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Introduction:

Alternaria spp. is an important pathogen include species are pathogenic, endophytic and saprobic which are
caused a different plant diseases on seeds, plants, agricultural products. Alternaria solani (A. solani) (Ellis
and G. Martin) Sorauer species occupies a significant position among pathogenic species causing early blight
disease and affects a range of crop plants. The disease of early blight on different economic plants include
tomato and potato cause significant yield reductions (Olanya et al., 2009). The symptoms appear on tomato
and potato when affected by Alternaria solani start on leaves that old, mature and lower, chlorotic and yellow
brown spots then become large until one-half inch in diameter. The distinguish symptoms of early blight
disease is a spot like target pattern (Agrious, 2005).

Alternaria solani is a pathogen that has a variable population based on molecular characterizations,
physiological characteristics and morphological features isolated from various parts of the word (Pryor and
Michailides, 2002; Alhussaen, 2012; Mallik et al., 2014; Alhussaen, 2019). Generally, pathogens have
variable populations they were usually isolated from farms located in different areas. These variations
affected the methods of disease managements, specifically when they tested for the fungicide usage.

Available online at: https./jazindia.com 1389


https://www.sciencedirect.com/topics/immunology-and-microbiology/alternaria
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/spermatophyte
https://www.sciencedirect.com/topics/immunology-and-microbiology/alternaria
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/spermatophyte

Journal of Advanced Zoology

Molecular, physiological and morphological characterizations are usually used to point the population
variation of A. solani. It has large, long-beaked, and noncatenated spores, the septate mycelium is of dark
brown colour which later become darker. The size of conidiophores varies from 50 to 90 um having dark
coloured conidia of 120-296 x 12-20 um size (Simmons, 2000). These characteristics vary between isolates
as Singh (1987) found in vitro conidia were grouped together as short chains with transverse (5-10)
longitudinal septa (1-5).

Physiological characteristics for A. solani is vary when the optimum pH level were 6 to 7 and the optimum
growing temperature were 25° C and 30° C when tested in vitro (Alhussaen, 2012). Other study found that A.
solani has an optimum growth temperature of 25° C and pH level of 6.5 (Tatiana et al., 2010). Moreover,
study in north Jordan found that A. solani has the optimum conditions were 25° C and pH 7 (lbrahim et al.,
2009).

Several molecular techniques were used successfully to study the variations between populations of A. solani.
A study carried out in Jordan exhibited that population of A. solani isolates varied greatly under high
temperature and humidity of different farms located in Jordan Valley (Alhussaen, 2019). Moreover, a
dendrogram of plant pathogen papulation was prepared successfully using ITS sequencing of rDNA region
(Onsekiz et al., 2018). Lourenco (et al., 2011), using different markers such as RAPD and AFLP, observed a
significantly higher genetic variation in A. solani population in more than 150 isolates recovered from tomato
and potato plants.

Investigation of pathogen populations based on genetic and pathogenic characteristics is lead to understand
the epidemiology of the pathogen and will help in great successful management methods (Morris et al.,
2000). Other study found that isolates of A. solani were variable in the population based on different
parameters including morphology, pathogenic and genetic characteristics when all these isolates produced
disease on the tested host (Varma et al., 2007).

This investigation has been performed to determine variation in population of A. solani isolated from various
farms in Jordan Valley in 2012 as described in Alhussaen (2012 and 2019) and the population of A. solani
from Tabuk region of Saudi Arabia. Nine isolates from tomato fruits, having early blight symptoms, were
collected from the local market of Tabuk area, city of Hagel — Saudi Arabia based on morphological,
pathogenic and genetic variation.

Materials and method:

Isolation:

In the spring of 2012, twelve isolates of A. solani recovered from infected tomato plants in Jordan Valley as
described in Alhussaen (2012 and 2019). Nine isolates of tomato fruits, infested with early blight, were
collected from the local market in Tabuk area, city of Hagel — Saudi Arabia (Table 1).

Tablel: Isolates numbers, codes, country of isolates and place.

Isolate Isolate code Country of isolate Place of isolate
1 JO1 Jordan Farm 1
2 JO2 Jordan Farm 1
3 JO3 Jordan Farm 1
4 JO4 Jordan Farm 2
5 JO5 Jordan Farm 2
6 JO6 Jordan Farm 2
7 JO7 Jordan Farm 3
8 JO8 Jordan Farm 3
9 JO9 Jordan Farm 3
10 JO10 Jordan Farm 4
11 JO11 Jordan Farm 4
12 JO12 Jordan Farm 4
13 SA1l Saudi Arabia Market 1
14 SA2 Saudi Arabia Market 1
15 SA3 Saudi Arabia Market 1
16 SA4 Saudi Arabia Market 2
17 SA5 Saudi Arabia Market 2
18 SA6 Saudi Arabia Market 2
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19 SA7 Saudi Arabia Market 3
20 SAS8 Saudi Arabia Market 3
21 SA9 Saudi Arabia Market 3

Morphological characterization:

Different morphology features of Alternaria solani isolates were examined under power objective 40X using
light microscope including hyphal color and size (length and width), also the number of septa in conidia and
their size, length of beak. Seven days cultures of Alternaria solani were grown on PDA.

Physiological studies:

Effect of pH levels

Effect of pH on the growth of Alternaria solani was examined in vitro on PDA media. Various pH levels
(4.0,4.5,5.0,5.5,6.0, 6.5, 7.0, 7.5, 8.0) of the medium were adjusted by adding 0.1 N sodium hydroxide and
0.1 N hydrochloric. The discs of 5 mm size, taken from margin of culture, were inoculated and incubated in
dark at 25+1°C up to 7 days. Three replications of each treatment were taken into consideration. After 7 days,
the growth was recorded by measuring the diameter of the colony

Effect of temperature

In order to observe the optimum, lowest and the highest temperatures for fungal growth, PDA Petri dish
cultures of the nine A. solani isolates were incubated under eight different temperatures from 5°C to 40°C
(5°C intervals). All incubations were carried out at 25+1°C in the dark up to 7 days. For each isolate 3
replicates were used for each temperature. After 7 days, growth was measured using two diameter
measurements perpendicular to each other.

Molecular Methods:

The DNA from A. solani mycelium was extracted and was amplified by PCR. The method of Paul (2000)
was used to examine the Internal Transcribed Spacer (ITS1) region of the ribosomal nuclear DNA (rnDNA).
Tools of the BLAST search http://blast.ncbi.nm.nih.gov; it was used to analyze the sequences, and the
sequences was amplified by ClustalW tools http://www.ebi.ac.uk; to examine the phylogram of the isolate
and its relative.

Pathogenicity test:

The isolates of A. solani collected from various farms in Jordan Valley and from the local market of Tabuk
area, city of Hagel — Saudi Arabia, were tested for pathogenicity (Table 1). In this method, healthy tomato
fruits were inoculated with a pure culture of A. solani isolates tested in the present investigation.

A culture of 5 days old on PDA media incubated in the dark at 25°C + 1°C of A. solani were used to cut a 5
mm disc from the margin and from a corresponding non-inoculated agar plate in the case of the control. The
agar disc was placed on the surface of tomato fruits and near the disc an injury was made. Incubation of fruits
was performed in the dark at 25°C + 1°C for 7 days.

DATA ANALYSIS

The study was carried out using Completely Randomized Design (CRD). Rach treatment was replicated three
times. For each treatment, growth area was measured with colony counter on Petri dish. Differences (p<0.05)
between treatment means were calculated with General Linear Model (GLM) ANOVA was used using SPSS
software (VER 25).

Results:

Morphological characterization:

The isolates of A. solani recovered from Jordan Valley farms and local market of Saudi Arabia, show a
significant variation in the morphological characterization. Regarding the shape, colour and arrangement, the
shape of conidia was straight, slightly flexuous, muriform or ellipsoidal tapering to beak, pale and sometimes
branched. The size of conidia varied from 25-75 um in length and 10-21 um in width (Figure 1, Table 2). The
morphological study of mycelium shows that it was septate having 2-7 transverse and 1-5 longitudinal septa.
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The width of mycelium was 0.8-1.5 um. The morphology of conidiophores exhibits that they were brown to
olivaceous brown in colour and were arranged in groups or singly.

Table 2: Morphological features for isolates of A solani recovered from Jordan Valley farms and local
market from Saudi Arabia.

Isolate  Mycelial width  Conidia size (um) Length of beak  Septa in conidia
Code (um) Length Width (um) Horizontal Vertical
JO1 0.8-1.2 25-50 10-15 8-10 3-5 14
JO4 1.1-15 35-65 10-20 10-14 2-5 1-3
JO7 0.9-1.3 45-75 15-20 12-17 4-7 1-3
JO10 1.0-1.4 40-65 10-15 11-15 3-6 2-4
SAl 1-1.7 37-70 11-19 9-13 2-4 1-3
SA4 0.9-1.6 35-71 12-21 10-16 3-7 2-3
SA7 1.2-1.7 38-69 11-17 11-16 3-5 2-5
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Figure 1: Mean of morphological features for isolates of A. solani recovered from Jordan Valley farms and
local market from Saudi Arabia.

Effect of pH levels:

The optimum pH level of the A. solani isolates tested was 6 to 7. Isolates grew well at pH 4.5, 5, 5.5 and 7.5.
On the other hand, lower growth was observed at pH 4 and 8 for all isolates tested (Figure 2, Table 3).

No significant differences were found in mycelium growth between A. solani isolates tested at each pH levels
(P=0.56). However, significant differences were noticed in the colony growth at different pH levels for each
isolate (P=0.00). Nevertheless, no significant difference in mycelium growth was observed for each isolate at
pH 6, 6.5 and 7 (Table 3).
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Table 3: Mean growth (mm) of 7 isolates of A. solani incubated on PDA with nine pH levels (4, 4.5, 5, 5.5,

6, 6.5, 7, 7.5 and 8) in the dark. Growth was measured after 7 days. Within a column, means with the same

letter are not significantly different from each other at P< 0.01. n = 3 for each isolate at each pH level.
Mycelial diameter growth (mm) of different isolates

pH level Jol Jo4 Jo7 Jo10 SAl SA4 SA7
4 39b 3.3b 35b 3.3b 34b 3.7b 36b
45 53¢ 51c 54c 50c 52¢ b55¢ 51c
5 6.8d 7.0d 6.9d 6.6 d 7.0d 6.9d 6.6d
5.5 6.7d 6.6d 6.8d 6.8d 6.6d 6.8d 6.8d
6 8.1le 7.9d 8.3¢e 8.le 79d 8.3e 8.le
6.5 8.6e 8.7e 85e 85e 87e 85e 85e
7 8.8¢e 89e 8.6¢e 8.7¢e 89e 86¢e 8.7¢
7.5 54c 50c 5.2¢c 53¢ 50c 5.2c 53¢
8 2.1a 2.0a 21a 20a 20a 21a 20a

10

°] Jo 1

a - Jo 4

7 Jo 7
p— Jo 10
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Figure 2: Mean growth (mm) of 7 isolates of A. solani incubated on PDA with nine pH levels (4, 4.5, 5, 5.5,
6, 6.5, 7, 7.5 and 8) in the dark.

Effect of temperature:

Isolates tested of A. solani have an optimum growth temperature of 25°C to 30°C. At temperature, 20°C A.
solani isolates grew slightly 2.6 cm. Moreover, Limited growth was occurred at temperatures of 10°C and
40°C, but no growth was appeared at temperature of 5°C (Figure 3, Table 4).

Significant differences were appeared in colony growth among the different isolates of A. solani at each
temperature tested (P=0.01). Moreover, variation in temperature significantly affected the growth of colony
for each isolate (P=0.00). Nevertheless, a non-significant effect of temperature on mycelial growth was
observed at 25 °C and 30 °C (Table 4).

Table 4: Mean growth (mm) of 7 A. solani isolates incubated at eight different temperatures from 5°C to
40°C on PDA in the dark. Growth was measured after 7 days. Within a column, means followed by the same
letter are not significantly different from each other at P< 0.01. n = 3 for each isolate at each temperature.

Temperature Mycelial diameter growth (mm) of different isolates

(C) Jol Jo4 Jo7 Jo10 SAl SA4  SAT
5 00a 00a 00a 00a 0.0a 00a 00a
10 0.1b 0.2b 0.2b 0.1b 0.2b 03b 0.1b
15 l1lc 19¢c 1l2c 10c 13c 1.7¢ 15c¢
20 2.1d 2.8d 2.4d 2.8d 2.6d 27d 26d
25 86e 8.8e 8.8e 85e 8.6e 88e 86e
30 8.8e 8.7e 89e 8.3e 89e 8.7e 87e
35 29d 3.5d 3.1d 3.5d 3.4d 3.6d 3.2d
40 0.2b 0.1b 0.1b 0.1b 0.1b 0.1b 0.1b
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Figure 3: Mean growth (mm) of 7 A. solani isolates incubated at eight different temperatures from 5°C to
40°C on PDA in the dark. Growth was measured after 7 days.

DNA Sequences:

The sequences of A. solani isolates from different farms in the Jordan Valley corresponding to A. solani
from Gen-Bank (Table 5) with code (LT714700). The length of sequence for isolate (JO1) was 777 bp, and
was 100% similarity to the sequence of A. solani (LT714700). However, the length of (JO4) isolates
sequence was 546 bp, and (JO7) isolates sequence length was 470 bp, and (JO10) isolates sequence was 550
bp, in length were 99% similarity to the sequence of A. solani (LT714700).

Isolates recovery from local market from Saudi Arabia corresponding to A. solani (DQ084021) from Gen-
Bank (Table 5). The sequence length of isolate of SA1 was 786 bp, and was 100% similarity to the sequence
of A. solani (DQ084021). However, the sequence length of isolates (SA4) was 751 bp, and the length
sequence of (SA7) was 768 bp, and were 99% similarity to the sequence of A. solani (DQ084021).

Table 5: Sequences and the corresponding sequences from GenBank of A. solani isolated from tomato fruits
and plants with early blight symptoms from farms in the Jordan Valley and local market from Saudi Arabia.

Sequence .+ GenBank Identities Gap
Isolate code length (bp) Match from GenBank (Location) accession number (%) s
Alternaria solani SEH-As 1999
JO1 777 (PAKISTAN) LT714700 100 0
Alternaria solani SEH-As 1999
JO4 546 (PAKISTAN) LT714700 99 0
Alternaria solani SEH-As 1999
JO7 470 (PAKISTAN) LT714700 99 0
Alternaria solani SEH-As 1999
JO10 550 (PAKISTAN) LT714700 99 0
SAl 786 Alternaria solani 2005 (USA) DQ084021 100 0
SA4 751 Alternaria solani 2005 (USA) DQ084021 99 1
SA7 768 Alternaria solani 2005 (USA) DQ084021 99 0

Variation observed with the ITS region of rDNA sequence:

UPGMA dendrogram (Figure 1) were described by the length (bp) of the sequence for ITS region of rDNA.
Isolates were divided into six division at similarity coefficient 0.1. The isolates collected from tomato fruits
from the market in Saudi Arabia into two groups at similarity coefficient 0.1. Nevertheless, isolates come
from various farms in Jordan Valley were divided into four division at similarity coefficient 0.1. In these six
divisions isolates recovery from same area and have similar morphology and physiology features and
matched the same isolates from the GenBank were come together in the dendrogram (Figure 1).
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Figure 1: Dendrogram of Alternaria solani by DNA sequences.

Pathogenicity test:

The isolates of A. solani studied, were found to be pathogenic to tomato fruits tested. Symptoms start of
chlorotic and abscise prematurely spots. These spots have concentric rings as target-like pattern and
surrounded by a yellow halo. However, no symptoms appeared in the control (non-inoculated) plants (Table
6).

Inoculated and the control (non-inoculated) fruits exhibited significant differences (P=0.00) in disease
severity. In addition, significant differences were found between inoculated isolates recovery from Jordan
valley and the isolates recovery from local market of Saudi Arabia (P=0.00) (Table 6). However, non-
significant difference in disease severity was found in the isolates recovered from Jordan valley (P=0.08).
Moreover, a non-significant difference in disease severity was found in the isolates recovered from the local
market of Saudi Arabia (P=0.06).

Table 6: Mean disease severity for A. solani isolates from farms located in Jordan Valley and from local
market from Saudi Arabia. Means followed by the same letter are not significantly different from each other.

Isolate code | Mean disease severity (cm)
JO1 12a
JO4 1lla
JO7 12a
JO10 13a
SAl 18b
SA4 18b
SAT7 2.0b
Control 0.0c

:

LN

Mean disease severity cm

LN

T — T T T — T — T T | L —T
JO1 JO4 JOT M0 | a4 SAT Conbrod

Is clated code
Figure: Mean disease severity for A. solani isolates from farms located in Jordan Valley and from local
market from Saudi Arabia.
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Discussion:

Alternaria solani isolates tested in the present study recovered from farms in Jordan Valley and the local
market from Saudi Arabia showed a variation between their populations based on morphology, physiology,
molecular and pathogenicity characteristics. This is the first research in this area (Jordan and Saudi Arabia) to
study A. solani with different parameters including morphology, physiology, molecular and pathogenicity
test. In Jordan, fungicides sensitivity and disease management studies were done on A. solani (Al-Mughrabi,
2004; Abu-El Samen and Al Shudifat, 2012; Abu-El Samen et al., 2016). In Jordan, the first study on the
physiological, morphological and molecular characterization of A. solani was perfomed by Alhussaen (2012
and 2019). Whereas, in Saudi Arabia few researchers investigated the A. solani management techniques
(Rahmatzai et al., 2017; Baka, 2010).

The results of this study pointed that the optimum growing temperature of the isolates recovered in this study
was 25° C and 30° C. Moreover, the pH level of 6 to 7 were found to be the optimum for A. solani when they
tested in vitro. These results were published by Alhussaen (2012 and 2019) contestant with Ibrahim et al.,
(2009) who found that the optimum conditions for A. solani isolated from north of Jordan were 25° C and pH
7 when they study the ability of A. solani to utilize the polyester-polyurethane, and with Naik (et al. 2010)
who reported that temperatures 25° C and 30° C were the optimum of growth and the maximum sporulation
of A. solani.

The ITS region of rDNA sequences of A. solani recovery from Jordan Valley farms and from local market of
Saudi Arabia, were used to confirm the identification to species level and to study the population distinction.
The isolates of A. solani obtained from Jordan Valley farms were found to be 100% matching to the isolates
(LT714700) in the Gen-Bank. Moreover, the A. solani isolates obtained from local market of Saudi Arabia
also showed 100% similarity to the isolates (DQ084021) in the Gen-Bank. Identification by sequences region
of the ITS of rDNA for fungi is giving a correct identification and saving time and effort (Miguel et al., 2010;

Edin, 2012; Sudheer et al., 2013; Ozkilinc et al., 2018).

Perusal of the results show significant variations in morphological, physiological and molecular
characterization in the of A. solani isolates recovered from Jordan Valley farms as well as from local market
of Saudi Arabia. In Jordan there was no study investigated the population of A. solani based on morphology,
physiology, molecular and pathogenicity characterization. Alhussaen (2019) performed the first and the only
study in Jordan on A. solani population variation isolated from plants of Tomato from diverse farms in Jordan
Valley using the sequences of ITS region of rDNA. Moreover, in Jordan there were a few studies examined
the variation of A. solani of sensitivity of fungicides (Al-Mughrabi, 2004; Abu-el Samen and Al Shudifat,
2012).

In the world, various studies look into the population of Alternaria solani based on both morphology and
molecular characteristics (Petrunak and Chrits, 1992; Weir et al. 1998; Van der Waals et al. 2004; Lourenco
et al. 2009). Several other studies showed that population of Alternaria solani exhibit significant variation in
terms of pathogenicity (Kumar et al., 2008; Naik et al., 2010).

Perusal of the data of the present study showed a strong pathogenicity of the isolates of Alternaria solani to
tomato fruits. The isolates recovery from local market of Saudi Arabia were more pathogenic from the
isolates recovery from Jordan valley. The results also showed that inoculated and the control (hon-inoculated)
fruits differ significantly (P=0.00) in disease severity. In addition, significant differences were found between
inoculated isolates recovery from Jordan valley and the isolates recovery from local market of Saudi Arabia
(P=0.00) (Table 6). These variations could be the climate changes between Jordan Valley and Saudi Arabia.
These results are consist with Pugliese (et al., 2012) who found some climate parameters effect the Alternaria
japonica disease incidents and severity when increased the combination of CO2 and temperature.
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