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Abstract

This study looked at the effects of biological control strategies for root and stem rot disease caused
by Rhizoctonia solani using soil organisms as biocontrol agents. The results of the field survey
showed the spread of root and stem rot disease on broad bean plants in some areas of Najaf
Governorate, where the infection rate ranged from 32- to 89.5%. The Isolation process showed that
five fungal isolates of Rhizoctonia solani were associated with the disease, which differed in some
phenotypic characteristics in terms of growth speed and color difference. The results of the
molecular diagnosis using the ITS marker sequencing for the three most pathogenic isolates showed
that they were belonging to Rhizoctonia solani, thus were named Ahmed 1, 3, 4 and registered in
the GenBank under accession numbers; ON 394595.1, ON 394597.1, and ON 394599.1,
respectively. In the pathogenicity test, R. solani isolates displayed a difference in their virulence on
broad bean plants, where R. solani 1 (Al-Mashkhab isolate) was the most virulent among the
isolates and was selected for subsequent studies. Isolate T. longibrachiatum (T3) showed high
antagonistic efficiency against isolate of the pathogenic fungus R. solani on P.D.A culture media,
gave the highest inhibitory percentage 75.06% compared to isolates T1 and T2 of Trichoderma
harzianum, which led to inhibition of the pathogen to 68.71% and 68.94%, respectively. In the
culture filtrate test of isolates of the living fungi, isolate T3 had the highest inhibition in the growth
of pathogenic R. solani, which was 5.20 cm compared to the two live fungi T1 and T2, which led to
6.20 and 5.95 cm, respectively. As for the pots experiment, the results revealed that the isolate of T.
longibrachiatum (T3) protected the broad beans plants from root and stem rot pathogen, where the
disease was not seen compared to the treatment of the pathogenic fungus R. solani, only in which
the infection severity was 80%.
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Introduction

Broad bean, Vicia faba L., belongs to the
Fabaceae family, which ranks second after the
Grass family in terms of importance, as its
seeds contain high levels of protein estimated
at 25-40% (1). It is also the third most
important legume crop after beans and peas
(2). This crop is exposed to many agricultural
pests such as insect pests and fungal diseases.
Root and stem-base rot disease is considered
one of the most important fungal diseases that
affect the broad bean crop in many cultivated
lands in the world and lead to large
production losses of up to 100% when
conditions are suitable for the pathogen (3 and
4). This disease is caused by the pathogenic
fungus Rhizoctonia solai, which is one of the
most common fungal diseases in the world
and Iraq, causing economic losses. The
fungus attacks plants at all stages of their
growth, causing the rotting of seeds and death
of seedlings before and after emergence, and
causing rotting of the roots and the stem base.
Due to the importance of this disease, many
management methods have been used,
including chemical methods, physical
methods, and biological methods. The most
common and easiest — to - use methods are
chemical pesticides.

Due to the danger of these materials to the
environment, their high cost and toxicity to
humans and animals on the one hand, and the
ability of pathogens to develop resistance to
many chemical pesticides on the other hand
(5), the study turned to search for safe
alternative methods. One of the most
prominent of these methods is the use of
biological control using microorganisms
against plant pathogens. The most important
of these organisms is the biological control
agent, the fungus Trichderma spp. This
fungus is known to possess diverse

antagonistic ~ properties  against  plant
pathogens, involved in improving plant
growth and production through root
colonization and activation of defense
mechanisms (7 and 6). This research was
chosen due to the lack of studies on root and
stem rot disease, and the great losses it causes
on the broad bean crop. This study aimed to
isolate the fungus causing the disease, its
phenotypic and molecular diagnosis, and to
evaluate the use of the biological control
agent Trichoderma spp. to control the disease
caused by the fungus R. solani on broad
beans.

Materials and Methods

The study included conducting a field survey
of root and stem rot disease caused by the
pathogenic fungus R. solani, isolation of the
pathogen, and diagnosis of isolates of
pathogenic fungus R. solani morphologically
and molecularly, and testing the pathogenicity
of isolates of the pathogen R. solani. The
study also included testing the antagonistic
ability of Trichoderma spp. isolates against
the pathogic fungus on PDA culture medium,
and studying the effect of Trichoderma spp.
isolates filtrates on pathogenic R. solani
growth on PDA culture media.

Field survey

A survey was conducted of broad bean fields
planted with a local variety during the 2020-
2021 season in Najaf Governorate. Infected
broad bean plants were observed in each field
that showed symptoms of root and stem rot
disease. Also, the pathological symptoms
were observed on the roots of the affected
plants, and the percentage of infection was
calculated. Isolation of the pathogen from
each sample was carried out on the day
following sample collection (8).
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As for the isolation, purification, and
diagnosis of the fungi that cause root and
stem rot on broad bean plants. The affected
plant parts were cut and cultured on a
standard PDA culture medium, four pieces
were used for each plate. The plates were
incubated at 2+25°C for three days. Then
fungal colonies were purified by transferring
the terminal piece of mycelium to new Petri
dishes (PDA) and incubated at 2+25°C for 2-
3 days to obtain pure isolates of the pathogen
for further morphological diagnosis.

Phenotypic diagnosis of isolates of the fungus
Rhizoctonia spp.

The phenotypic diagnosis of the fungi isolated
from the pure fungi isolates to the genus level,
depending on the nature of growth, colony
color, and the structures formed by the fungus
was done using the approved taxonomic keys

9).
Molecular identification

The diagnosis was made using the polymerase
chain reaction (PCR) for the fungi isolated in
this study using two methods. The first is
molecular diagnostics using the internal
transcribed spacer (ITS) genetic marker. The
second is a molecular diagnosis by identifying
the complete genome of the isolates using
Next Generation Sequencing (10).

Table 1. Primers used for the PCR technique under study

PCR product size ~ Sequence 5 =—3 Primer
500-800 b TCC GTA GGT GAACCT GCG G F ITS1
P TCC TCC GCT TAT TGA TAT GC R ITS4

Nitrogenous base sequence determination and
bioinformatics analysis

After performing the PCR multiplication
process, the products were sent to Macrogen
Corporation in South Korea to determine the
nitrogenous base sequence of each fungal
sample. The data received from the company
was evaluated and analyzed using Chromas
software. For the purpose of knowing the
similarities between the studied mushrooms
and the fungi registered globally, the Basic
Local Alignment Search Tool (BLAST)
program of the National Center for
Biotechnology Information (NCBI) National
Center for Biotechnology Information was
used.

Study of the genetic compatibility of the
diagnosed fungal isolates

The genetic tree is of importance in the study
of mycology, through which the location and

degree of genetic compatibility of the globally
diagnosed fungal isolates can be known. The
program Molecule Evolutionary Genetics
Analysis (MEGA) (11). Was used. The
Neighbor-joining method was also adopted to
match the sequences under study using the
Clustwai alignment.

Pathogenicity test of R. solani isolates
causing root and stem rot in broad bean

The inoculum of the fungus R. solani was
loaded onto sterilized wheat seeds for 15
days. The pathogenicity test was conducted in
plastic pots (1 Kg soil) to which 5 gm of
wheat seeds loaded with pathogenic fungi
were added with three replicates for each
treatment, with three replicates and sterilized
wheat seeds only for the control treatment.
The pots were planted with superficially
sterilized broad beans, and 5 seeds/pot. Then
the pots were watered carefully and
distributed randomly under natural conditions
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while maintaining soil moisture whenever
needed. The percentage of germination of
seeds and dead seedlings was calculated after
15 days of sowing. The lengths of the shoot
and the soft root system were also calculated
after 30 days. The severity of the injury was
calculated according to the recommended
pathological evidence for roots (12). Where: 0
= healthy roots. 1 = discoloration of
secondary roots, 2= discoloration of the
secondary roots and part of the main root, 3=
main root discoloration but the stem base is
not affected, 4 = discoloration of the main
root and the base of the stem, 5=Death of the
plant.

Antagonistic ability test of T. harzianum 1
and 2 and T. longibrachiatum T3 against the
pathogenic fungus R. solani

The double culture method was used on a
PDA medium in a 9 cm Petri dish. Two
halves of the plate were inoculated with a 5
mm diameter disc from a 5-day-old culture on
a PDA culture medium, of R. solani or any of
the isolates of Trichoderma spp. The
experiment was carried out with three
replications, in addition to the fungus R.solani
treatment for the (control) unit, the dishes
were incubated at 25+2°C for 5 days, after
which the percentage of inhibition was
measured (13).

Effect of filtrate of Trichoderma spp. and
R.solani filtrate on radial growth of R. solani
on PDA medium

Filtrates of Trichoderma spp. isolates and the
filtrate of the fungus R. solani were prepared.
A 4 tablets of 5 mm diameter of 7-day-old
fungus grown on PDA were added to 250 ml
glass flasks with PSB liquid medium for each
fungus separately, taking into account the
shaking flasks (Shaker 150 rpm/min) to
ensure the spread of the fungi. at 10 days after

addition, the fungi were filtered on the liquid
medium using sterile filter paper, then the
filtrate was passed through (Millipore) 0.22
mm using sterile medical syringes.

A 5 ml of each filtrate was added to each Petri
dish with the addition of PDA culture
medium in three replications, with three
replications  without  filtrate  (control
treatment). The plates were inoculated with a
disc 5 mm from the edge of the plate of 5-
day-old R.solani fungus grown on PDA. The
dishes were incubated at 22+2°C for 5 days,
after which the radial growth rate was
calculated (15 and 14).

The study also included testing the effect of
the biological fungus Trichoderma spp.
isolates on the growth of broad bean plants in
plastic pots, and evaluation the efficiency of
Trichoderma spp. isolates in controlling the
pathogenic fungus R.solani (Al-Mashkhab
isolate) in the plastic pot soil.

Statistical analysis

Statistical analysis of the experimental data
was carried out using the statistical analysis
program Genstat and Excel program. The
averages were compared using the least
significant difference at the L.S.D probability
level of 5% (16).

Results and Discussion

Field survey

The results of the field survey (Figure 1)
showed that the fields of broad bean
cultivation in Najaf governorate showed root
and stem rot disease, with an infection rate
ranging from 32 to -89.5%. The highest
infection rate was recorded in the fields of Al-
Mishkhab district with 89.5%, followed by
Al-Hurriya district with 86%. It was also
observed that the disease spread in the fields
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of Abu Sakhir district 32%, Al-Hira sub-
district, 40% and Al-Abbasiya sub-district,
41.4%. The wide spread of the disease may be
due to the repeated cultivation of broad beans
annually in these areas, and the suitability of
the environmental conditions that led to the

100 -

90 -

Infection rate %

accumulation of fungal inoculum and the
structures formed by the fungus as stone
bodies (Sclerotia) in the soil that are resistant
to environmental conditions. In addition to
the lack of effective ways to control the
pathogen endemic in the soil (18 and 17).
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Figure 1. Incidence of broad bean infection with root and stem rot disease caused by R. solani in

the surveyed fields within the Al-Najaf Governorate

Isolation and identification of fungi causing
root and stem rot on infected bean plants

The results of isolation, purification, and
microscopic examination of fungi grown from
planting infected parts of the broad bean plant
on P.S.A. culture media showed that five
isolates belonging to the fungus Rhizoctonia
were obtained. After growing on culture
media, the isolates showed variation in some
phenotypic characteristics in terms of growth
speed and colony color, which is consistent
with the results of the isolation of a previous
study (19 and 17).

Phenotypic diagnosis of Rhizoctonia solani
isolates

Isolates of Rhizoctonia were diagnosed to be
the species it belongs to by relying on the
growth of colonies and the colors that are
formed during the growth of the mycelium,
which ranged from light brown to dark
brown. Divided by large diameter septa, it
branches near the terminal septa of the fungal
cells and is often at right angles and shortens
the cell that branches in the phylogenetic zone
(9). Figures (2, 3, and 4) show the colonies
that were grown on P.S.A culture medium for
the three most virulent isolates, depending on
the nature of their growth and the reduction of
the mycelium at the initial growth area.
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Figure 2. R. solani Al-Mishkab isolate, A) Colony upper face, B) Colony lower face, and C)
fungal mycelium

Figure 3. R. solani Hurriya isolate, A) Colony upper face, B) Colony lower face, and C) fungal
mycelium

Figure 4. R. solani Hira isolate, A) Colony upper face, B) Colony lower face, and C) fungal
mycelium

Molecular diagnosis of Rhizoctonia solani nitrogenous base sequences of the diagnosed
isolates species were registered in the GenBank
database under a specific Accession number

The Rhizoctonia solani isolates under study for each isolate (Table2)

were molecularly diagnosed, then the
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Table 2. R. solani isolates diagnosed and recorded in Gen Bank database with
their accession numbers

No. R. solani isolate name Accession number

1 Isolate Ahmed-1Rhizoctonia solani ON394595.1

2 Isolate Ahmed-3Rhizoctonia solani ON394597.1

3 Isolate Ahmed-4Rhizoctonia solani ON394599.1
The results of phylogenetic analysis of the the species diagnosed in this study with a
sequence of nitrogenous bases confirmed the group of global fungal isolates of the same
genetic relationship between the isolates of genus and species.

MTA476377.1 Rhizoctonia solani isolate 99 861 AGS R solani

MT446130.1 Rhizoctonia solani strain ZMXR25

JX162013.1 Rhizoctonia solaniisolate RS087-1

@ ON394595.1 Rhizoctonia solani isolate Ahmed-1

aq

KC590552.1 Rhizoctonia solani AG-5 isolate 4250

KC590608.1 Rhizoctonia solani AG-5 isolate 7155

KC590536.1 Rhizoctonia solani AG-5 isolate 4234

MNE40941.1 Rhizoctonia solani AG-5 isolate IS3

KJ188654.1 Rhizoctonia solani isolate 12

AM396563.1 Pythium aphanidermatum isolate Py-294

0.1

Figure 5. Genetic tree of the pathogenic fungus Rhizoctonia solani isolate Ahmed-1 detected in
the study (marked with a black dot). The tree was built based on ITS-rDNA region sequences,
compared with a number of isolates of the same fungus in Gen Bank previously registered at the
National Center for Biotechnology Information (NCBI). Genetic distances were calculated using the
neighbor-joining method. Use of the fungal isolate Pythium aphanidermatum as Out Group
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,7 KC590552.1 Rhizoctonia solani AG-5 isolate 4250

|— KC590551.1 Rhizoctonia solani AG-5 isolate 6649

72

MNG640955.1 Rhizoctonia solani AG-5 isolate 1S40
4,7 MNG640941.1 Rhizoctonia solani AG-5 isolate IS3
=
MNG640948.1 Rhizoctonia solani AG-5 isolate I1S23

‘ 4 ON394597.1 Rhizoctonia solani isoclate Ahmed-3

MTA476377.1 Rhizoctonia solani isolate 99 861 AGS5 R solani

‘ MHB861565.1 Rhizoctonia solani strain CBS 162.83

‘ MT446130.1 Rhizoctonia solani strain ZMXR25

AJI233465.1 Pythium zingiberum strain UOP389

Figure 6. Genetic tree of the pathogenic fungus Rhizoctonia solani isolate Ahmed-3 detected in
the study (marked with a black dot). The tree was built based on ITS-rDNA region sequences,
compared with a number of isolates of the same fungus in Gen Bank previously registered at the
National Center for Biotechnology Information (NCBI). Genetic distances were calculated using the
neighbor-joining method. Use of the fungal isolate Pythium aphanidermatum as Out Group

KX468802.1 Rhizoctonia solani isoclate CTNPAF 0119

o2

23 AY684924.1 Rhizoctonia solani strain Rol222 18S

=1 L @ ON394599.1 Rhizoctonia solani isolate Ahmed-4

MT159556.1 Rhizoctonia solani isolate CFC-0928

—— MWO12706.1 Rhizoctonia solani isolate CFC-0559

&0
——— MWO012688.1 Rhizoctonia solani isclate CFC-0148
s8

MT216895.1 Rhizoctonia solani isclate CFC-0942

MH231261.1 Rhizoctonia solani isoclate CMMA4677

MT159537.1 Rhizoctonia solani isolate CFC-0897

AJ233461.1 Pythium vanterpoolii strain DK1-6-3D

Figure 7. Genetic tree of the pathogenic fungus Rhizoctonia solani isolate Ahmed-4 detected in
the study (marked with a black dot). The tree was built based on ITS-rDNA region sequences,
compared with a number of isolates of the same fungus in Gen Bank previously registered at the
National Center for Biotechnology Information (NCBI). Genetic distances were calculated using the
neighbor-joining method. Use of the fungal isolate Pythium aphanidermatum as Out Group

Pathogenicity testing of isolates of the fungus solani isolated from (Hera, Mashkhab,
Rhizoctonia spp. Horreya, Abbasiya, and Abu Sakhir) had a
significant effect on the germination of broad

The results of the study showed in Table (3) bean seeds. Germination rates ranged from

that all isolates of the pathogenic fungus R.
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0.00% in Al-Heera isolate to 26.67% in Abu
Sakhir isolate, compared to 90% in the
control treatment. Most of the pathogenic
fungi did not lead to the death of seedlings. It
also showed a clear effect of the pathogenic
fungi in a significant reduction of growth
indicators in the shoot and root system
compared to the treatment that was not
inoculated with the pathogenic fungus.

Although all isolates led to the
emergence of infection on broad beans in
different degrees, the isolates of Hira,
Mishkab, and Al-Horriya were the most
virulent and led to infection severity of 100,
86.67, 53.33%, respectively, compared to the
rest of the isolates. The pathogenicity

difference between the tested isolates of R.
solani may be due to genetic and
environmental differences. The virulence of
the isolates ranged from moderate to severe,
and this may be due to the ability of the
different isolates to secrete toxins and seed-
degrading enzymes. Some isolates also cause
rotting of seeds before germination more than
causing the death of seedlings or large plants,
or vice versa. The virulence of R. solani
(Hira) and R. solani (Mishkab) isolates in
increasing the severity of infection (the more
pathogenic) may be due to the difference in
the ability to secrete important toxic enzymes
(21 and 20). In light of these results, the
isolate R. solani (Al-Mashkhab) was selected
for the subsequent studies.

Table 3. Pathogenicity of different isolates of the R. solani causing root and stem

rot in broad bean in plastic pots

Treatments Infection Seedlings Shoot length Root Infection
R. solani isolates rate % death % cm length severity %
Hira 0.00 0.00 0.00 0.00 100.00
Mishkab 20.00 30.00 5.33 2.23 86.67
Aboskair 26.67 0.00 10.67 7.50 33.33
Al-Abbassiya 20.00 0.00 10.00 5.67 33.33
Al-Hurriya 20.00 0.00 11.50 6.33 53.33
Control 90.00 0.00 13.67 9.00 0.00

L.S.D.(p<0.05) 8.39 37.74 5.765 1.731 16.77

Values are means of 3 replications

The results in Figure (8) indicated that the
isolates of the biological fungus Trichoderma
spp. has high antagonistic ability against the
fungus R. solani and led to the inhibition of
its growth on the PDA medium. It was
noticed that T. longibrachiatum T3 was
significantly superior to T. harzianum T1 and
T2 isolates in inhibiting the growth of
pathogenic fungus, with an inhibition rate of
75.06% compared to isolates T1 and T2,
which led to 68.71 and 68.94%, respectively.
It was found in previous studies the ability of
different species of Trichoderma spp. in

inhibiting the growth of the fungus R. solani
due to its different mechanisms. One of this is
the direct parasitism on the pathogenic fungal
mycillium. Also, competition ability for
nutrients, occupation, and production of
antibiotics that inhibit many pathogenic
enzymes. Also, the ability of biological
fungus to produce some toxic compounds
such as Trichothecin, Gliotoxin and Viridin,
and enzymes that degrade the cell walls of
pathogenic fungi such as Protease, B-1,3-
glucanase. And Chitinase (22). The efficacy
of Trichoderma spp., including the species
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used in this study, has been shown to be
antaginistic to many pathogenic fungi such as
F. oxysporum f.sp. lycopersici, F. solani and
R. solani (24 and 23). The results of this study

agreed with Koijam and Sinha (25) for the
efficacy of Trichoderma isolates to inhibit R.
solani growth when tested by dual culture
method.

L.S.D. 0.05=1.063

75.06

. 80.00 68.71 68.94
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Figure 8. The antagonistic ability of Trichoderma spp. T. harzianum (T1) and (T2), T.
longibrachiatum (T3) against the pathogenic fungus R. solani on PDA culture medium.

Effect of filtrate of Trichoderma spp. isolates
on the growth of pathogenic R. solani on
PDA culture medium

The results in Figure (9) showed that the
filtrate of isolates of the biological resistance
fungus Trichoderma spp. It led to a
significant inhibition of the growth of R.
solani when added to the nutrient media
compared to the control treatment. It was
observed that isolate T3 significantly
inhibited the growth of pathogenic fungi to
5.20 cm compared to isolates T1 and T2,
which led to a growth of 6.55 cm. Several
studies indicated the efficacy of Trichoderma

KJAS is licensed under a Creative Commons Attribution 4.0 International License.

spp. In inhibiting the growth of many plant
pathogens (26). The fungus T. harzianum
secretes several antigens or secondary
metabolites, including Acetaldehyde,
Alkypyrones,  Trichodermin,  Peptaibols,
Trichorzianine, Dermadine and Alamethicine.
These compounds have a direct or indirect
effect in inhibiting the growth of plant
pathogenic soil fungi, including R. solani
(27). In the study of Scarselletti and Faull (28)
it was found that there is a relationship
between the production of pyrone by T.
harzianum and the ability of the fungus to
antagonize F.oxysporum and R.solani in vitro.
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Figure 9. Effect of filtrate of Trichoderma spp. isolates on the radial growth of pathogenic R.
solani on PDA media. T. harzianum (T1), T. harzianum (T2), T. longibrachiatum (T3), R. solani
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The effect of isolates of the biological fungus
Trichoderma spp. in severity of infection and
growth indicators of broad beans in plastic
pots

The results of the study in Table (4) showed
that all isolates of Trichoderma spp. used
against the pathogenic fungus R. solani had
an effect on increasing the growth indicators
under study compared to the treatment
infected only with the pathogenic fungus. In
general, the highest growth parameter values
were in the combinations containing the T3
isolate. The results also showed that the
percentage of infection severity in treatments
containing  Trichiderma  isolates  was
significantly reduced compared to untreated

infected with R. solani ones. Only The reason
may be due to the production of the biological
fungus Trichoderma spp. of some peptides,
proteins, and enzymes as peroxidase enzymes
as well as some low molecular weight
compounds that contribute to stimulating
defense mechanisms in plants. This is
resulting in an increase in the production of
some phenolic and alcohol compounds that
have an inhibitory effect on pathogens. Also,
“the reason may be due to the increased
secretion of some proteins produced by
Trichoderma spp. upon sensitivity to the
presence of the pathogen and stimulating the
plant defenses against the pathogen (30, 31
and 29).

Table4. The effect of isolates of Trichoderma spp. on the percentage of infection
severity and growth indicators of broad bean plants in plastic pots

Plant height

Treatments cm Fresh

Shoot weight

Root weight Infection
Dry Fresh Dry SE\(/OZ)' ty
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Rs+ T1 18.30 10.50 1.10 6.50 0.74 5
Rs+ T2 17.50 10.50 1.14 6.53 0.72 20
Rs+ T3 22.88 11.93 1.38 7.23 0.85 0
Rs 14.13 7.50 0.68 5.05 0.41 80
Control 16.75 9.50 1.15 5.98 0.73 0
L.S.D.=0.05 2.504 2.898 0.1891 1.379 0.0691 16.96
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