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June 17, 2025 This study was conducted in the Graduate Studies Laboratory of the
College of Agriculture, University of Kerbala, with the aim of
isolating and identifying fungi associated with root rot and head
Accepted: blight in wheat plants using Polymerase Chain Reaction (PCR)
technology. PCR analysis results showed that the most pathogenic
isolates were Alternaria infectoria (B9), Fusarium equiseti (K1),
Fusarium oxysporum (A4), Fusarium culmorum (SH2), Fusarium
equiseti (K6), and Fusarium pseudograminearum (F2). The fungal
isolates were registered at the National Center for Biotechnology
Sep. 15,2025 | Information (NCBI) under the accesstion numbers: PV769992.1,
PV769993.1, PV769994.1, PV769995.1, PV769996.1, PV770002.1,
respectively. The results also showed the frequent occurrence of
several species of Fusarium in the studied samples.
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Introduction

Wheat (Triticum aestivum L.), a member of the Poaceae family, is the staple crop
for the majority of the world's population. It is grown locally and worldwide. It is rich
in proteins, including gluten, minerals (copper, magnesium, zinc, phosphorus, and
iron), vitamins (B and E groups), riboflavin, niacin, thiamin, and dietary fiber. The
proteins stored in wheat seeds represent an important source of nutrition and energy
and play a key role in determining the quality of bread [1]. Wheat is one of the oldest
field crops cultivated in the world as a primary source of food. It is cultivated in Iraq
in large areas, especially in the northern provinces, as the total cultivated area
reached 8,420 thousand dunums for the winter season of 2023, with a total
production of 4 million and 248 thousand tons [2]. Wheat is affected by many
pathogens and pests, causing significant losses. The most threatening pathogens are
fungi, which cause serious diseases on roots, leaves, and spikes, as one of the most
threatening plant pathogens in wheat-growing areas [3]. Fusarium Head Blight
(FHB), caused by several fungal pathogens, primarily F. graminearum, is a major
threat to global wheat production. It is a soil-dwelling fungus and is one of the most
serious challenges facing wheat cultivation in Iraq and the world, as it leads to
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significant yield losses and mycotoxin contamination [4]. which can have acute and
chronic toxic effects on humans and animals that consume infected plant parts [5].
Sarowar et al. [6]. reported that the fungus infects the floral tissues of small grains
such as wheat and barley, resulting in the production of small, light, shrivelled grains
contaminated with mycotoxins, especially deoxynivalenol, which contaminates the
grains and acts as a virulence factor to promote the spread of head blight (FHB) in
infected spikes, which can interfere with various plant functions to promote disease
development [7]. Other toxins produced by the fungus include zearalenone (ZEA)
and nivalenol (NIV) [8,9]. Root rot diseases are specific to agriculture worldwide,
causing economic losses that vary depending on the causative agent, plant
susceptibility, and environmental conditions. Among the various pathogens, root rot
fungi such as M. phaseolina, F. oxysporum, F. moniliforme, and R. solani are among
the most destructive pathogens of cereals including wheat [10]. Pathogens invade
root hairs early in the germination stage and cause infection to the true roots, which
then colonize the crown region of the plant, causing wilting and early death, resulting
in severe economic losses to the crop [11]

Therefore, the study aimed to isolate and diagnose the fungi associated with root
rot and ear blight in wheat plants using PCR technology.

Materials and Methods
Field Survey of the Disease

A field survey was conducted during the 2023/2024 agricultural season across
several wheat fields in the Ain Al-Tamr district of Karbala to estimate the percentage
of infection caused by root rot and spike blight. The fields were selected based on the
sampling areas outlined in the aforementioned sample collection table, with two
fields chosen from each of the eight designated regions, resulting in a total of 14
fields .

The survey followed the methodology described by Bock et al. [12]. employing a
diagonal walking pattern. Five evenly distributed survey points were established
within each field, and a standardized area of 1 m? was examined at each point. Within
this area, 20 randomly selected plants were assessed for disease symptoms. The
infection percentage was then calculated using the following formula:

Number of Infected Plants

C o
Infection % Total Number of Examined Plants * 100

Isolation and identification of fungi associated with wheat Triticum aestivum

The fungi were isolated from the root, crown and spike area of wheat (7riticum
aestivum L.), which showed symptoms of infection such as stunted growth, root rot,
crown rot, and light pink discoloration of the spike sheaths, which later turned brown.
The grains produced by the infected spikes were shrunken and lightweight, The
infected samples were collected from some farms located in the Ain Al-Tamr district,
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west of Karbala province, Table (1), and brought to the postgraduate studies
laboratory at the College of Agriculture,University of Kerbala to conduct the process
of isolating the pathogens. The plant parts were superficially sterilized using a 1%
sodium hypochlorite solution, then five pieces were transferred to each Petri dish
containing Potato Dextrose Agar medium using an autoclave at a temperature of
121°C and a pressure of 4 pounds per inch? for 20 minutes and incubated at a
temperature of 25 + 2°C for three days.Then the fungi were purified by transferring a
part of the tip of the fungal colony to another plate containing the PDA medium.
Then the fungal isolates obtained from the isolation process were stored in test tubes
containing the PDA slant medium (Agar slants), and all the tubes were stored in the
refrigerator at a temperature of (4°C).

Table (1): Areas from which wheat plants (7riticum aestivum L.) infected with root
rot and ear blight were collected

Location collection location Type | Symbol Col&c;?on
Fayda Al-Bu Hwa Jad F 2024/3/7

Abu Qabr Wafih K 2024 /3 /7

Al-Shakhat Ibaa 99 SH 2024/3/9
. Khadhira Bora \\ 2024 /4 /20

KarbaTl:I/n ‘Ar‘“‘ al- Sadah Nizar A [2024/3/23
Khashiba Arabia C 2024 /3 /28
Wadi Al-Shih Adna 99 B 2024 /3 /30

Testing the pathogenicity of isolated fungi on wheat seed germination

The pathogenicity of the isolated fungi was tested, which were 7 isolates of
Fusarium sp., 4 isolates of Rhizctonia sp., and 2 isolates each of Alternaria sp.,
Stemphilium sp., and Macrophomena sp. on WA medium, using the plate method
followed by [13]. A 0.5 cm diameter disc was taken from the edge of pure fungal
colonies of 7 days old growing on PDA medium and placed in the middle of a plastic
Petri dish containing WA agar medium. Then the inoculated dishes were incubated
for 3 days at a temperature of 25 + 2 °C. After that, the superficially sterilized local
wheat seeds were planted on the edges of the fungal colonies growing in the dish at a
rate of 10 seeds in each dish. Each fungal isolate was repeated three times, in addition
to the control treatment by planting sterilized wheat seeds without fungus and with
the same number of replicates . Then, all dishes were incubated at a temperature of
25 + 2 °C until all seeds germinated in the control treatment, and the germination
percentage was then calculated [14] as follows:

o treatment number of sprouted seeds
% germination = x100
compared to sprouted seeds number
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Abott's equation [15] was also used to calculate the percentage of inhibition as
follow:

R by treatment sprouted seeds number — comparison in sprouted seeds number
% inhibition = _ x100
by comparison sprouted seeds number

Testing the pathogenicity of the fungal isolates under study on germination and
infection of wheat seeds (Triticum aestivum L.) in plastic pots under field
conditions

This experiment was carried out by mixing a mixture of soil with peat moss (1:2)
and sterilized by a steam sterilizer at a temperature of 121°C and a pressure of 15
pounds per inch? for 60 minutes twice for two consecutive days. Then, the soil was
inoculated with the fungus carried on millet seeds at a rate of 1% after mixing the
inoculum in polyethylene bags with the soil and peat moss to homogeneity. Then, the
soil was placed in 1 kg plastic pots. Then, the soil was moistened by adding water to
it and covered with perforated polyethylene bags (to maintain moisture) for 48 hours.
Then, local wheat seeds were planted at a rate of 10 seeds/pot and watered carefully
whenever necessary. After the wheat seeds in the comparison had completed
germination, the percentage of germination and inhibition was calculated.

Molecular identification

To study the genetic and hereditary composition of the selected fungal isolates and
compare it with the genome of global isolates, 7 fungal isolates that are the most
pathogenic to wheat plants were selected by DNA sequence analysis, where the
commercial DNeasy plant kits were used for the purpose of extracting and purifying
genomic DNA from pathogenic fungi, following the instructions of the manufacturer.
The kit used Ready-To-Go PCR Beads in addition to the primers (‘ITS4 (5'-
TCCTCCGCTTATTGATATGC-3" and ITSS (5°-
GGAAGTAAAAGTCGTAACAAGG-3"), which amplify the Internal transcribed
spacer (ITS) duplicated regions located within the small and large subunit genes that
make up the ribosomes in the fungal chromosome [16] The PCR amplicons were sent
to Macrogen, South Korea. After receiving the data, the data were evaluated, cleaned,
and analyzed using Chromas and ApE plasmid Editor. The Basic Local Alignment
Search Tool (BLAST) was then used to determine the similarity between the
sequences of the studied fungi and those identified globally and stored in the
GenBank repository of the National Center for Biotechnology Information. The
results of this analysis process were also used to build a genetic tree that shows the
degree of similarity between local and global fungal isolates, using the Sequence
Alignment Editor BioEdit and Molecular Evolutionary Genetics Analysis programs.
The sequences of the nitrogenous bases of the local fungal isolates were then
deposited in the GenBank repository after assigning their own symbols [17].
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Statistical Analysis

All experiments were conducted according to a completely randomized design
(C.R.D.) as single-factor experiments. Means were compared using the least
significant difference (LSD) method at a probability level of 0.05 [18].

Results and discussion
Survey Findings on Wheat Fields in Karbala / Ain Al-Tamur

The comprehensive field survey conducted in Karbala Governorate (Ain Al-Tamr
district) revealed that all examined wheat fields were infected with root rot and spike
blight diseases. The widespread incidence of these diseases is likely the result of
several interrelated factors. Continuous wheat monoculture, or the repeated
cultivation of other Poaceae crops in the same fields, facilitates the buildup and long-
term persistence of pathogenic Fusarium inoculum in the soil. Similar findings have
been reported globally, where monoculture systems significantly increase pathogen
inoculum levels compared with diverse crop rotations that disrupt disease cycles
[19,20]. Favorable environmental conditions—particularly warm and humid
temperature regimes—further enhance disease development. Such conditions are
known to favor the proliferation of soil-borne pathogens responsible for crown and
root rot, as well as Fusarium head blight, which can also contaminate grains with
mycotoxins such as deoxynivalenol (DON) [21,5]. Excessive and recurrent use of
chemical pesticides, which may adversely affect both the environment and plant
health [22,23,24], Table (2) shows the infection rate and Infection %in the field
survey.

Table (2): The Infection % and the Infection Rate in the field survey

Location collection location | Field No. Infection™{Hinfection
% Rate
. 1 38.3
Faidat Al-Bu Hwa > 335 36.9
1 45
Abu Qabr ) 55 50
1 38.9
Al-Shakhat ) 103 39.6
i 1 55.9
Khadhira 5 533 54.6
. 1 44
Karbala / Ain al- Sadah 42 4
T 2 40.8
amr 1 235
Khashiba ) 203 21.9
) ) 1 13.3
Wadi Al-Shih 5 135 15.9
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Isolation and identification of fungi associated with wheat plant

The results of the sample collection and isolation of the associated fungi showed
that the disease of root rot of spikes was present in all the fields included in the study
in Karbala province during the growing season of 2024. The reason for the spread of
the disease in these areas may be attributed to the repeated cultivation of wheat or to
the cultivation of other crops belonging to the Poaceae family, which led to the
accumulation of pathogenic fungal inoculum that remains in the soil. The suitability
of environmental conditions, especially temperatures, or the widespread and repeated
use of chemical pesticides may have led to the development of resistance to
pathogens. Recurrent infection with Fusarium spp. has been observed. The results are
consistent with what has been reported by several studies [25,26,27,28]. and
Rhizctonia spp. The results are consistent with what has been reported by several
studies [29,30,31].

Testing the pathogenicity of fungal isolates on Water Agar medium

The results (Table 3) showed that all tested fungal isolates led to a significant
reduction in the germination percentage compared to the control treatment, in which
the seed germination percentage reached 100%. The isolates [K6, SH2, F2, A4]
outperformed the rest of the isolates in reducing the germination percentage, as the
average germination percentage reached 0.0% (Figure 1), and the inhibition
percentage reached 100%. This was followed by isolate (C2), in which the
germination percentage reached 3.33% and the inhibition percentage reached
96.67%, while the germination percentage for the rest of the isolates ranged between
10.00 - 86.67% and the inhibition percentage reached 90% 13.33%. The differences
in pathogenicity of isolates may be attributed to genetic differences among them, as
well as isolates of the same species collected from different regions, or to differences
in the ability of isolates to secrete pectin and cellulose-degrading enzymes, including
pectinase, phosphatase, cellulase, methylesterase, pectinase, and
pectinmethylhydrase, which have a significant impact on fungal pathogenicity, in
addition to the ability of these fungi to produce some toxins of a phenolic and
glycosidic nature. These results are consistent with many studies [32,33].

Table (3): The pathogenicity of isolated fungi on wheat seed germination

Seq Treatments % germination | % inhibition
1 Control 100 0.00
) Fusarium equiseti (K1) 0.00 100
3 Rhizctonia sp. (K2) 33.33 66.66
4 Fusarium equiseti (K6) 0.00 100
5 Rhizctonia sp. (C2) 3.33 96.67
6 Stemphilium sp. (C6) 13.33 86.67
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7 Fusarium sp. (shl) 30.00 70.00
8 | Fusarium culmorum (Sh2) 0.00 100
9 Rhizctonia sp. (F1) 10.00 100
Fusarium
10 pseudograminearum (F2) 0.00 100
11 Fusarium sp. (F4) 46.67 53.33
12 | Fusarium oxysporum (A4) 0.00 100
13 Rhizctonia sp. (45) 33.33 66.67
14 Stemphilium sp. (B5) 30.00 70.00
15 | Macrophomena sp. (B10) 80.00 20.00
16 | Alternaria infectoria (B9) 86.67 13.33
17 Macrophomena sp. (W1) 46.67 53.33
18 Alternaria sp. (W3) 70.00 30.00
L.S.D 5.665 5.962

*Note that each number is the result of three repetitions.

Control F.equiseti

Figure (1): The pathogenicity of the fungal isolates under study using wheat seeds on
(WA) medium

Testing the pathogenicity of the fungal isolates under study on germination and
infection of wheat seeds (7. aestivum L.) in plastic pots under field conditions
The results of the pathogenicity in plastic pots (Table 4) showed that all the fungal
isolates under study were able to infect wheat seeds and seedlings, with the
germination percentage ranging between 0.00 - 56.67% and inhibition 100 - 43.33%.
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These treatments differed significantly from the healthy control treatment, which had
an infection percentage of 0.00% and a germination percentage of 100%. The isolates
(Sh2, F2, K1, and A4) were superior in their pathogenicity, with a germination
percentage of 0.00% and a inhibition percentage of 100% (Figure 2), while the isolate
(F2) had the lowest pathogenicity, with a germination percentage of 43.33% and an
inhibition percentage of 56.67%. Other isolates varied in their pathogenicity on wheat
seeds and plants, with some isolates causing pre-germination seed rot or seedling
death. Many Fusarium spp. species cause seed and root rot and seedling death on
many plant hosts. This is due to their parasitic nature and the abundant growth of
fungal mycelium within vascular tissues, which obstructs the flow of water and salts
to the leaves. Furthermore, the enzymes and toxins produced by the fungi play a
major role in decomposing plant cell walls and allowing the fungus to penetrate plant
tissues such as roots, seeds, and stems, potentially preventing germination or killing
embryos [33,34,27]. Based on these results, the isolates that were most inhibitory to
wheat growth were selected for molecular diagnosis.

Table (4): Detection of pathogenic isolates using wheat seeds in plastic pots under
greenhouse conditions

Seq Treatments % germination | % inhibition
1 Control 100 0.00
) Fusarium equiseti (K1) 0.00 100
3 Rhizctonia sp. (K2) 6.67 93.33
4 Fusarium equiseti (K6) 6.67 93.33
5 Rhizctonia sp. (C2) 23.33 76.67
6 Stemphilium sp. (C6) 26.67 73.33
" Fusarium sp. (shl) 20.00 80.00
8 Fusarium culmorum (Sh2) 0.00 100
9 Rhizctonia sp. (F1) 6.67 93.33

Fusarium
10 pseudograminearum (F2) 0.00 100
11 Fusarium sp. (F4) 56.67 43.33
12 | Fusarium oxysporum (A4) 0.00 100
13 Rhizctonia sp. (45) 23.33 76.67
14 Stemphilium sp. (B5) 30.00 70.00
15 Macrophomena sp. (B10) 33.33 66.67
16 | Alternaria infectoria (B9) 10.00 90.00
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17 Macrophomena sp. (W1) 53.33 46.67
18 Alternaria sp. (W3) 20.00 20.00
L.S.D 12.098 7.126

*Note that each number is the result of three repetitions.

F. equiseti Control

Figure (2): The pathogenicity of a number of fungal isolates under study in plastic
pots.

Molecular identification

The results showed that the DNA was amplified by polymerase chain reaction
(PCR) with a size of 600 bp using the primers ITS1-ITS4. The analysis of the
sequence of the amplified DNA by polymerase chain reaction (PCR) showed that the
fungal isolates isolated in this study belong to the fungi A. infectoria (BY), F. equiseti
(kl), F. oxysporum (A4), F. culmorum (SH2), F. equiseti (k6), F.
pseudograminearum (f2), F. pseudograminearum (F2). The results also demonstrated
the presence of a percentage of variation between the fungal isolates diagnosed in this
study and the isolates previously diagnosed and registered at the National Center for
Biotechnology Information (NCBI). Therefore, these isolates were registered at the
aforementioned center under the accession numbers (PV769992.1 , PV769993.1 ,
PV769994.1 , PV769995.1 , PV769996.1 , PV770002.1 ) , respectively.
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OR685707.1 Alternaria infectoria isolate BL-3-V9G
ON100876.1 Alternaria nfectora isolate SLS 022 045 B @ PV763993.1 Fusariam equisetisote Bashr2
GQ376103.1 Alternaria infectoria strain UOA/HCPF 9942 0Q561206.1 Fusarium equisetistrain NL-374-D
\; MT548676.1 Alternaria infectoria isolate F HDL 1 con PQ482034.1 Fusarium equiseti isolate XM14-4

MH205934.1 Alternaria infectoria isolate CJL878 MT428184.1 Fusarium equiseti isolate CC1-3
MK432739.1 Alternaria infectoria isolate JAC12718 PQ482033.1 Fusarium equiseti isolate XM16-3
@ PV769992.1 Alternaria infectoria isolate Bashr-1 KX576658.1 Fusarium equiseti isolate YT2
MW720804.1 Alternaria infectoria isolate 2

PQ482029.1 Fusarium equiseti isolate XZ4-5
MK460954.1 Alternaria infectoria strain ISK2 6

0Q421751.1 Fusarium equiseti isolate Sample-239
MGY78343.1 Alternaria infectoria

MT428183.1 Fusarium equiseti isolate CC1-1
KT692570.1 Alternaria infectoria strain VIEF18
MK461063.1 Alternaria infectoria strain IR1 2 PQIB23LT Fusarium equisetsolate YLI1-3
MN822713.1 Rhizoctonia solani strain 19/61 MN822713.1 Rhizoctonia solani strain 19/61

KU872849.1 Fusarium oxysporum isolate AFIC15
PV640836.1 Fusarium culmorum isolate Karbala-1
MH333107.1 Fusarium oxysporum isolate Mey4

MK?729631.1 Fusarium culmorum isolate Montana-ex4
——— MW995624.1 Fusarium oxysporum isolate F29 small
GU566271.1 Fusarium culmorum strain G5
— PQ796067.1 Fusarium oxysporum clone B
AY147294.1 Fusarium culmorum isolate CMF4
PP977442.1 Fusarium oxysporum clone AJ 3
AY147309.1 Fusarium culmorum isolate CWB500 {
MH607612.1 Fusarium oxysporum isolate MUC2
AY147305.1 Fusarium culmorum isolate ITCC146 MW993806.1 Fusarium oxysporum isolate F323
KP264632.1 Fusarium culmorum isolate M241 OR853713.1 Fusarium oxysporum isolate 22-E
MT640271.1 Fusarium cufmoram kolate M62A [ MH569610.1 Fusarium oxysporum isolate MUCI
AY147299.1 Fusarium culmorum isolate CSFS @ PV769994.1 Fusarium oxysporum isolate Bashr-3
@ PV769995.1 Fusarium culmorum isolate Bashr-4 MT300173.1 Fusarium oxysporum isolate 4RM2
MN822713.1 Rhizoctonia solani strain 19/61 internal MN822713.1 Rhizoctonia solani strain 19/61
PP336542.1 Fusarium pseudograminearum strain CS3096 MW131978.1 Fusarium equiseti strain BNHai
PV478111.1 Fusarium pseudograminearum isolate Karbala-1 0Q726782.1 Fusarium equiseti isolate AU S AR A1
DQ459871.1 Fusarium pseudograminearum strain NRRL28062 EU326202.1 Fusarium equiseti isolate XSD-80
NR 182316.1 Fusarium pseudograminearum NRRL 28062
0K509836.1 Fusarium equiseti strain SS1044 ITS
MH333075.1 Fusarium pseudograminearum isolate Ba7
@ PV769996.1 Fusarium equiseti isolate Bashr-5
PQ380915.1 Fusarium praegraminearum strain ICMP 25643
0Q561206.1 Fusarium equiseti strain NL-374-D
PQ380922.1 Fusarium praegraminearum strain ICMP 25651
MG570083.1 Fusarium pseudograminearum 0Q421772.1 Fusarium equiseti isolate Sample-262
PQ380908.1 Fusarium praegraminearum strain ICMP 25636 0Q421751.1 Fusarium equiseti isolate Sample-239
@ PV770002.1 Fusarium pseudograminearum isolate Bashr-6 KU059931.1 Fusarium equiseti isolate E-522
MN822713.1 Rhizoctonia solani strain 19/61

MN822713.1 Rhizoctonia solani strain 19/61

Figure (3): The phylogenetic trees of the Studied Fungi
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