons in Egypt. The African Journal of Plant Science and Biotechnology, 3, 73�79.

Moghaddam A.G., Rezayatmand, Z., Esfahani,N.M.& Khozaei, M. (2019). Genetic defense anal-
ysis of tomatoes in response to early blight disease, Alternaria alternata. Plant Physiology and
Biochemistry, 142, 500�509.

Moubasher, A.H. (1993). Soil fungi in Qatar and other Arab countries. The scienti�c and applied
research center, University of Qatar, Doha.

Neergaard, P. (1945). Danish species of Alternaria and Stemphllium. Taxonomy, parasitism, eco-
nomical signi�cation.. Copenhagen: Munksgaard, Oxford University Press.

Nowicki, M., Nowakowska, M., Niezgoda, A. & Kozik U.E. (2012). Alternaria black spot of
crucifers: Symptoms, importance of disease, and perspectives of resistance breeding. Vegetable
Crops Research Bulletin, 76.

O'hara, B.N., Rest, S.J. & Franks, J.S. (2016). Factors a�ecting the disease severity of Alternaria
black spot in natural Brassica rapa populations on the California and Oregon coasts. Madrono,
63, 249�257.

Vol. 3 (1): 1-8, 2020 Journal of Biological Studies 7



First report of Alternaria phragmospora .. Abdel-Motaal et al

Rao, S., Danish,S., Ke�emariam, S., Tesfagergish, H., Tesfamariam, R.& Habtemariam, T. (2016).
Pathological Survey on Disease Incidence and Severity of Major Diseases on Tomato and Chilli
Crops Grown in Sub Zoba Hamelmalo, Eritrea. International Journal of Research Studies in
Agricultural Sciences , 2, 20�31.

Simmons, E.G. (2007). Alternaria: an identi�cation manual. Utrecht: CBS.

Singh, U.P., Singh, H.B.& Singh, R.B. (1980). The fungicidal e�ect of neem (Azadirachta indica)
extracts on some soil-borne pathogens of gram (Cicer arietinum). Mycologia , 72, 1077�1093.

Suarez, M.B., Walsh, K., Boonham, N., O'Neill T., Pearson S. & Barker I. (2005). Development
of real-time PCR (Taq-Man) assays for the detection and quanti�cation of Botrytis cinerea in
planta. Plant Physiology and Biochemistry , 43, 890�899.

Tijjani, A., Adebitan, A.S., Gurama, U.A., Haruna, G.S. & Sa�ya, T. (2014). E�ect of some se-
lected plant extracts on Aspergillus �avus, a causal agent of fruit rot disease of tomato (Solanum
lycopersicum) in Bauchi State. International Journal of Bioscience , 4, 244�252.

Van Emden, H. J. (1970). Alternaria phragmospora Nov. Spec.. Acta botanica neerlandica , 19,
393�400.

Van der Waals, J.E., Korsten, L., & Slippers, B. (2004). Genetic diversity among Alternaria solani
isolates from potatoes in South Africa. Plant Disease, 88, 959�964.

White, T.J., Bruns, T., Lee, S. & Taylor, J.W. (1990). Ampli�cation and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. PCR protocols: a guide to methods and applications.
Academic Press Inc., New York, 315�322.

Vol. 3 (1): 1-8, 2020 Journal of Biological Studies 8


	Introduction
	Materials and Methods
	 Results
	Discussion

