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Abstract

The study included a field survey to determine the prevalence of fusarium wilt disease on
okra in different regions of Najaf, Diwaniyah, and Babylon. It was found that the infection
rate in the areas under study was between 18 and 73%. Results of isolation and phenotypic
characteristics of wilt-infected okra plants recorded six fungal isolates belonging to Fusarium
spp. Also, three isolates of Trichoderma spp. were isolated from the soil surrounding the roots
of intact okra plants. The efficiency of biological fungus isolates was studied in addition to a
fourth isolate which previously identified as Trichoderma longibrachiatum against the
pathogenic fungus. The isolated fungi varied in some phenotypic characteristics regarding
color variation and growth rate. The results of testing the pathogenicity of the pathogenic
Fusarium spp. isolates on okra in a pot experiment showed that isolate F2 (Isolate Abbasia)
was the most pathogenic, used in subsequent studies. The results of the molecular diagnosis
using Polymerase chain reaction (PCR) showed that the F2 isolate belongs to the fungus
Fusarium solani, which was registered in the Gen Bank under the number OQ729824 Isolate
T3 of the biological fungus Trichoderma spp., belonging to the fungus Trichoderma
harzianum, was registered with the accession number OQ729823. The isolate T3 T.
harzianum showed high antibody efficiency against F. solani on P.D.A culture media with an
inhibition rate of 82.8% in the test of fungal isolates' filters. Biologically, isolate T3 gave the
highest inhibition in the radial growth rate of F. solani compared to other isolates T1, T2, and
T4 Trichoderma spp. In the plastic pot experiment, the isolate of the biologically resistant
fungus 7. harzianum T3 led to the highest growth indicators of okra plants compared to other
biological isolates and worked to protect okra plants from fusarium wilt disease, as no
symptoms of the disease appeared on okra plants in the treatment of this isolate compared to
that. By treating the pathogenic fungus F. solani, the infection intensity reached 60%.
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Introduction

Okra, Abelmoschus esculentus L, belongs
to the Malvaceae family, and it is a
widespread crop in different regions of the
world, as the annual global output of okra
is about 6,000,000 tons annually (10). It is
considered one of the important green
crops that are grown in hot and warm
regions in Asian and African countries
(14). Many areas of okra cultivation suffer
from low crop productivity due to infection
with all pests and pathogens, the most
important of which is Fusarium spp. The
causative agent of fusarium wilt. Fusarium
wilt diseases are among the destructive
diseases that affect different plant hosts,
which appear most often in the form of
rapid or gradual wilting of the leaves and
branches of affected plants, ending with
the death of the entire plant, causing a
reduction in the number of plants and loss
of production (12). For controlling these
diseases, many methods have been used,
the most important of which is chemical
control, as it gives quick and guaranteed
results. However, the excessive and
indiscriminate use of pesticides and non-
compliance  with the recommended
instructions led to negative effects on
human health and the environment in
general (24 and 29). Therefore, the
researchers resorted to using soil revival to
control the pathogens, foremost of which
are species belonging to the fungus
Trichoderma spp. It is a widespread soil
fungus (13). The fungus species
Trichderma spp. Effective bio-agents for
fungal disease control that are safe,
environmentally friendly and widely used
against fungal pathogens including
Fusarium spp. (19). This study was
selected due to the importance of Fusarium

spp. and the significant losses it causes on
okra yield. Therefore, the study aimed to
isolate the fungus that causes fusarium wilt
disease, diagnose it phenotypically and
molecularly, and use the biological control
agent Trichoderma spp. to control
fusarium wilt disease on okra.

Materials and methods

The study included a field survey of
Fusarium wilt caused by the pathogenic
fungus Fusarium spp. The obtained
isolates of Fusarium spp. The biological
fungus Trichoderma spp. phenotypically
and molecularly. The pathogenicity of the
pathogenic fungus Fusarium spp. isolates
was also tested, and the antigenic ability of
the Trichoderma spp. isolates was tested
on P.D.A culture medium. In addition to
testing the effect of Trichoderma spp.
filtrate on the growth of the pathogenic
fungus Fusarium spp. on PDA culture
medium.

Field survey

The field survey covered 10 sites/fields in
three governorates: Najaf (Al-Hira, Al-
Manathira, Al-Abbasiya and Bahr Al-
Najaf), Diwaniya (Ghammas, Shafia and
Al-Shamiyya) and Babel (Markaz, Al-Kifl
and Al-Nil). Samples were collected
randomly from each site, and the infected
okra plants were observed in each field
through morphological and anatomical
wilting symptoms after making a
longitudinal section of the stem of the
infected plants. The infection percentage
was calculated. Also, samples of healthy
okra plants were collected with the soil
surrounding the roots for the purpose of
isolating the fungi. The isolation of wilt-
causing fungi and biotrophic fungi in
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plants and for each sample was carried out
on the next day of sampling.

Isolation, purification and identification of
wilt-causing fungi on okra plants

Infected parts were cut into small pieces,
sterilized with 1% sodium hypochlorite
(NaOCl) solution, and 4 pieces were
transferred to a sterile petri dish containing
sterile P.D.A culture medium. The plates
were incubated at 25 + 2°C for 2-4 days,
after which the fungi were purified by
taking a small piece from the edge of the
colony and placed in the middle of a plate
containing the same culture medium
(P.D.A). The plates were incubated for a
period of 5-7 days in the laboratory of
plant pathology / College of Agriculture /
University of Kufa, and the isolated fungi
were diagnosed outwardly "to the level of
sex through the nature of the growth of the
colonies and the types, shapes and colors
of the spores that they form and
depending" on the diagnostic
characteristics mentioned by Lesli and
Summerel (18).

Isolation, purification and identification of
biocontrol fungi used in the study

Four isolates of the biological control
fungus Trichoderma spp. were used in this
study. Three of them, T1, T2 and T3, were
isolated from the soil surrounding the
roots, while the fourth isolate, T4, T.
longibrachiatum, previously identified,
was obtained from the Graduate Studies
Laboratory in the College of Agriculture /
University of Kufa. The three isolates were
isolated and purified using a soil dilution
method, as 1 mL was transferred to a Petri
dish with the addition of 20 ml of P.D.A.
culture medium. Then the dishes were
incubated at 25 + 2°C for 2-3 days, and

purification was carried out as previously.
Fungi were diagnosed at the genus level by
the nature of growth and color of the
colonies depending on the taxonomic key

(16).

Pathogenicity test of wilt-causing fungi on
okra plants in plastic pots

The experiment was carried out using soil
previously cultivated with okra crop,
which was sterilized by autoclave twice
(8). The inoculum of each fungus, isolated
and loaded on millet seeds, was added at a
rate of 1g/150g of sterilized soil and placed
in plastic pots (1 kg/pot) (15) for 3
replicates for each treatment and watered
with caution. The soil of the control
treatment without contamination with
fungi. After three days, all the pots were
planted with local okra seeds (10
seeds/pot) surface sterilized with sodium
hypochlorite (NaOCl) solution at a
concentration of 1%, and the pots were
placed under the conditions natural and
watered as often as needed. The same
experiment was carried out with the same
steps without soil sterilization. The
percentage of germination of seeds and
dead seedlings was calculated after 10 days
of sowing. After 20 days of cultivation, the
plants were thinned to three plants per pot.
The average measurements were taken that
included shoot length, fresh and dry shoot
weight, and the severity of infection was
calculated according to the pathological
index consisting of four degrees, where 0 =
healthy plants, 1 = appearance of pallor
and yellowing on the plant, 2 = temporary
wilting of plants, 3 = permanent wilting
(1). The percentage of infection severity
was also calculated by Mckinney (20).

Molecular identification
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The molecular diagnosis of the fungi
isolated in this study was carried out using
the polymerase chain reaction (PCR)
technique (Tablel).

pathogenic fungus reached the edge of the
plate, where the percentage of inhibition
was calculated (27).

Table 1. PCR primers used for diagnosing fungi under study

Primer Sequence PCR product
size
5=——3
ITS1 F TCC GTA GGT GAA CCT GCG G
550-600 bp
ITS4 R TCC TCC GCT TAT TGA TAT GC

DNA sequence analysis of fungi isolated in
this study

For diagnosing the isolated fungi, the PCR
products of the fungal isolates with primers
ITS1 and ITS4 were sent to Macrogen
(South Korea) to determine the nucleotide
sequence of the duplicated DNA products
in both forward and reverse directions. All
nitrogenous  bases
analyzed by BLAST program (Basic Local
Alignment Search Tool) and the results

sequences were

were compared with globally characterized
data for the same fungus at the National
Center for Biotechnology Information
(NCBI). Phylogenetic trees analysis was
performed using MEGAX software (17).

Antagonism of Trichoderma spp. to the
pathogenic F. solani F2 on P.D.A

The antagonistic ability of the four isolates
of  Trichoderma spp., against the
pathogenic fungus F. solani F2 (Abbasia
Isolate), was tested using the dual culture
technique with 3 replications for each
treatment, compared to the growth of the
pathogenic fungus alone as a control
treatment. All plates were incubated at
2542°C until the growth of the control

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

Effect of Trichoderma spp. and F. solani
filtrate on F. solani growth on P.D.A.
medium. A sterile Potato Sucrose Broth
(P.S.B) medium was prepared, distributed
in 350 ml glass flasks (250 ml/flask), each
flask was inoculated with four discs of 0.5
cm in diameter (P.D.A) for an isolate of
the fungus Trichoderma spp. The four F.
solani isolates or isolated individually. The
flasks were incubated at 25+£2°C for 28
days with a shaker at 150 cycles/min to
ensure the distribution of the fungi. Then,
the fungi were filtered using sterile filter
paper, passing the filtrate through a
0.22mm Millipore. SmL of each filtrate
was added. With 15 mL of culture medium
(P.D.A) in Petri dishes with 3 replicates of
the filter of each fungus, only culture
medium (P.D.A) as control treatment. The
dishes were inoculated with a disc of 0.5
cm of F. solani, incubated at 25 + 2°C for
9 days, after which the radial growth rate
was calculated (30 and 28). Effect of
Trichoderma spp. isolates on F. solani
(Abbassia isolate) and growth indicators of
okra in plastic pots
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The experiment was carried out in sterile
and  non-sterile  soil by  double
contamination in plastic pots (1 kg/pot).
Inoculate each pot with Trichoderma spp.
With the isolation of the pathogenic fungus
F. solani F2 loaded on millet seeds by
1g/150g sterilized soil with 3 replications,
3 replications of F. solani positive control
only and 3 replications of F. solani soil
only as negative control. Pots were
watered, left for 3 days, then planted with
3 local okra seeds (superficially sterilized).
After germination, seedlings were thinned
to one plant where pots were distributed
randomly under ambient conditions with
irrigation as needed. 30 days after
inoculation, plant growth indicators
including shoot length, and shoot fresh and
dry weight were calculated, as well as the
percentage of infection severity was
calculated as previously mentioned.

Experimental design and statistical

analysis

The laboratory  experiments  were
implemented according to the completely
randomized design (C.R.D) while for the
field experiments, the Randomized
Complete Block Design (R.C.B.D) was
used. The data were analyzed using the
GenStat statistical analysis computing
program and the Excel program in
displaying  results graphs. Averages
between treatments were compared using
the least significant difference L.S.D under

the 5% probability level (3).

Results and Discussion
Field survey

The results showed (Fig. 1) the prevalence
of fusarium wilt disease on okra plants in
the surveyed fields. The percentage of

infection ranged from -18 to 73%. The
highest infection was recorded in Ghama's
fields, while no infection was recorded in
the fields of Al-Hira, Al-Shafia, Al-
Shamiya, and Hilla Center. The spread of
the disease in the areas where the infection
appeared may be due to the repeated
cultivation of the okra crop annually or the
cultivation of other crops belonging to the
same hibiscus family in the same fields.
This led to the accumulation of fungal
pollen, which remains in the soil for long
periods, in addition to the appropriate
weather conditions. The low infection rates
in some fields, the reason may be due to
the cultivation of the okra plant for the first
time in the surveyed fields (11 and 15).

80 - 73

20

Infection rate (%)

o

Surveyed areas

Figure 1. The rate of infection
with fusarium wilt disease on
okra plants in the surveyed fields
in the provinces of Najaf,
Diwaniyah, and Babylon

Isolation, purification and identification of
wilt-causing fungi on infected okra plants

The results of isolation, purification, and
microscopic examination showed that there
were six fungal isolates that were initially
diagnosed based on some phenotypic
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characteristics (18). it was also observed
that the isolates produced pigments that
spread in the growth medium. All the
isolates belonged to the genus Fusarium
spp., which is distinguished by having
septate hyphae and conidia, including
macroconidia, microconidia, and
chlamydospores.

It can be noted from the results (Table 2)
that the isolate of the pathogenic fungus F4
(Ghammas isolate) led to the highest
reduction in seed germination, as it
recorded a rate of 68.3% compared to the
rate of the control treatment that led to
91.7%, while no differences were recorded
for the soil type in Reducing the
germination percentage of okra seeds.
Generally, the two fungus isolates F3

Figure (Z)A’Characters of the F usartﬁm fungal colony Abbaga isolate F2.
A) F. solani fungal colony, B) A microscopic picture of the macroconidia
and Microconidia formed by the fungus, C) Chlamydospores

Phenotypic and microscopic diagnosis of
the bio-control fungi used in the study

The results of isolation and purification
from the soil surrounding the roots of
healthy okra plants showed that three
biological isolates were obtained, and they
were diagnosed at the level of sex
depending on phenotypic and microscopic
characteristics through the nature of colony
growth and their colors and according to
the taxonomic key mentioned by Jaklitsch
and Voglmayr (16), where the results
showed that all Fungi belong to the genus
Trichoderma spp.

Pathogenicity of Fusarium spp. isolates

(Bahr al-Najaf isolate) in sterile soil and F4
(Ghammas isolate) in non-sterile soil were
the strongest in reducing the percentage of
seed germination to 66.7% with a
significant ~ difference =~ from  some
interactions. As for the effect of the fungus
on Seedling death, the results showed that
the fungus isolate F2 (Abbasiya isolate) led
to the highest percentage of seedling death
22.2% with a significant difference from
the control treatment in which no seedling
death was recorded. No significant effect
of soil sterilization was observed on the
percentage of dead seedlings. But the
highest percentage of seedling death was
recorded in the treatment of the fungus F2
isolate in the non-sterilized soil and
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recorded a 25% significant difference from
the rest of the interactions.

The F2 isolate was the most aggressive in
reducing the growth indicators of the
plants under study with a significant
difference from the uninoculated control
treatment. The rates of plant height and
fresh weight did not differ between the two
types of sterilized and non-sterilized soils,
while soil sterilization decreased the mean
dry weights of okra plants with a
significant difference from the non-
sterilized soil. The average weights were
0.08 and 0.09 gm, respectively. On the
other hand, the highest infection severity of
68.2% was recorded in the F2 fungus
treatment, with a significant difference
from the rate of the control treatment. The
infection intensity increased to 77.6%,
especially with F2 isolate in sterile soil,
with a significant difference from non-
sterile soil. The cause of seed rot, seedling
death, and reduced growth indicators in
plants infected with the pathogenic fungus
Fusarium spp. results from the effect of the
fungal mycelium of the pathogen that
penetrates the plant tissue, turning the
tissue brown. This is because these fungi
secrete enzymes and toxins that affect and
break down plant roots, which reduces the
absorption of nutrients or kills seed
embryos preventing them from
germinating (22 and 25). The difference in
the severity of infection with fungal causes
may be due to the quantity and quality of
substances, toxins, or enzymes produced
by these fungi, and these substances
disrupt the defense mechanisms in the
plant (21). Stgpien and Chelkowski (26)
explained that the reason for the variation
and difference in the pathogenicity of
fungal isolates of Fusarium spp. may be

due to genetic differences between isolates.
This difference is generally in the ability to
produce some substances such as lysis
enzymes and toxins, which help to
penetrate the plant host cells and cause
infection. Based on the findings of the
results of this experiment, the fungus F2
isolate (Abbasiya isolate), the most
pathogenic, was chosen for the subsequent
experiments.

Molecular identification of Trichoderma
sp. and Fusarium sp. isolates

The results of DNA extraction from
Fusarium sp. (F2) and Trichoderma sp.
(T3) and subjection to the polymerase
chain reaction (PCR) using the forward
(ITST) and reverse (ITS4) primers showed
the possibility of DNA amplification (
PCR-amplified product) with a size of
about 550-600 base pairs (bp).

M

700
600

500
400

300

200

100

Figure 3. Amplified PCR products
from fungal isolates (Fusarium sp.
F2 and Trichoderma sp. T3)
isolated from okra plants. M:
ladder of the nucleic acid
(Molecular-weight size marker)
with the number of nitrogenous
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base pairs (bp), the sizes of each of
them fixed on the left

Nucleotide sequence analysis of the
amplified DNA product of the fungi
isolated in this study, using the BLAST
program for comparison with the data
available in the National Center for
Biotechnology  Information  (NCBI),
showed that isolate (F2) belongs to the
fungus Fusarium solani, and isolate (T3)
belongs to Trichoderma harzianum. A
100% similarity was found in the nitrogen
base sequences of the genetic region (ITS1
and ITS4) of the fungi isolated in this
study and other isolates of the same fungi
previously registered at the National
Center for Biotechnology Information
(NCBI). The isolates were registered in the
Gen Bank database under registration

numbers. for each isolate, as shown in
Table (3).

Table 2. Pathogenicity of Fusarium spp. isolates on okra plants in plastic pots

@ ©
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Measurements Treatment
o Soil
.| 8 L.S.D.
Soil | B FI | F2 | F3 | F4 | F5 | F6 | type | oo
© effect
il
Seed Sterile | 96.7 | 70.0 | 70.0 | 66.7 | 70.0 | 76.7 | 73.3 | 74.7 2‘;17
germination i
(%) Unsterile | 86.7 | 70.0 | 70.0 | 73.3 | 66.7 | 70.0 | 70.0 | 72.3 f‘;‘g{;
Average 91.7 | 70.0 | 70.0 | 70.0 | 68.3 | 73.3 | 71.6 Interaction
18.44
Sterile | 0.0 | 0.0 [19.4] 0.0 | 142]12.1] 00 | 65 Soil
Seedlings ' ' ' ' ' ' ' ' 6.24
. :
death ) | sterile | 0.0 | 47 250|113 ] 95 | 47 | 47 | 85 1;‘1“16%
Int ti
Average 0.0 | 23 |222] 56 | 11.8] 84 | 2.3 fretaction
16.52
Sterile | 8.63 | 5.83 | 4.23 | 640 | 576 | 5.80 | 5.83 | 6.06 | OO
Plant height ' ' ' ' ' ' ' ' 0.551
(em) Unsterile | 8.30 | 6.13 | 5.50 | 6.93 | 6.30 | 6.77 | 6.23 | 6.59 lilgégol
Int ti
Average 8.46 | 5.98 | 4.86 | 6.66 | 6.03 | 6.28 | 6.03 n‘frj‘s’;on
) Soil
Sterile | 1.30 | 0.66 | 0.56 | 0.83| 0.6 | 0.83 | 0.76 | 080 | ‘"
Shoot FW (g) F .
Unsterile | 1.26 | 0.76 | 0.66 | 0.83 | 0.70 | 1.03 | 0.93 | 0.88 0:“61511
Average Interaction
128071 | 0.61 | 0.83 | 0.68 | 0.93 | 0.84 02392
) Soil
Sterile | 0.13 | 0.07 | 0.06 | 0.09 | 0.07 | 0.09 | 0.09 | 0.08
0.00980
Shoot DW (g) Fungi
. u
Unsterile | 0.12| 0.08 | 0.07 | 0.10 | 0.08 | 0.11 | 0.10 | 0.09 | " "5
Average Interaction
12 0.07 | 0.06 | 0.09 | 0.07 | 0.10 | 0.
0.12 | 0.07 | 0.06 | 0.09 | 0.07 | 0.10 | 0.09 0.02502
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Infection Soil
severity (%) | Sterile | 0.0 |34.1/77.6| 662 | 65.0 | 564 | 51.9 | 50.1 -
Fungi
Unsterile | 0.0 | 56.8 | 58.9| 19.4 | 26.0 | 36.5 | 33.3 | 32.9
7.08
Average 00 | 454|682 | 428 | 455 | 46.4 | 42.6 Inti’gaggon

*Values are means of 3 replications

Table 3. The fungal isolates diagnosed in this study and recorded in the
Gen Bank database with their serial codes

Fungus Serial code
1 Fusarium solani 0Q729824
2 Trichoderma harzianum 0Q729823
The results of the phylogenetic analysis of of the species identified in this study with a
the nitrogenous bases sequence revealed group of global fungal isolates of the same
the genetic relationship between the strains genus and species.

OMNO90327.1:74-586 Fusarium solani strain PGFS-2 small subt
OMNO20326.1:74-586 Fusarium solani strain PGFS-1
OMN117318.1:32-544 Fusarium solani isolate CF10
OMN329814.1:72-584 Fusarium solani isolate SG31
OMNT40912.1:13-525 Fusarium solani isolate BCR-097
OMN399548.1:44-556 Fusarium solani isolate LGIO11
OP513263.1:30-542 Fusarium solani strain AUMGC 15539
OP514643.1:30-542 Fusarium solani strain AUMGC 15600
OPT45423 1:47-559 Fusarium solani isolate Al-Baghdadi A
OPTa7501.1:34-546 Fusarium solani strain AF16

OP8&848129.1:43-555 Fusarium solani strain CFE-117
ook OP8&848135.1:37-540 Fusarium solani strain CFE-133
oo OP8&848137.1:43-555 Fusarium solani strain CFE-138
1[:1:% OP858785.1:72-584 Fusarium solani isolate 9

1o OK338650.1:2-513 Fusarium solani strain FVP3
1ﬁn MN545530.1:2-513 Fusarium solani isolate L-2269/2012

NN545532_1:2-513 Fusarium solani isolate L-2790/2012

100%
NMN545533.1:11-522 Fusanum solani isolate L-2265/2012

NMN555421_1:2-513 Fusarnum solani isolate L-147/2013
@ F. solani (Target) ]

Figure 4. The Neighbor-Joining tree shows the genetic relationship
between the Fusarium solani isolate (target) in this study and other
isolates previously registered at the National Center for Biotechnology

Information (NCBI)
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MT876632.1:53-611 Trichcderma harzianum isolate UBT
MT791372.1:63-621 Trichoderma harzianum isclate G-55E ITS
MT940830.1:44-602 Trichoderma harzianum strain T12
MT940831.1:44-602 Trichoderma harzianum strain T13
MW812041.1:33-591 Trichoderma harzianum isolate G85
MWE12045.1:35-593 Trichoderma harzianum isolate G83
OME86852.1:13-571 Trichoderma harzianum strain GSR-2018-101C
OM8E45240.1:27-585 Trichoderma harzianum strain AUMC 15475
OM8E54805.1:27-585 Trichoderma harzianum strain AUMC 15478
OP452090.1:83-641 Trichoderma harzianum isclate NBRI WBS
OP521774.1:38-586 Trichoderma harzianum isolate BS 29
OP584478.1:27-585 Trichoderma harzianum isolate CNB 254
OP783865.1:45-603 Trichoderma harzianum isolate IPRPPKP-1
OP783871.1:46-604 Trichoderma harzianum isolate IPRMLKP-1
OMN862747.1:84-642 Trichoderma harzianum isolate SA1522759
OQ152037.1:11-569 Trichoderma harzianum isolate 4
MT584872.1:30-588 Trichoderma harzianum isclate SQ-1Q-15
MTOB5758.1:11-568 Trichoderma harzianum isolate Thar24
JN039051.1:8-566 Trichoderma harzianum isolate TH8

Albadrani and Alshimaysawe

KU215920.1:13-571 Trichoderma harzianum strain SVPP-9

@ T hazianum(Target)

1

Figure 5. The Neighbor-Joining tree shows the genetic relationship
between 7. harzianum isolates in this stufd%and other isolates previously
(0}

e _competing_ fungus and limis “its

registered at the National Center rié?)%.o gBlotechnology Information

(NCBI).

Antagonistic of Trichoderma spp. to the
pathogenic Fusarium solani on P.D.A

The results showed (Fig. 6) that the T.
harzianum T3 isolate led to an 82.8%
inhibition in the growth of the pathogenic
fungus with a significant difference
compared to the rest of the isolates.
Trichoderma spp., including the species
used in this study, has high efficiency in
resisting many fungi. Pathogen-like fungi
F. oxysporum f.sp. lycopersici, F. solani
and R. solani (2). Zewain (31) showed that
T. harzianum possesses
property that makes it an antifungal agent.
It is biologically active against many plant
pathogenic fungi, it parasitizes directly on
the hyphae of other fungi by wrapping
around the filaments and analyzing its

an antigenic

Effect of infiltrates of Trichoderma spp.
isolates. On the growth of F. solani on
P.D.A

The results showed in Figure (7) that the
fungus isolate T3 was significantly
superior to the rest of the isolates in
inhibiting the radial growth of the
pathogenic fungus at a rate of 2.96cm.
Many studies indicated the efficiency of
the fungus filter Trichoderma spp. in
inhibiting the growth of many plant
pathogens (9). Castillo et al (7) showed
that the metabolites of Trichoderma fungus
produced in liquid culture media inhibited
the radial growth of
sclerotiorum by 100%. The same study
also showed that different strains and
species

Sclerotinia

of Trichoderma fungus often
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produce different compounds. This is
evidence that each fungal species differs
from the rest of the species belonging to
the same fungus through secondary
metabolites.

82.8

90-1
80 -
70 -
60 -
50
40 -
30 -
20

Inhibition rate (%)

10

0 . o

T1 T2 T3 T4 Control
L.S.D. 0.05=0.1694 Treatments

Figure 6. Effect of different Trichoderma isolates; T1 and T2
(Trichoderma spp.), T3 T. harzianum and T4 ¢ T. longibrachiatum on
Fusarium solani growth on PDA culture medium

Fungal radial growth (cm)

o B N W b U1 O N 00 ©

T1 T2 T3 T4 F2 Control

L.S.D. 0.05=0.2107 Treatments ra

Figure 7. Effect of fungal filtrate of different 7richoderma isolates; T1
and T2 (Trichoderma spp.), T3 T. harzianum and T4 « T. longibrachiatum

on Fusarium solani growth on PDA culture medium
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The results showed (Table 4) that isolate
T3 led to the highest rate of okra growth
indicators with a significant increase in
plant height even in the presence of the
pathogenic fungus compared to the
uninfected control treatment. Growth
indicators were not affected by soil
sterilization or non-sterilization, while
there was no significant difference in the
effect of soil type on plant heights. As for
the weights of okra plants, the T3 fungus
isolate was superior in the treatment T3+
F. solani was significantly higher than the
comparison treatment and the rest of the
treatments in the value of fresh and dry
weight. The treatment T3+F. solani in non-
sterilized soil recorded the highest values
for fresh weight 2.66g and dry weight
0.74g. As for the severity of infection, the
results showed that the treatments T2+F.
solani, T3+F. solani and T4+F. solani
gave the lowest percentage of infection
severity 0.0% similar to the control
treatment, while F. solani only recorded an
infection severity of 60%, T1+F. solani did
not give complete protection from the
fungus The pathogen was recorded for the
severity of the infection by 20% with a
significant difference compared to the
treatment of the pathogenic fungus F.
solani only, while there was no significant
difference for the effect of soil type on the
percentage of infection severity.

The efficacy of the fungus Trichoderma
spp. may be due to the fungus secretion of
some peptides and enzymes such as the
peroxidase enzyme and some low
molecular  weight compounds  that
stimulate defense mechanisms in plants.

This leads to an increase in the production
of some phenolic and alcoholic compounds
that inhibit pathogens. Also, "the reason

may be due to the increased secretion of
some proteins produced by the fungus
Trichoderma spp. when sensitive to the
presence of the pathogen and stimulate the
plant to activate its defenses against the
pathogen (23 and 6). The reason for the
increase in the growth indicators of okra
plants may be due to the fact that many
species of fungi, Trichoderma spp.,
stimulate plant roots to absorb water and
some nutrients such as manganese,
magnesium, phosphorus, calcium, Sodium,
nitrogen, and iron also increase the
concentrations of many nutrients in the soil
and the vegetative system of plants. These
results are consistent with what was
mentioned by Azarmi et al, (5) and
Alshimaysawe (4).

@ ©

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



http://creativecommons.org/licenses/by/4.0/

Kufa Journal for Agricultural Sciences-2025: 17(3): 30-46

Albadrani and Alshimaysawe

Table 4. Effect of Trichoderma spp. isolates on okra growth indicators
and infection severity with F. solani in plastic pots

Measurements Treatment
Soil
Soil % F.2 EE % (EI; % t Ole L.S.D.
g Sl = A e | = | VP (p003)
©) &= &= = &= effect
Sterile | 8.83 16.93 | 7.77 | 11.87 | 14.07 | 1190 | 1022 | SOl
Shoot length ' ' ' ’ ' ’ ' 0.521
cm Unsterile | 10.13 | 7.47 | 9.53 | 933 | 14.17 | 11.03 | 1027 | Tunel
0.902
1 :
Average 9.48 | 7.20 | 8.65 | 10.60 | 14.12 | 11.46 nteraction
1276
) Soil
Sterile | 1.21 | 0.50 | 0.66 | 1.66 | 2.34 | 1.68 | 1.34
0.1596
Shoot FW (g)
Unsterile | 127 | 052 | 0.84 | 131 | 2.66 | 1.73 | 138 | Funel
. . . . . . . 027es
Interaction
A 124 1051075 1.48 | 2. 1.
verage 0.51 | 0.75 8 50 70 0.3910
) Soil
Sterile | 0.18 | 0.08 | 0.09 | 028 | 0.64 | 0.31 | 026 | 7/
Shoot DW (g) F :
: ungi
le | 020 | 0. 10| 0.1 74 | o. 2
Unsterile | 0.20 [ 0.09 | 0.10 | 0.17 | 0.7 0.33 | 0.27 0.1896
Interaction
Average 0.19 [ 0.08 | 0.09| 0.22 | 0.69 | 0.32 02681
Sterile | 0.0 | 6671267 00 | 00 | 00 |1556] SO
Infection ' ) ' ’ ' ’ ' 4.66
o0 .
severity (%) | nsterile | 0.0 533 1133| 0.0 | 00 | 00 | 1110 ;3%1
Int t1
Average 0.0 |60.0(200| 00 | 00 | 0.0 fretaction
11.42
Conclusion
The isolate T3 T. harzianum showed high
antibody efficiency against F. solani on the biologically resistant fungus 7.

P.D.A culture media. In the test of fungal
isolates' filters Biologically, isolate T3
gave the highest inhibition in the radial
growth rate of F. solani compared to other
isolates T1, T2, and T4 Trichoderma spp.
In the plastic pot experiment, the isolate of

harzianum T3 led to the highest growth
indicators of okra plants compared to other
biological isolates and worked to protect
okra plants from fusarium wilt disease.
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