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Objectives: Pomegranate (Punica granatum L.) is frequently affected by fungal infections during the
pre-and post-harvesting periods, resulting in severe losses to the farming economy. The common pre-
and post-harvest pomegranate pathogens affecting the final yield and quality of the fruits are Botrytis
cinerea, Alternaria alternata, Penicillium implicatum, and Aspergillus niger. This study aimed to isolate
and identify the pathogens causing pomegranate rot diseases. Also, the values of Xanthium strumarium
extracts as eco-friendly control agents and three Trichoderma strains as biological control agents against
the pomegranate fungal pathogen were determined.
The plate dilution method was used to isolate fungi populations from pomegranate plants. The pathogens
fungi were identified by the morphological and molecular method by sequenced of internal transcript
spacer (ITS) region. The antifungal activities of X. strumarium extracted either by both ethanol or metha-
nol and Trichoderma were investigated.
Results and conclusions: The isolated and identified pathogens were P. implicatum, A. alternata, A. niger,
Fusarium oxysporum, and F. chlamydosporum. The obtained sequences of these fungi were deposited in
NCBI gene bank with accession numbers OK562113–OK562125. The efficiency of X. strumarium extract
against pomegranate fungal pathogens ranged from 40.32 to 69.53% for ethanol extract and from
44.40 to 70.28% for methanol extract compared to 44.43%–85.71% for the antifungal Nystatin.
Moreover, the efficiency of Trichoderma was 42.22%–72.50%, 42.30%–70.21%, and 44.54%–72.50% for
strains ABSA-16, TSA-17, and ABSA-18, respectively. It could be concluded that the isolated pomegra-
nate’s pathogenic fungi in Taif were P. implicatum, A. alternata, A. niger, F. oxysporum, and F. chlamydospo-
rum. The extract of X. strumarium obtained from the Taif region and Trichoderma can successfully assist
control the pomegranate’s pathogenic fungi at pre-and post-harvest, and hence can be successfully
included in the IPM programs.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Pomegranate, Punica granatum L. (Myrtales: Lythraceae) is an
important crop in Taif governorate, Saudi Arabia. The Taif pome-
granate cultivation had a long agricultural history in the Taif gov-
ernorate of the Kingdom of Saudi Arabia (KSA). It is well adapted to
high altitudes and occupies vast cultivation areas in western KSA,
such as Taif and Abha (Gaber et al., 2015). Whether eaten fresh
or juiced, pomegranate fruits contain necessary nutrients for
human health and several mineral elements (Cheurfa et al., 2020;
Sorrenti et al., 2019). In addition, pomegranate fruit contains
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relatively high amounts of pharmacologically critical bioactive
compounds that act as antioxidants, antimicrobials, antivirals,
anticancer, vascular protective effects, and alleviate inflammatory
bowel diseases (Magangana et al., 2020). Pomegranate trees are
highly suitable for newly reclaimed areas because the tempera-
tures are moderate in summer and not like the low-altitude
regions of Saudi Arabia (Gaber et al., 2015).

The pomegranate trees are susceptible to many fungal and bac-
terial diseases that infect the whole plant including the fruits dur-
ing their growth and even after harvest. Among these diseases, rot
diseases are the most dangerous diseases in KSA, where rot dis-
eases weaken the trees by diminishing the shoot system of the
trees. Recent studies have shown different pathogens cause rot dis-
eases in pomegranate, which include Botrytis cinerea (Nakasugi
et al., 2021), B. phaeriadothidea (Rosas-Burgos et al., 2017), P. impli-
catum, A. niger (Parveen et al., 2017a), A. alternate (Yao, 2017) and
Fusarium oxysporium (Mariolatry et al., 2022). Since pomegranate is
an important fruit crop in the Taif region, it is necessary to isolate
and identify the microbial pathogens that threaten this crop while
considering the effective biological methods in combating and pre-
venting these diseases. Many morphological and physiological
characteristics have already been employed to identify these
pathogens. Furthermore, in recent years, DNA sequencing for
molecular identification, which commonly depends on the
sequence of the internal transcript spacer (ITS) region of the
nuclear ribosomal DNA has been used (Hassan et al., 2019;
Mazrou et al., 2020b).

Controlling rot diseases in pomegranates with chemical fungici-
dal sprays may result in soil and environmental pollution, endan-
gering human health (Nakasugi et al., 2021). On the other hand,
biological control is considered one of the safest options for human
health and environmental preservation (Mazrou et al., 2020a). The
X. strumarium is a traditional medicinal plant in Saudi Arabia that
belongs to the Asteraceae family. It has been demonstrated a broad
variety of biological actions against bacteria and fungi (Rad et al.,
2013; Parveen et al., 2017b). Xanthium extracts have been shown
to exhibit antifungal properties against a wide range of plant
pathogenic fungi including A. niger, A. flavus, Fusarium spp., and
A. alternata (Rad et al., 2013). We may hypothesize that the X. stru-
marium extract may have a significant impact on some pomegra-
nate pathogenic fungi. Hence, the current study aimed to isolate
and identify the pomegranate pathogenic fungi in the Taif region.
Moreover, the efficacy of X. strumarium extracts as ecofriendly con-
trol agents and three Trichoderma strains as biocontrol agents was
evaluated against the pomegranate pathogenic fungi.
2. Materials and methods

2.1. The experimental samples and location

Thirty different pomegranates, P. granatum L. plants and rhizo-
sphere soil samples were collected from four farms in various areas
of the Taif (21�16030.3400N 40�24022.1600E) governorate, Mecca Pro-
vince, Saudi Arabia (Fig. 1). Taif Governorate is located at an alti-
tude of 1,879 m (6,165 ft) high in the Hijaz Mountains, which are
part of the Sarawat mountain ranges. Taif Governorate enjoys a
moderate desert climate, with partly hot summers and mild win-
ters. Temperatures are moderate in summer and not like in the
low-altitude regions of Saudi Arabia such as Makkah and Jeddah.
The weather is cooler in Taif during the summer than it is in other
parts of the Kingdom of Saudi Arabia, especially in the open moun-
tainous areas. Precipitation in moderate amounts throughout the
year and increases in the spring and autumn compared to the rest
of the year (El-Tarras et al., 2013).
2

2.2. Pomegranate pathogenic fungi isolation

The plate dilution method was used to isolate fungi populations
from plants and soil taken from the rhizosphere (Hassan et al.,
2019). For isolation from rhizospheric soil, approximately 1 g of
rhizospheric soil was homogenized with 9 ml sterilized distilled
water, shaken for 30 min and the fungi were cultured on the potato
dextrose agar (PDA) medium and incubated at 28 �C for 5 days.
Regarding the isolation from the plant samples, the infected leaves
and fruits with fungi were scraped on the PDA medium and incu-
bated at 28 �C for 5 days. The obtained fungi were preliminarily
identified based on their morphological, conidial, and cultural
properties and microscope with a digital camera using a lactophe-
nol cotton blue-stained slide mounted with a small portion of the
mycelium (Gaddeyya et al., 2012).

2.3. DNA extraction

The pathogenic fungi mycelia were inoculated for five days into
Czapex Dox broth. Then the simple method for extraction of fungal
genomic DNA (Al-Samarrai and Schmid, 2000) was used for geno-
mic DNA extraction.

2.4. Sequence analysis of 5.8S-ITS region

The ITS1 and ITS4 primers were used to amplify the ITS region
with the PCR conditions according to Mazrou et al. (2020a). The
PCR products were sequenced by Macrogen International Co. Seoul,
Korea. Multiple nucleotide alignment of the ITS regions was per-
formed using BioEdit version 7.2.5 software then The BLAST tool
was chosen to compare the obtained sequences and related
sequences in the NCBI database. The phylogenetic tree was drawn
using MEGA software version 7.0.

2.5. Xanthium strumarium L. extraction

In September 2020, fresh leaves of cocklebur, X. strumarium
plants were collected from their natural habitat in the Al-Hada
(21�2200700N 40�1700500E) region near the Taif Governorate, Mecca
Province, Saudi Arabia. The fresh leaves were air-dried and ground
into a fine powder, then it was extracted with 100 ml ethanol or
methanol (95%) at room temperature for 3 days. Each extract (pel-
lets) was dissolved in an aqueous solution of dimethyl sulfoxide 1%
(DMSO). Then, the extracts were stored at 4 �C until they were used
for the experiments and HPLC analysis.

2.6. HPLC analysis for phenol and flavonoid compounds

The analysis and detection of Phenol and flavonoid compounds
for the tested extracts were conducted according to Lu et al. (2011)
with minor modifications using Agilent 1260 Infinity HPLC Series
(Agilent, USA), equipped with a quaternary pump. Kinetex� 5 lm
EVO C18 100 mm � 4.6 mm, (Phenomenex, USA) was used as
the column and operated at 30 �C.

2.7. Antifungal activity of X. strumarium extracts

The antifungal activities of X. strumarium extracted by both
ethanol and methanol were investigated using the agar disc diffu-
sion method against the isolated pomegranate pathogens including
P. implicatum, A. alternata, A. niger, F. oxysporum, and F. chlamy-
dosporum. Seven-day-old fungal culture was cut aseptically with
a sterile needle of generally 5 mm diameter and inoculated upside
down on the center of the PDA. Three replicates of each extract
were incubated for 7 days at concentrations of 100 mg/mL, as well
as the positive control Nystatin fungicide (100 lg/mL) at a



Fig. 1. A map shows Taif’s geographical location where samples were collected. Farm 1: Alrruddaf, Farm 2: Al-Shafa, Farm 3: Bani-Saaf and Farm 4: Thaqif.
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temperature of 28 ± 1 �C for fungi. Nystatin USP powder was pur-
chased from Medisca Inc. (Montreal, Canada). The fungal growth
was measured on the 7th day of incubation (Gaber et al., 2015).
The percentage of linear growth reduction of pathogenic fungi
compared with control was calculated using the formula given
by Khalil and Dababneh (2007).

Inhibition zone percentage ¼ ½ðR1� R2Þ=R1� � 100where
R1 = radius of the untreated pathogen and R2 = radius of the trea-
ted pathogen.

2.8. Antagonistic activity against some pomegranate pathogens

The biocontrol activities of Trichoderma (Hypocreales: Hypocre-
aceae) strains (strains ABSA16, TSA17, and ABSA18) with accession
numbers MK680282, MK680283, and MK680282, respectively
were examined in two sets against the following pomegranate
pathogenic fungi: Penicillium implicatum Biourge (Eurotiales: Tri-
chocomaceae), Alternaria alternata (Fr.) Keissl. (Pleosporales:
Pleosporaceae), Aspergillus niger van Tieghem (Eurotiales: Tri-
chocomaceae), Fusarium oxysporum Schlecht (Hypocreales: Nec-
triaceae), and F. chlamydosporum Wollenw. & Reinking by the
dual culture technique using PDA medium as described by Fahmi
et al. (2012).

2.9. Statistical analysis

The means of Trichoderma antagonistic activity and both
extracts of X. strumarium against pomegranate pathogens were
analyzed using Pearson’s simple linear correlation coefficient (r)
test with SPSS software (SPSS, 2006). The data are shown as
means ± standard error, and differences with p < 0.05 were consid-
ered to be significant.

3. Results

3.1. Observation of the rot symptoms

Both types of disease symptoms, such as soft and dry rot were
noticed on the pomegranates. The soft rot lesions in the fruits
had a mushy appearance; with a yellowish-brown coat and dark
3

color at the edge (the blue dotted line indicates the rotten area
as shown in Fig. 2a). Black-spotted mildew appeared on the lesion
at the late stage of infection (Fig. 2a). In the dry rot case, the lesions
were dry and brown, with an irregular shape (Fig. 2b). As shown in
Fig. 2c the fruit was infected with Penicillium, Fig. 2d depicted
Aspergillus-infected fruit, Fig. 2e depicted dry rot within the fruit,
and Fig. 2f depicted soft rot within the fruit.

3.2. Morphological identification

A total of 149 fungal isolates were collected from the infected
pomegranate plants and the rhizosphere of different regions in
Taif, Saudi Arabia (Table 1and Fig. 3). Twenty-two of them were
fast-growing in shades of green, sometimes white, with dense
conidiophores which identified as Penicillium sp. Twenty-one iso-
lates were identified as Alternaria sp.; their conidia were of muri-
form shape and light brown. Forty-eight isolates were classified as
Aspergillus sp. Their colonies grew on PDA, having initially white
floccose mycelium spread rapidly, turning quickly into black color
colonies due to producing black spores. Fifteen isolates were iden-
tified as Fusarium sp., with dirty white dense mycelia growing in
thick concentric rings, and yellow pigmentation at the periphery
was also found. Some isolates showed light pink pigmentation in
the center. The eighteen isolates, which grown on a PDA media;
they formed several concentric rings with green conidia that
increased in density in the center and then spread to the extremi-
ties, which were known to be Trichoderma spp. Finally, the isolates
were numbered sequentially and stored for the next experiment.

3.3. Fungal isolates and phylogenetic analysis

The ITS region sequencing is a powerful tool for identifying fun-
gal species. Data in Table 2 display the results of NCBI BLAST
queries for the 13 pomegranates pathogenic fungus isolates cho-
sen. For the 13 fungi isolates queries, E values were zero, which
indicated non-chanced alignments. The identifying percentage
with similar species ranged from 96% with P. implicatum TU-1 to
99% with A. niger TU-7. According to the phylogenetic tree
(Fig. 4), the three isolates TU-1, TU-2, and TU-3 were identified
as P. implicatum. Nucleotide comparisons of ITS regions among P.



Fig. 2. Symptoms of the infected pomegranate fruit: soft rot (a), dry rot (b), infected fruit with Penicillium (c), infected fruit with Aspergillus (d), dry rot inside the fruit (e),
and soft rot inside the fruit.

Table 1
A list of fungi isolated from pomegranate plants and rhizosphere at different locations of Taif, Saudi Arabia.

Fungi Place of collection No. isolates

Location 1 Location 2 Location 3 Location 4

Penicillium sp. 6.00 5.00 4.00 7.00 22.00
Alternaria sp. 3.00 12.00 2.00 4.00 21.00
Aspergillus sp. 12.00 9.00 15.00 12.00 48.00
Fusarium sp. 6.00 4.00 2.00 3.00 15.00
Trichoderma sp. 4.00 6.00 2.00 6.00 18.00
Others 6.00 7.00 5.00 7.00 25.00

Whereas, Farm 1: Alrruddaf, Farm 2: Al-Shafa, Farm 3: Bani-Saaf and Farm 4: Thaqif.
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implicatum strains and other similar strains from NCBI revealed
that P. implicatum TU-1, TU-2, and TU-3 strains exhibited 97, 98,
and 99% similarity with strain P. implicatum MF687276; 98, 97,
and 96% identity between A. niger MW081366 from the GenBank
and each of A. niger TU-7, TU-8, and TU-9 strains. Fusarium oxyspo-
rum TU-10 and TU-11 showed high genetic similarity with about
99 and 98% with strain F. oxysporum OK087316, whereas F. chlamy-
dosporum TU-12 and TU-13 showed genetic similarity with 99 and
98% with the strain F. chlamydosporum MZ914682. Alternaria alter-
nate TU-4 and TU-5 displayed moderate genetic similarity ranging
from 96 and 98% with strain A. alternataMH237643; while A. alter-
nata TU-6 was highly similar to the same strain A. alternata
MH237643 from NCBI database.
3.4. Phenol and flavonoid compounds in X. strumarium

The extraction of phenols and flavonoids from two extracts
using two polar solvents (Ethanol and Methanol) yielded a variety
of chemicals depending on the chemical composition and solvent
used. A large amount of kaempferol, followed by resveratrol and
myricetin, were extracted by ethanol and methanol. Moderate
amounts of rosmarinic acid, ellagic acid cinnamic acid, caffeic acid,
o-coumaric acid, and rutin followed by low amounts of catechol,
chlorogenic acid, catechin, p-coumaric acid, p-hydroxybenzoic
acid, syringic acid, and quinol were found in the extracts (Table 3).
On the other hand, naringenin, vanillic acid, gallic acid, 3-
hydroxytyrosol, and pyrogallol were non detected in the extracts
due to the few ingredients in the tested extracts. The presence of
4

hydroxyl and carboxylic groups, which were bound to the solvents
by hydrogen bonds, revealed the high polarity of these compounds
in the chemical structures of the extracted components (Table 3).
3.5. Antifungal activity of X. strumarium extracts

Data in Table 4 and Fig. 5 show the average % inhibition of
pomegranate pathogen mycelial growth after treatment with etha-
nol and methanol extracts at concentrations of 100 g/mL, as well as
the positive control Nystatin fungicide (100 lg/mL). Both ethanol
and methanol extracts could inhibit the growth of pomegranate
pathogens mycelia. The reduction percentage in the pathogen’s
growth varied between 40.32 ± 1.01% and 69.53 ± 1.10% with etha-
nol extract and between 44.40 ± 0.89% and 74.28 ± 0.85% with
methanol extract compared to the Nystatin fungicide that ranged
from 44.43 ± 1.07% to 85.71 ± 1.17%. The fungicide treatment
showed the highest inhibition percentage (85.71%) against P. impli-
catum. When compared to the fungicide treatment, the methanol
extract inhibited the mycelial growth of P. implicatum much more,
with an inhibition percentage of 74.28 ± 0.85%, followed by the
ethanol extract (65.56 ± 1.85%) Interestingly, A. alternata was more
significantly inhibited (70.40 ± 1.07%) by methanol extract fol-
lowed by ethanol extract (69.43 ± 0.99%), whereas fungicide treat-
ment was the lowest % inhibition (66.67 ± 0.54%). Fusarium
oxysporum and F. chlamydosporum were significantly (50.00 ± 1.1
6%) inhibited by methanol extract, followed by fungicide treatment
(48.89 ± 1.14%), while ethanol extract treatment recorded the low-
est inhibition percentage (42.22 ± 0.93%). Moreover, In



Fig. 3. Microscopic image of pomegranate pathogenic fungi, a and b: conidiophore, conidial head and conidia of A. niger, c: conidia of F. oxysporium, d and e: conidiophore
and conidia of F. chlamydosporum, f and g: conidia of A. alternata, h and i: conidiophore, philidia and conidia of P. implicatum.

Table 2
The NCBI BLAST query for fungi isolated from pomegranate in Taif, Saudi Arabia.

Isolates Species Query
coverage %

E
Value

Ident % Accession number

TU-1 Penicillium implicatum 98.00 0.00 96.00 OK562113
TU-2 P. implicatum 99.00 0.00 97.00 OK562114
TU-3 P. implicatum 99.00 0.00 98.00 OK562115
TU-4 Alternaria alternata 99.00 0.00 98.00 OK562116
TU-5 A. alternata 98.00 0.00 96.00 OK562117
TU-6 A. alternata 99.00 0.00 99.00 OK562118
TU-7 Aspergillus niger 100.00 0.00 99.00 OK562119
TU-8 A. niger 100.00 0.00 98.00 OK562120
TU-9 A. niger 100.00 0.00 97.00 OK562121
TU-10 Fusarium oxysporum 100.00 0.00 99.00 OK562122
TU-11 F. oxysporum 99.00 0.00 98.00 OK562123
TU-12 F. chlamydosporum 100.00 0.00 99.00 OK562124
TU-13 F. chlamydosporum 100.00 0.00 98.00 OK562125
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Trichoderma, the mycelial growth was significantly (79.63 ± 1.11%)
inhibited by fungicide treatment followed by methanol extract (59.
36 ± 1.08%), while ethanol extract showed the lowest inhibition
percentage (53.12 ± 0.91%).

3.6. Antagonistic ability of Trichoderma spp. in dual culture

The antagonistic effects of three Trichoderma strains (TSA-16,
TSA-17, and TSA-18) were tested against pomegranate pathogens
(P. implicatum, A. alternata, A. niger, F. oxysporum, and F. chlamy-
dosporum) on PDA medium. Only plant pathogen species and Tri-
choderma isolates were inoculated in the negative control plates.
The contact zone was a curve in all the tested dual culture plates,
with concavity oriented towards the pomegranate pathogen
5

(Table 5 and Fig. 6). The reduction percentage in the growth of
these pathogens varied between 33.33 ± 1.01% and 72.50 ± 1.21%
. Among all Trichoderma strains, ABSA-16 strain showed a signifi-
cantly higher % inhibition of the mycelial growth of P. implicatum
with 72.50 ± 1.21% inhibition followed by strain TSA-17 (70.21 ± 0
.97%). In comparison, ABSA-18 gave the lowest inhibition percent-
age (66.67 ± 1.11%) against P. implicatum. Moreover, A. alternata
was more significantly (72.50 ± 0.97%) inhibited by ABSA-18 strain
followed by TSA-17 strain (69.33 ± 0.89%), whereas ABSA-16 gave
the lowest % inhibition (67.50 ± 0.99%). Mycelial growth of A. niger
was significantly (56.67 ± 0.96 and 56.67 ± 0.74%) inhibited by
ABSA-16 and ABSA-18 strains, followed by TSA-17 strain which
showed the lowest inhibition (33.33 ± 1.01%). Fusarium oxysporum
and F. chlamydosporum were significantly (65.71 ± 0.91%) inhibited



Fig. 4. Phylogenetic tree and diversity of 5.8S-ITS region in some pomegranate pathogenic fungi isolated from different regions of Taif, Saudi Arabia.

Table 3
Phenols and flavonoids components (mg/kg) in Xanthium strumarium extracts.

Compounds Xanthium-ethanol Xanthium-methanol

Kaempferol 5525.58 7612.25
Resvertol 4060.61 3323.80
Myricetin 1451.58 1421.75
o-Coumaric acid 85.91 123.80
Caffeic acid 74.40 317.70
Quercitin 59.50 1456.90
Rosmarinic acid 57.60 629.50
Cinnamic acid 52.92 112.60
Chlorogenic acid 19.00 75.19
Syringic acid 15.70 45.84
Quinol 12.20 18.20
Benzoic acid 553.30 ND
Ferulic acid 17.25 ND
Ellagic acid ND 748.35
Rutin ND 116.03
Catechol ND 85.05
Catechin ND 56.13
p-Hydroxy benzoic acid ND 43.37
p-Coumaric acid ND 32.58
Vanillic acid ND ND
Gallic acid ND ND
3-Hydroxytyrosol ND ND
Naringenin ND ND
Pyrogallol ND ND

ND = non-detected (less than the instrument sensitivity).
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by ABSA-18 strain, followed by ABSA-16 strain (57.77 ± 0.95%),
while TSA-17 strain showed the lowest % inhibition (51.35 ± 0.92%).
4. Discussion

The ITS region sequencing is a powerful tool for identifying fun-
gal species. It is difficult to precisely identify fungi based just on
their morphological characteristics, therefore, in such tasks, inte-
gration of morphological and molecular parameters has been
employed. DNA coding is a newmethod for reliable and rapid iden-
6

tification of different fungi at the species level (Hassan et al., 2019).
The nrITS region is the global barcode for fungi, and the ITS1 and
ITS2 subregions have been applied as metabolic markers (Hassan
et al., 2019; Mazrou et al., 2020b). According to recent research,
the ITS region sequence is one of the most successful approaches
for identifying fungal strains through molecular analysis. Molecu-
lar identification to species level of fungi using ITS region sequenc-
ing has recently been used for accurate identification of Penicillium
species (Visagie et al., 2014), Fusarium (Carvalhais et al., 2019), Tri-
choderma (Hassan et al., 2019), Alternaria species (Mohammadi and
Bahramikia, 2019), and Aspergillus species (Mazrou et al., 2020b).

Due to the similarity of the molecular results with the morpho-
logical and microscopic results that helped in the identification of
pathogens isolated from pomegranate, scientific approaches were
employed in this research to identify distinct pomegranate patho-
gens (Rosas-Burgos et al., 2017; Nakasugi et al., 2021). By integrat-
ing the results of morphological analyzes, such as culture
appearance and conidia morphology, with molecular analyzes
and determination of the ITS region sequencing, different patho-
gens that are responsible for the rot diseases of pomegranate fruit
were reported previously, such as Botrytis cinerea (Nakasugi et al.,
2021), Fusarium spp. (Rosas-Burgos et al., 2017), P. implicatum, A.
niger (Parveen et al., 2017a), A. alternate (Yao, 2017) and Fusarium
oxysporium (Mariolatry et al., 2022).

Plant extracts and bio-control agents may exert significant bio-
logical activity against plant fungal pathogens and thus may be
used as bio-fungicidal agents (Romanazzi et al., 2012; Cheurfa
et al., 2020). These products offering as a selective to a specific tar-
get with shorter shelf life, limited field persistence, and with no
residual threats. These offer an important role to play in integrated
pest management (IPM) programs (Nuzhat and Vidyasagar, 2013).
The extract of X. strumarium is a traditional medicinal plant in KSA,
showing a wide range of antifungal effects on different fungi such
as A.niger, A. flavus, Fusarium spp., and A. alternata (Parveen et al.,
2017b). The extract exhibit greater potentiality to anti-fungal
action due to the presence of terpenes (Bisht and Singh, 1978) fol-
lowed by the compound named ‘acetyl xanthumin’ as it dominates
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the fungal derivative. The mycelial growth of F. moniliforme can be
inhibited by the extract of the plant (Kishore et al., 1982). The
extract activity suppresses the action of fluconazole and hexane
content (Amerjothy et al., 2007) against A. fumigatus by increasing
the activity of the free-chemical group. Furthermore, treatment
with X. strumarium extracts inhibited the growth of a wide range
of fungal strains including A. niger, A. flavus, F. oxsporum, F. solni,
A. alternate, and P. digitatum (Parveen et al., 2017b). Thus, the high
Fig. 5. Antifungal activity of Xanthium strumarium extracts against various pomegran
harzianum. Whereas, 1: Negative control (duple distilled water); 2: Positive control (10

Table 5
The antagonistic potential of three Trichoderma isolates against some pomegranate pathog

Pathogenic fungi % Antagonistic potential

ABSA-16

Penicillium implicatum – TU-1 72.50 ± 1.21a

P. implicatum – TU-2 72.50 ± 1.07a

P. implicatum – TU-3 68.76 ± 0.89b

Alternaria alternata – TU-4 67.50 ± 0.99b

A. alternata – TU-5 58.80 ± 1.02c

A. alternata – TU-6 57.61 ± 0.72d

Aspergillus niger – TU-7 51.11 ± 1.10f

A. niger – TU-8 56.67 ± 0.96de

A. niger – TU-9 42.22 ± 1.01 h

Fusarium oxysporum – TU-10 45.71 ± 0.87 g

F. oxysporum – TU-11 56.75 ± 1.09de

F. chlamydosporum – TU-12 55.56 ± 1.12e

F. chlamydosporum – TU-13 57.77 ± 0.95d

Values are the mean ± standard error. The means in each column followed by the same

Table 4
The Effectiveness of Xanthium strumarium extracts against various pomegranate pathogen

Pathogenic fungi % Inhibition zone

Fungicide (Nystatin)

Penicillium implicatum – TU-1 85.71 ± 1.17a

P. implicatum – TU-2 82.75 ± 1.03c

P. implicatum – TU-3 83.33 ± 0.94b

Alternaria alternata – TU-4 66.67 ± 0.54f

A. alternata – TU-5 64.50 ± 1.03 g

A. alternata – TU-6 65.61 ± 0.87 fg

Aspergillus niger – TU-7 82.50 ± 0.93c

A. niger – TU-8 77.63 ± 1.34e

A. niger – TU-9 80.40 ± 0.88d

Fusarium oxysporum – TU-10 46.76 ± 0.69i

F. oxysporum – TU-11 44.43 ± 1.07j

F. chlamydosporum – TU-12 48.89 ± 1.14 h

F. chlamydosporum – TU-13 48.70 ± 0.68 h

Trichoderma – TSA-16 67.76 ± 0.71f

Trichoderma – TSA-17 77.63 ± 0.84e

Trichoderma – TSA-18 79.63 ± 1.11d

Values are the mean ± standard error. The means in each column followed by the same
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concentration of X. strumarium extract gave high antifungal action
to protect pomegranate against various pathogenic fruit rot fungi
and it is considered a highly effective and cost-effective approach.

Trichoderma species are widely used as biocontrol agents due to
their efficient utilization of nutrients, high reproductive capacity,
and strong aggressiveness against other pathogenic organisms.
The main strategy of Trichoderma spp. to inhibit other pathogens
involves mycoparasitism. Krauss et al. (1998) have shown that the
ate pathogenic fungi, (a) is F. chlamydosporum, (b) is F. oxysporium, and (c) is T.
0 lg/ml Nystatin), 3: Xanthium ethanol extract, and 4: Xanthium ethanol extract.

enic fungi.

inhibition

TSA-17 ABSA-18

70.21 ± 0.97a 65.00 ± 1.08c

70.21 ± 1.10a 63.30 ± 0.82d

65.72 ± 1.02d 66.67 ± 1.11b

69.33 ± 0.89b 72.50 ± 0.97a

55.46 ± 0.93e 62.10 ± 0.89 g

67.53 ± 0.76c 60.00 ± 1.00 h

44.62 ± 0.61 g 56.67 ± 0.74i

33.33 ± 1.01i 52.22 ± 1.04j

42.30 ± 1.11 h 44.54 ± 1.13 k

55.26 ± 0.78e 65.71 ± 0.91c

51.35 ± 0.92f 62.16 ± 0.99 g

52.51 ± 0.88f 64.44 ± 0.84e

54.27 ± 1.09ef 62.22 ± 1.18 g

letter are not significantly different at P � 0.05.

ic fungi.

Ethanol extract Methanol
extract

65.56 ± 1.85c 74.28 ± 0.85a

59.89 ± 0.99e 68.96 ± 0.94 cd

63.40 ± 0.73d 70.22 ± 1.32b

65.78 ± 0.91c 67.20 ± 1.11d

68.55 ± 1.06b 69.43 ± 0.99c

69.53 ± 1.10a 70.40 ± 1.07b

57.89 ± 0.63f 66.43 ± 1.03e

50.21 ± 0.82 h 69.22 ± 0.67c

54.10 ± 1.01 g 64.78 ± 0.19f

44.45 ± 1.21i 47.56 ± 0.97 h

40.32 ± 1.01 k 44.40 ± 0.89j

42.22 ± 0.93j 46.67 ± 1.02i

42.43 ± 0.89j 50.00 ± 1.16 g

53.12 ± 0.91 g 64.40 ± 0.89f

56.28 ± 1.33f 69.67 ± 1.24c

59.36 ± 1.08e 73.69 ± 0.52b

letter are not significantly different at P � 0.05.



Fig. 6. Antagonistic activity (in vitro) of the Trichoderma sp. against (A) F. oxysporum (B) F. chlamydosporum and (C) A. niger on PDA plates. Whereas the top plate is a
pathogen, the bottom plate is Trichoderma as biological control, and the plate in the middle is the interaction between pathogen and Trichoderma.

M.M. Hassan, M.M. Soliman, S. Al-Otaibi et al. Journal of King Saud University – Science 34 (2022) 102185
Trichoderma spp. can mycoparasitic various pathogens viz., Botryo-
diplodia theobromae, Colletotrichum spp., Fusarium spp., andAspergil-
lus sp. The results of paired culture of Trichoderma with Penicillium
spp., Alternaria sp., Aspergillus spp., Fusarium spp. inoculated on
potato dextrose agar medium showed that the hyphae of the antag-
onistic Trichoderma inhibited Penicillium spp. mycelia when they
came in contact with each other. The death of the pathogen was
due to starvation resulting from the competition for limited nutri-
ents and space (Siameto et al., 2011; Hassan et al., 2019). The inhibi-
tion of mycelial growth of Penicellium sp. by dual culture could be
due to its fast-growing nature. Similarly, Calistru et al. (1997) have
shown that the production of volatile substances of T. harzianum
and T. viride inhibited the growth of F.moniliforme andA. flavus. Also,
the antagonistic properties of Trichoderma sp. against Aspergillus sp.
and Penicillium spp. have been reported (Agarwal et al., 2011).
Kishoreet al. (2001)havedemonstrated that in vitro the Trichoderma
spp. significantly reduced the radial growth of Aspergillus spp.
Besides, Trichoderma isolates significantly inhibited Aspergillus spp.
growth (Rao and Sitaramaih, 2000).
5. Conclusions

Rot disease is themain problem for the growth and production of
pomegranate trees and fruit that have grown under Taif Governrate.
The isolated pathogens were P. implicatum, A. alternata, A. niger, F.
oxysporum, and F. chlamydosporum, based on morphological and
molecular identification. The X. strumarium extracts and Tricho-
derma strains showed strong inhibitory effects on most pathogenic
fungi. The superior treatments were Trichoderma inmost cases. This
indicated that theX. strumarium or/and Trichoderma can be used as a
natural and safe alternative to synthetic pesticides. Moreover, it is
necessary to complete the studyof this part to knowtheexact names
of the active substances and theirmechanismof action in theX. stru-
marium extract. Accordingly, the present study demonstrated that
locally available botanicals such as X. strumarium and biocontrol
agents such as Trichoderma can successfully assist control the pome-
granate’s pathogenic fungi at pre-and post-harvest, and hence can
be successfully included in IPM programs.
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