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The main aim of this study to isolate fungal pathogens from non-
sterilized soils and Molecularly diagnosed to know which fungi
affected by solar sterilization,Study was made by covering the soil with
a black mulch from june to august with (5)cm depth. Isolation after
sterilization showed that fungi Neoscytalidium dimidiatum,
Penicillium, Aspergillus, Rhizopus and Phoma, were affected with
isolation (0)% from the covered soil, while the isolation from untreated
soil was (80,5,10,5)% respectively for the same fungi., The maximum
temperature recorded was (64.3) C for the covered soil compared to
uncovered soil (42.6) C, while the lowest temperature recorded was
(55) C for the covered soil compared to uncovered (39)°C, The isolated
fungi were examined phenotypically by studying the nature of growth,

024.145974.1345 colors, textures, and the edges of colonies, and the nature of the fungal
hyphae. Then diagnosed based on international classification keys
(Sutton and Dyko, 1989). when they matched the results of the
molecular diagnosis. The analysis showed that diagnosed isolates
belonged to: Neoscytalidium dimidiatum, Alternaria alternata,
Curvularia, and Fusarium. culmorum. By comparing the sequences of
nitrogenous bases with NCBI except Curvularia, were registered under
the numbers (OR026671.1), (OR755780.1), and (OR828014.1). By
calculating the percentage of dissimilarity and similarity between the
fungi there was a genetic closeness between fungi, Neoscytalidium
dimidiatum and Fusarium culmorum, at a rate of 0.12. In contrast, the
fungi Alternaria alternate and Curvularia showed a percentage of
genetic closeness of 0.06, while the percentage of divergence between
the two groups was 0.20.
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INTRODUCTION

Soil solarization is known as a physical sterilization method in which solar
energy is used to sterilize the soil by heating it with solar rays, raising its temperature
to a limit that kills pathogens (Katan, 2014; Tyagi and Raj,2021). It is one of the
methods of sterilizing soil used in growing forest seedlings. It can be applied to
greenhouses, and it is one of the cheapest methods of Sterilization (Dai et al., 2016)
compared to chemical soil sterilization in which chemicals are used (Yim et al., 2017,
Park et al., 2020; Daguerre, 2017). It is considered one of the most successful
methods in the Arabic world due to the bright sun during the long summer and high
temperatures. The method is summed up by covering the surface of the soil in the
summer months with a transparent or black plastic polyethylene cover to retain the
heat gained from the sun in the soil. The cover is tightly closed during the treatment

170


https://magrj.mosuljournals.com/
https://vetmedmosul.com/article_167934.html
https://vetmedmosul.com/article_167934.html
https://magrj.mosuljournals.com/
https://orcid.org/0009-0002-0656-378X
https://orcid.org/0009-0007-6345-0657

Mesopotamia Journal of Agriculture, Vol. 52, No. 1, 2024 (170-181)

period and the soil is plowed well and softened with high moisture content. and the
covering process continues for (4-8) weeks to obtain the desired results, as
temperatures reach more than (50) C and a depth of (5-15) cm for the surface soil
layer, and this is suitable for good pathogenic control, In this way, 40 fungal species,
25 species of parasitic nematodes, weeds, and a few pathogenic bacteria were
controlled, as well as the fungus Fusarium oxysporum (Mahmoud et al., 2013;
Bidima,2022; Baysal,2019). This process causes chemical, physical, and biological
changes in the soil, and studies focus on biological changes because they are useful
in eliminating moderately heat-tolerant Pathogenic fungi and stimulate beneficial
fungi that can spread in the soil after the end of the sterilization period, such as
Aspergillus, Penicillium Glumus, and Trichoderma. and maintain the biological
balance in the soil, increase soil fertility, and exterminate pathogenic fungi that are
moderately heat-tolerant (Strauss and Kluepfel, 2015), There are theories that explain
what happens in the process of solarization of the soil. The first one depends on the
rise in daytime temperatures to about 50 degrees Celsius and then their decrease to
30 degrees Celsius at night. As this process continues daily, something similar to the
process of pasteurization occurs , As for the second theory, it depends on the gaseous
emissions resulting from The activity of biological and chemical processes as a result
of covering the soil with plastic that increases the concentration of gases on the
surface of the soil, which leads to the killing of many pathogens (Yim et al., 2017),
As for the molecular diagnosis of fungi, the technology of polymerase chain reaction
(PCR) was used, which is one of the molecular techniques based on targeting and
amplifying a specific region of the organism’s genome to detect the various genetic
relationships between the types of fungi, which can support the Phenotype diagnostic
results. of fungi (Sebaih et al., 2016). This technique has been used to diagnose many
fungi such as Fusarium spp. and R. solani and Aspergillus spp. (Al Hussaini et al.,
2016). This technique used by (Al-Sawaf ,2022) to diagnose phytoplasma on tomato
crops grown in the fields of the city of Mosul in northern Irag, the match rate was
99.2%, and he was considered the first recording in Mosul of such a type.

MATERIALS AND METHODS

Materials and working methods
The agricultural media used in the study

The potato-Dextrose Agar (PDA) was the nutrient medium used from the Indian
company Microxpress. It was prepared according to the manufacturer’s instructions
and stated on the special packaging. The medium was sterilized under optimal
conditions with an Autoclave device.

Isolating fungi from soil

Isolation was carried out from random samples of soil, placed in plastic bags
and then transported to the central laboratory of the College of Agriculture and
Forestry at the University of Mosul. The indirect method was used, which is the
Standard Plate Count (SPC) method. Its steps are summarized by adding 10 grams of
soil to the first dilution bottle containing 90 ml of distilled water. and the bottle is
shaken to obtain a homogeneous mixture. Then 10 ml of the first bottle is transferred
using a sterile pipette and under sterile conditions to a second bottle containing 90 ml
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of distilled water. It is shaken and in the same way, the dilutions are completed until
the third dilution is reached for the purpose of growing it on the medium. PDA in
Petri dishes with a diameter of 8.5 cm, Five drops of the solution were placed in the
dish, then each sample was repeated three times. The dishes were incubated in an
incubator at a temperature of 25+2°C. The dishes were examined after 5-7 days of
incubation. The results were calculated by calculating the percentage of fungi isolated
from the soil (Dar, 2009).

Molecular diagnosis using PCR technology for isolated fungi
Extracting DNA from fungi

Deoxyribonucleic acid was extracted in the central laboratory of the College of
Agriculture and Forestry at the University of Mosul by using a kit produced by the
Canadian company (Promega) and according to the company protocol. Standard PCR
reactions were carried out starting with one thermal cycle, which is a preparatory
cycle, and it was done at 96 degrees for 30 seconds for the purpose of initial
denaturation of the DNA strand then was followed by 35 thermal cycles. Each cycle
consists of three stages, The first stage was done at 96 °C for two minutes to denature
the double strand, The second stage was done at 95°C for 30 seconds for the purpose
of attaching the primers to its complementary site on the DNA strand. The final stage
was at a temperature of 45°C for 30 seconds to begin the process of elongating the
primer, and then comes a final thermal cycle at 72°C for 90 seconds for the purpose
of completing the primer.

Primers design

Primers prepared by Promega company were used to prepare a polymerase
chain reaction for the purpose of detecting fungi. The forward and reverse primers
for the genes were designed based on the sequences of the nitrogenous bases. The
complete coding sequence was obtained from the gene bank database at the National
Center for Biotechnology Information.

components Volume/pL Concentration (ng/uL)
Extracted DNA 5 25-30
Forward primers 1 10 Pmol
Reverse primers 1 10Pmol
Deionized distilled water 23 | e

Steps for electrophoresis of DNA on agarose gel

The agarose gel was prepared after taking 1 gm of agarose powder and
dissolving it in 100 ml of Tris boric acid EDTA buffer (TBE) solution. the templates
were prepared for pouring the gel containing the comb at one end to make holes inside
the gel layer, then the melted agarose poured and leaved it at room temperature. Then
the rubber pieces were carefully removed after the agarose (gel) had hardened, and
the mold containing the agarose (gel) was placed in the tank and immersed in the
TAE solution. After making sure that the gel had hardened well, the comb was
removed from the mold and the marker was prepared by adding 10 microliters of
loading buffer, then it was injected into the side holes of the gel, and 12 microliters
of the thermal cycling product samples were injected into the holes next to the marker.
After that, the electrophoresis device was turned on after connecting its electrodes to
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a 100 volt voltage source, and the DNA pieces were separated according to size. From
the negative electrode towards the positive electrode, this takes approximately an
hour and a half for the amplification results of the genetic material to appear. After
the electrophoresis process is completed, the gel is carefully transferred to the UV
Transilluminator, and pictures of the gel are taken with a digital camera.

Sequencing analysis

After obtaining the results, the nucleotide sequences of the five isolates were
determined, and the packages resulting from the polymerase chain reaction were sent
to the Canadian company Promega. The Sequencer Applicated Biosystem device was
used, and the results were compared through the Internet with the database at the
National Center for Biotechnology Information (NCBI), and matching was made to
the Nucleotides sequence for the five isolates and identifying their types according to
matching, and the fungus N was recorded. N. dimidiatum, A. alternate, and F.
culmorum globally at the National Center for Biotechnology (NCBI) in the United
States in the Gene Bank. In the name of the researchers and as attached in the
appendix, the Phylogenetic evolutionary tree was then drawn based on the nucleotide
sequences of the global isolates registered in the Gene Bank.

Fighting fungi using solar energy

The method of (Mahmoud et al., 2013) was adopted to sterilize the soil of forest
nurseries using high bed nurseries with dimensions of (1 x 10) m at a rate of five
treatments, including the cotrol, which was filled with soil and spread in the high
cement beds with a height of 75 cm located in the forest department’s nursery and
flooded. With water up to the field capacity of the soil, it was prepared with a layer
of black nylon, and the soil was covered with the sides fixed, for time periods of 30
days, 60 days, and 90 days, starting from June 1, to determine the efficiency of the
sterilization time period. Isolation was done from the soil exposed to solar
sterilization after the expiration of the sterilization period, separately and
respectively, while the comparison treatment, the fungi were isolated from it for the
same periods as before. Isolation was carried out at a depth of 5 cm from the surface
soil after dividing the high beds with dirt dividers with dimensions of (1 x 1) m. The
results were taken by calculating the percentage of isolation for all treatments and
repeated at a rate of three replicates for each treatment. The experiment was carried
out during the summer months for the period from 1/6 to 31/ 8.

RESULTS AND DISCUSSION

Isolation from the soil

Isolation was carried out randomly from the surface soil to a depth of 5 cm and
after covering soil with black mulch, while the control treatment was left without
covering. It is clear from Figure (1) the effect of solar sterilization after (90) days in
combating soil fungi, where the percentage of isolation of the fungi N.dimidiatum,
Penicillium, Aspergillus, Rhizopus, and Phoma, was (0)% from black coverage,
while the percentages of fungal isolation in the comparison samples were (80, 5, 10,
and 5)% for the fungi N.dimidatum, Penicillium, Aspergillus, and Rhizopus,
respectively, despite the fact that the Phoma fungus was isolated from the black
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coverage and At the end of July, with an isolation rate of (15)%, while the same fungi
varied in isolation rates at the end of July.

80 -
70 A
60 - m Neoscytalidium
Isolation 50 A _ m Penicillium
% 40 1 Aspergillus
30 1 m Rhizopus
20 1 E l Phoma
10 j’
0 T T T f
control june july august

Isolation months

Figure (1): % of fungal isolation during the summer months (90 days) after black
covering and comparison

We conclude from the above-mentioned figure that black coverage, after (90)
days of coverage during the summer months, is one of the best methods of control
through solar sterilization. Perhaps the reason for this may be due to the high
temperatures within the coverage area because the black color absorbs the largest
amount of solar rays. This is consistent with Mahmoud et al. (2013), where
reproductive units decreased by (97.25%, 92.86%, and 94.43%) for the genres
Fusarium spp., Alternaria spp., Sclerotium spp. respectively at a depth of 5 cm for
solar sterilization of the soil.

Molecular diagnosis of isolated fungi
DNA extraction

After extracting the DNA of the isolated fungi in the central laboratory of the
College of Agriculture and Forestry at the University of Mosul, the extraction was
carried out using a kit produced by the Canadian company (Promega) and according
to its protocol. they were transferred onto a 1% agarose gel and detected by exposing
the gel to UV transilluminator. Five bands of DNA were obtained, and the results
showed the possibility of amplifying the nucleic acid products (PCR product).

Polymerase chain reaction

After the DNA was extracted from the five isolated fungi, polymerase chain
reaction electrophoresis was performed on a 1.5% agarose gel. To confirm the
identity of the isolated fungi, the internal cloning region was amplified using primers
ITS1 (TCCGTAGGTGAACCTGGG-3) and ITS4 (TCCTCCGCITATTGATATGC-
3), and five Packages of DNA, as in Figure 2. The packages were 1500 base pairs in
size.
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M 1 2 3 4 5 M 123 4 5

1500 bp
1000 pb
500 pb

Figure (2): shows the results of polymerase chain reaction electrophoresis on a 1.5%

agarose gel.
(M) represents the molecular weights imported from Promega, (1) F. culmorum, (2) Curvularia, (3)
N. dimidiatum, (4) A. alternate, (5) Phoma.

PCR technology is one of the most important accurate diagnostic methods that
uses universal primers, also called internal transcribed spacer (ITS), which is a
barcoding sequence region and has been widely used as genetic marks in diagnosing
Fungal species because this region is more suitable compared to the rest of the regions
for diagnosing genera, and it is also preserved due to evolutionary constraints because
it accurately distinguishes the genera and species related to them (Barbedo et al.,
2016). Itis clear from the diagnostic results that the molecular weights match by using
a pair of general primers to detect genes in the internal transcribed space (ITS) region,
as it showed a genetic match of the fungi that were isolated and diagnosed
phenotypically with the sequence of the nitrogenous bases of the genes belonging to
the fungi and targeted for confirmation. Genus and species for each of the following
fungi. The first fungus, Fusarium culmorum, showed a genetic match to band 1300.
The second fungus, Curvularia, showed a genetic match to band 1000. While the third
fungus, N. dimidiatum, showed a genetic match to the band 1400. and the fourth
fungus, Alternaria. alternata, showed a genetic match with the band 1400. The fifth
fungus, Phoma, showed no genetic match after designing the primers. Table No. (1)
shows a comparison of the genetic content of the fungal isolates, where the identified
isolates belong to the following types of fungi:

Table (1): Molecular diagnosis of fungi based on the percentage of identity of
nucleotide sequences with global isolates in the World Gene Bank

No. | Length | Sequence ID with compare | ldentities Source
1 549 ONB844020.1 97% N. dimidiatum
2 567 KR632488.1 100% A .alternate
3 498 MG971283.1 100% Curvularia
4 519 MK594970.1 99% F. culmorum
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Determine the sequence of nitrogenous bases

The sequences of the DNA samples of the isolated fungi were determined and
compared with the sequences of the standard strains registered in the GenBank of the
National Center for Biotechnology Information (NCBI) using the BLAST program.
The PCR test showed that this isolate belongs to the fungus N. dimidiatum Figure (4-
11), as there was closeness in the analysis process for these sequences with the
sequences registered in the Gene Bank. The results of the analysis using the BLAST
program showed a 97% match to the N. dimidiatum isolate registered in the Gene
Bank. With the accession number (ON844020.1) as in Appendix (1), these sequences
were registered in GenBank and the isolate was given the number (OR026671.1) as
in Appendix (5). As for the isolate that belongs to the fungus Alternaria alternata,
Appendix (2), There was a closeness in the analysis process for these sequences to
the sequences in the Gene Bank, and the results of the analysis showed a 100% match,
and they were registered with the accession number (KR632488.1), and they were
registered in the Gene Bank, and the isolate was given the number (OR755780.1). As
in Appendix (6). And the isolate belonging to the fungus Curvularia, as there was
closeness in the analysis process for these sequences with the recorded sequences,
and the results of the analysis showed a 100% match with the accession number
(MG971283.1). As in Appendix (3). As for the isolate shown In Appendix (4), it
belongs to the fungus F. culmorum, as there was closeness in the analysis process for
these sequences with the recorded sequences. The results of the analysis showed a
99% match, with the accession number (MK594970.1) and registered in GenBank
with the number (OR828014.1). As in Appendix (7), The results of the analysis
showed that there were differences in some nitrogenous bases between the local
isolates and similar standard strains in GenBank in some locations when comparing
the sequences. This difference represents point mutations that occurred within the
sequences of the nitrogenous bases of the local isolates and included replacing one
nitrogenous base with another or deleting a base or adding a base, and these mutations
occurred spontaneously (Al-Gader et al., 2018, Ami and guri, 2023). This technique
was used by the researcher Alkhero, & Zainab. (2021) identified the following fungi:
Fusarium oxysporium, Fusarium solani, R. solani, N dimidiatum, Alternaria
brassiciola, Trichoderma harzianum. Al-Nema et al (2022) used PCR on the micro
roots of cauliflower plants inoculated with agrobacterium rhizogenes for the purpose
of obtaining high productivity. the following fungi were identified: N. dimidiatum
with a match rate of 99%, the fungus R. solani with a match rate of 100%, and the
fungus Phoma exigua with a match rate of 99% after isolating these fungi from the
wood of eucalyptus, willow and sesame trees.

Percentage of genetic variation, similarity and difference

The evolutionary relationship of the evolutionary history of fungi was inferred
by drawing the tree with certain drawing scales (Sneath and Sokal, 1973), where the
lengths of the branches are in the same units as the evolutionary distances used, and
the evolutionary distance was calculated using the complex probability method
(Tamura and kumar, 2004), where the locations that are found are shown it has only
one base for each minor branch next to each node in the tree. This analysis includes
four sequences, and all ambiguous positions for each sequence pair have been
removed (Tamura et al., 2021).
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Abdulrazag and Amen,2023 studied the genetic relationship between three
types of birds chicken, guinea fowl, and quail using PCR technology, and found the
highest percentage of genetic similarity was 0.608 between chicken and quail , also
(lbrahim et al, 2023) used the same technique to find the percentage of genetic
closeness between two types of Ukrainian quail and the local brown quail , while
(Abdullah et al, 2023), used the PCR technique to confirm the genetic transformation
of Arugula plants after injecting the plant with agrobacterium rhizogenes bacteria,
also (Hadi et al , 2023) used the PCR to study the effect of growth hormone gene on
milk production and components by amplifying the gene based on the genome primer.
Figure (3) shows the results of the genetic convergence of the two fungi, N.
dimidiatum and F. culmorum, at a rate of approximately 0.12. The two fungi,
Curviularia and A. alternate, also showed a genetic convergence of 0.06, while the
rate of divergence between the two groups was 0.20.

Neoscytalidium dimidiatum

0.12
Fusarium culmorum
0.12
Curvularia sp
0.06
0.20
Alternaria alternata 1
0.06
i 1 L L L L J
1 1 1 1 1 1 1
0.18 0.15 0.12 0.09 0.06 0.03 0.00

Figure (3): Analysis of the genetic kinship of the isolated fungi.

Temperatures measured during solar sterilization

It is clear from Figure (4) that temperatures increased during the covering
process compared to the uncovered soil during the month of July. The maximum
temperature recorded by the thermometer reached (64.3) C under the covering, while
the comparison temperature during the same month was (42.6) C, and the lowest
temperature recorded under cover. The coverage was (55)° C during the month of
June, while the comparison treatment recorded the lowest temperature (39)° C. Also,
the months of July and August recorded the highest temperature compared to the
comparison treatment, and thus the black mulch is effective in raising the temperature
to sterilize the soil, in addition to the time factor that played an effective role in killing
pathogens in the soil, as well as the variation in temperature rates. Day and night,
encourage the regrowth of dormant parts of the fungal structures that will be killed
during the day due to high daytime temperatures.
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Figure (4): Comparison of temperatures during the months of solar sterilization

CONCLUSIONS
Black mulching after 90 days of mulching during the summer months is one of
the best ways to combat fungi through solar sterilization, The months July and August
in Mosul/lrag are considered among the best months for the purpose of solar
sterilization of the soil due to the high temperatures, Matching the phenotypic
diagnosis of fungi with molecular diagnosis and keeping up with modern techniques
in diagnosing fungi using PCR technology.

ACKNOWLEDGMENT
The authors sincerely thank the College of Agriculture and Forestry at the
University of Mosul for providing laboratory facilities to accomplish this work.

CONFLICT OF INTEREST
We declare that we don't have any affiliation or entity with any organization
regarding the financial or non-financial interest in the subject matter discussed in this

article.
g i) agﬁﬁhﬁﬁgéuﬁtj Glilad) COLES 5 axal) %ng...wm psladl) afadicd
PCR i 4ty 41 g jaall cily adll il pasdldl) g

2 ool s sl b sl =l slla
12 )l | Jemsall [ angall Al [ a5 el 530 A4S [ ) s

Ladal
) e oLiaill Aoy 3l (18 e Jilas gy ) i’ (il ondl psiatl Ainyla Caariid
5 Aabnall e ol dEhall Akl dacayal) Slucd) Je N Auhall Caan g Al b Ll
Om iy A i) Ay Alaal) ) 5 pmnadll w135 Auybadll g1 SIS) Adpaa 5 Ly Lgamiiid
s D) il Cplily a5 Band 5 8/31 alaly 6/1 (e spilly Cinall gl A 35u¥1 5Ll

178



Mesopotamia Journal of Agriculture, Vol. 52, No. 1, 2024 (170-181)

, Aspergillus , Penicillium ,Neoscytalidium dimidiatum <l yhall da8la patatll 3y
Ssill eg %(55 105 55 80) dulaad) clie g Audasil) xie% (0) 4wy Phoma 5 Rhizopus
bl sy .%(0) Ji= wwing Rhizopus y Neoscytalidium dimidatum i) 3adl<a 5 3
Pl aal Bla dap 52 (64.3) 55 sed Pla el s 5wl gl DS Lhs dap
Alalas in A Ohis Jed DA 3 (55) dubasall cond Claas Ayl dngd ol 5 5 (42.6) el Guis
Ciy 38 el el 2 ae byl dalas deg ¢ 2 (39) L days ) cilae 3 4154
Neoscytalidium dimidiatum 3Gl ¢kl sxile Laddiall il o) BLAST zaliju Jalail) il
cnals S Al e\l ols Fusarium culmorum s Curvularia s Alternaria alternate
<= (OR828014.1) 5 (OR755780.1) 5 (OR026671.1) 28 ¥ s Lehauss &5 Curvularia
il il ¢y alnlly (Ll dscs laong (a0 Angel A Cilagleal il S5l 522 3 gl
Fusarium 5 Neoscytalidium dimidiatum obdl  Gn Sy & gy daddall
&by i dws Curvularia sAlternaria alternate Gyl Hekal (s 4 0.12 dwssculmorum
-0.20 @iy (i genall G 2 lall Lows Wl ¢ 0.06 &L

DE sl lphd el aidadl (Judediall 8yl Jelis A elagall bzl :dalisall clall)
Bl cla

REFERENCES

Abdullah, R., Al-Jirjees, R., & Salih, S. (2023). Effect of genetic transformation via
Agrobacterium rhizogenes on the anatomical characteristics of Eruca Sativa
Mill.  plants. Mesopotamia Journal of Agriculture, 51(4), 130-143.
http://doi.org/10.33899/MJA.2023.143910.1280

Abdulrazag, H., & Amen, Q. (2023). Genetic relationship between local guinea fowl,
quail and chicken using RAPD-PCR technique. Mesopotamia Journal of
Agriculture, 51(4), 39-49 https://doi.org/10.33899/mja.2023.142638.1265

Alhussaini, M. S.; Moslem, M. A.; Alghonaim, M. I.; Al-Ghanayem, A. A.; AL-
Yahya, A. A. |; Hefny, H. M & Saadabi, A. M. (2016) Characterization of
Cladosporium species by internal transcribed spacer-PCR and microsatellites-
PCR. Pakistan Journal of Biological Sciences, 7: 143-157.
https://doi.org/10.3923/pjbs.2016.143.157

Al-gader, Z., Ahmed, K., Al-shakarchi, M., & Abdo, J. (2018). Molecular
Identification of the Local Isolated Fungi Aureobasidium pullulans. Rafidain
Journal of Science, 27(4), 115-128. http://doi.org/10.33899/RJS.2018.159349

Alkhero, Anwer & Rassem, Zainab. (2021). Morphological and Molecular
Identification of Fungi Causing Canker Disease on Melia Azidarch Trees in
Some Regions of Mosul Provinces, Irag. IOP Conference Series: Earth and
Environmental Science. 910. 012116. 10.1088/1755-1315/910/1/012116.
https://doi.org/10.1088/1755-1315/910/1/012116

Al-Nema, Qutaiba Shuaib; Hasan, Ghazwan Qasim; & Alhamd, Omar Abdulazeez
(2022) "A high yield method for protoplast isolation and ease detection of rol B

179


http://doi.org/10.33899/MJA.2023.143910.1280
https://doi.org/10.33899/mja.2023.142638.1265
https://doi.org/10.3923/pjbs.2016.143.157
http://doi.org/10.33899/RJS.2018.159349
https://doi.org/10.1088/1755-1315/910/1/012116

Mesopotamia Journal of Agriculture, Vol. 52, No. 1, 2024 (170-181)

and C genes in the hairy roots of cauliflower (Brassica oleracea L.) inoculated
with Agrobacterium rhizogenes,” Karbala International Journal of Modern
Science: Vol. 8: Iss. 3, Article 12
https://kijoms.uokerbala.edu.ig/home/vol8/iss3/12/

Al-Sawaf, Laith, & Ali, Hamid. (2022). Nested-PCR method as a new method for
detecting the phytoplasma that causes bud blast disease on tomato in Irag.
Mesopotamian Agriculture Journal, 50(4), 10-18.
https://doi.org/10.33899/MAGRJ.2022.134252.1179

Ami, S., & Guri, R. (2023). Existence, Molecular identification and genetic variation
of new isolates of seed gall nematode Anguina tritici parasitizing on wheat and
barley in Irag. Mesopotamia Journal of Agriculture, 51(1), 32-47.
https://doi.org/10.33899/MAGRJ.2023.135099.1197

Barbedo, L. S., Figueiredo-Carvalho, M. H. G., Muniz, M. D. M., & Zancopé-
Oliveira, R. M. (2016). The identification and differentiation of the Candida
parapsilosis complex species by polymerase chain reaction-restriction fragment
length polymorphism of the internal transcribed spacer region of the
rDNA. Memodrias do Instituto Oswaldo Cruz, 111, 267-270.
https://doi.org/10.1590/0074-02760150466

Baysal-Gurel, F., Kabir, M. N., & Liyanapathiranage, P. (2019). Effect of organic
inputs and solarization for the suppression of Rhizoctonia solani in woody
ornamental plant production. Plants, 8(5), 138.
https://doi.org/10.3390/plants8050138

Bidima, M. G. S., Chtaina, N., Ezzahiri, B., El Guilli, M., & Barakat, I. (2022). Effect
of soil solarization and organic amendments on Sclerotium rolfsii Sacc
sclerotia. Archives of Phytopathology and Plant Protection, 55(8), 1014-1030.
https://doi.org/10.1080/03235408.2022.2081526

Daguerre, Y., Edel-Hermann, V., & Steinberg, C. (2017). Fungal genes and
metabolites associated with the biocontrol of soil-borne plant pathogenic
fungi. Fungal metabolites, 33-104. https://doi.org/10.1007/978-3-319-194

Dai, Y., Senge, M., Yoshiyama, K., Zhang, P., & Zhang, F. (2016). Influencing
factors, effects and development prospect of soil solarization. Reviews in
Agricultural Science, 4, 21-35. https://doi.org/10.7831/ras.4.21

Dar, G. H. (2009). Soil microbiology and biochemistry. New India Publishing agency.
January 2010. http://doi.org/10.59317/9789389130416

Hadi, H., ALmallah, O., & AL-Hassan, F. (2023). Effect of genotypes for growth
hormone gene in Awassi ewes on milk production and
components. Mesopotamia  Journal  of  Agriculture, 51(4),  50-58.
https://doi.org/10.33899/MJA.2023.142496.1264

Katan, J. (2014), Soil solarization: the idea, the research and its
development. Phytoparasitica 43, 1-4, june 2015.
https://link.springer.com/article/10.1007/s12600-014-0419-0

Ibrahim, F., ALomari, A., & Sabri, M. (2023). Production performance and genetic
similarities in Ukrainian and local brown quail. Mesopotamia Journal of
Agriculture, 51(4), 59-71. https://doi.org/10.33899/MJA.2023.144335.1290

Sebaih, R. K., Shehata, A. I., Hindi, A. A., Gheith, T., Alhazzani, A. A., & Al-Orjan,
A. (2016). Molecular Detection and Characterization of Fusarium

180


https://kijoms.uokerbala.edu.iq/home/vol8/iss3/12/
https://doi.org/10.33899/MAGRJ.2022.134252.1179
https://doi.org/10.33899/MAGRJ.2023.135099.1197
https://doi.org/10.1590/0074-02760150466
https://doi.org/10.3390/plants8050138
https://doi.org/10.1080/03235408.2022.2081526
https://doi.org/10.1007/978-3-319-194
https://doi.org/10.7831/ras.4.21
http://doi.org/10.59317/9789389130416
https://doi.org/10.33899/MJA.2023.142496.1264
https://link.springer.com/article/10.1007/s12600-014-0419-0
https://doi.org/10.33899/MJA.2023.144335.1290

Mesopotamia Journal of Agriculture, Vol. 52, No. 1, 2024 (170-181)

sporotrichioides basedon 1TS2 rDNA. Polymorphism. Ijsrm. Human, 2(3), 1.
https://doi.org/10.59658/jkas.v5i2.319

Strauss, S. L., &Kluepfel, D. A. (2015). Anaerobic soil disinfestation: A chemical-
independent approach to pre-plant control of plant pathogens. Journal of
Integrative Agriculture, 14(11), 2309-2318. https://doi.org/10.1016/S2095-
3119(15)61118-2

Sutton, B. C., & Dyko, B. J. (1989). Revision of Hendersonula. Mycological
Research, 93(4), 466-488. https://doi.org/10.1016/S0953-7562(89)80040-1

Hassan, M. & Zidane, R. & Manla. L. (2013). The effect of soil sterilization with
formalin and solarization on soil fungi in greenhouses. Tishreen University
Journal-Biological Science Series, 35(6).
https://journal.tishreen.edu.sy/index.php/bioscnc/article/view/166

Park, M. G., Choi, J., Hong, Y. S., Park, C. G., Kim, B. G,, Lee, S. Y., ... & Cha, W.
(2020). Negative effect of methyl bromide fumigation work on the central
nervous system. PLoS One, 15(8), e0236694.
https://doi.org/10.1371/journal.pone.0236694

Sneath P.H.A. and Sokal R.R. (1973). Numerical Taxonomy. Freeman, San
Francisco. https://doi.org/10.1093/sysbio/44.3.281

Tamura K., Nei M., and Kumar S. (2004). Prospects for inferring very large
phylogenies by using the neighbor-joining method. Proceedings of the National
Academy of Sciences (USA) 101:11030-11035.
https://doi.org/10.1073/pnas.0404206101

Tamura, K., Stecher, G., & Kumar, S. (2021). MEGA11: molecular evolutionary
genetics analysis version 11. Molecular biology and evolution, 38(7), 3022-
3027. https://doi.org/10.1093/molbev/msab120

Tyagi, A., & Raj, H. (2021). Effect of soil solarization on viability, disease incidence
and incubation period of stem rot of chrysanthemum caused by R.
solani. Journal of Pharmacognosy and Phytochemistry, 10(1), 2494-2498.

https://doi.org/10.22271/phyt0.2021.v10.i1ai.13740

Yim, B., Nitt, H., Wrede, A., Jacquiod, S., Sgrensen, S. J., Winkelmann, T., &Smalla,
K. (2017). Effects of soil pre-treatment with Basamid® granules, Brassica
juncea, Raphanussativus, and Tagetespatula on bacterial and fungal
communities at two apple replant disease sites. Frontiers in microbiology, 8,
1604. https://doi.org/10.3389/fmicb.2017.01604

181


https://doi.org/10.59658/jkas.v5i2.319
https://doi.org/10.1016/S2095-3119(15)61118-2
https://doi.org/10.1016/S2095-3119(15)61118-2
https://doi.org/10.1016/S0953-7562(89)80040-1
https://journal.tishreen.edu.sy/index.php/bioscnc/article/view/166
https://doi.org/10.1371/journal.pone.0236694
https://doi.org/10.1093/sysbio/44.3.281
https://doi.org/10.1073/pnas.0404206101
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.22271/phyto.2021.v10.i1ai.13740
https://doi.org/10.3389/fmicb.2017.01604

