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The DAS-ELISA test revealed the presence of Zucchini yellow mosaic virus
(ZYMYV) and Watermelon mosaic virus (WMYV) in squash plant leaves exhibiting
symptoms of mosaic collected from fields in Mosul. Molecular diagnosis using
Next Generation Sequencing (NGS) on the mosaic-affected squash plant leaves
indicated the presence of various viruses including ZYMV , WMV and Tomato
yellow leaf curl viruses A and B with varying nucleic acid ratios for the isolated
viruses.

The RNA percentage for ZYMV and WMV was 0.005% and 4.08%
respectively while the DNA percentage for Tomato yellow leaf curl viruses A and
B was 0.15% and 0.12% respectively.

Analysis of the sequencing data using bioinformatics software showed that
ZYMV had the highest copy number of nucleic acids at 16 696.28 base pairs
followed by WMV at 9 959.67 base pairs. The lowest copy number was observed
for ZYMV with 24.16 copies. The copy numbers for Tomato yellow leaf curl
viruses A and B were 3 999.74 and 3 416.77 base pairs respectively. Complete
sequencing was conducted for the WMV isolate from Mosul. The phylogenetic tree
analysis revealed that the French isolate MN914159 and the Chinese isolate
MK659926 were closely related to the Mosul isolate with a 95% similarity. The
Mosul isolate was deposited in the National Center for Biotechnology Information
(NCBI) gene bank under the accession number OQ865058. The complete genome
sequence of the Cucurbite aphid-borne yellows virus (CABYV) isolate from Iraq
found in squash leaf samples showed a 95.7% similarity to the French X76931 and
NC 003688 isolates. The virus was recorded in the NCBI under the accession
number OQ865059 marking the first registration of CABYV on squash crops in
Mosul and the first disclosure of the complete sequence of this virus carried by

aphids in Iraq.
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Similarly the complete nucleotide sequence for the Tomato yellow leaf curl
viruses A and B isolates from squash leaf samples showed close proximity to Iraqi
and Saudi isolates. The genomic segment A matched 98.8% with the Saudi isolate
and the genomic segment B matched 88.8% with the isolates from Babylon and
Karbala. The Mosul isolate for Tomato yellow leaf curl viruses was registered in
the NCBI under accession numbers OR052249 and OR052250 representing the
first record of this virus on squash crops in Mosul

The results of investigating the systemic resistance of squash plants against
(ZYMV) and WMV under greenhouse conditions showed that the most effective
treatment in inducing resistance was the application of Mycorrhiza with Salicylic
acid. This treatment significantly reduced the severity of infection with ZYMYV by
0.21 and WMV by 0.23.

The study also revealed the influence of resistance induction treatments on
the chlorophyll content in squash plants infected with ZYMV. The most effective
treatment was Mycorrhiza and Salicylic acid resulting in a chlorophyll content of
VoY (mg.g fw ™) compared to the control treatment. Similarly in squash plants
infected with WMV the treatment with Mycorrhiza and salicylic acid showed
superior results with a chlorophyll content of V.£% (mg.g f w ') compared to the
control treatment. Furthermore the resistance induction treatments had a
significant impact on the wet and dry weights of both the shoot and root of squash
plants infected with ZYMYV. The treatment with Mycorrhiza and salicylic acid
outperformed other treatments with an average wet and dry weight of of the shoot
and root systems 745 g and ¢Y+:.Y+g as well as improving the dry weight of the
shoot and root sets, reaching 21.93g and 12.61 g compared to the control treatment.
Similar trends were observed in squash plants infected with WMV  where the
treatment with Mycorrhiza and salicylic acid showed better results with an wet

weight of the vegetative and root sets reached 875.00 and 143.70 g, respectively, as
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well as improving the dry weight of the vegetative and root sets, with a value of
34.13g and 8.60g.

The study also investigated the effect of seed treatment with Mycorrhiza
and foliar application of Salicylic acid and Chitosan on the activity of peroxidase
and polyphenol oxidase enzymes as well as the total phenolic content in squash
plants infected with ZYMV.

The treatment with Mycorrhiza and Chitosan recorded the highest
peroxidase activity ~ with 2322.33 (U.min g.fw') and the treatment with
Mycorrhiza showed the highest polyphenol oxidase activity with 707.22 (U.min
gfw') . The highest total phenolic content was observed in the treatment with
Mycorrhiza with 69.24 (U.min g.fw™)

Additionally the resistance induction treatments influenced the activity of
peroxidase and polyphenol oxidase enzymes as well as the total phenolic content
in squash plants infected with WMV. The treatment with Mycorrhiza and salicylic
acid recorded the highest peroxidase activity with 2506.33 (U.min g.fw") while
the treatment with Mycorrhiza and chitosan showed the highest polyphenol
oxidase activity with 544.04 (u.min g.fw') The highest total phenolic content
was observed in the treatment with Mycorrhiza and chitosan with 108.81 (U.min
g.fw)

The results of inducing systemic resistance in squash plants infected with
ZYMV WMV under field conditions showed that the best treatment was seed
soaking with Mycorrhiza in reducing the severity of ZYMYV infection by 0.23.
Additionally, the combined treatment of Mycorrhiza with Salicylic acid recorded
the lowest severity of WMV infection, reducing it by 0.23 compared to the
negative control treatment.

The treatments also had an impact on the chlorophyll content in squash

plants infected with ZYMYV. The highest chlorophyll content was recorded in the
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Mycorrhiza treatment with V.17 (mg .gfw™) while the Mycorrhiza with Salicylic
acid treatment showed superior results with a chlorophyll content of Y.1Y (mg.g
fw) compared to the control treatment.

Furthermore, the induction of resistance treatments affected the wet and dry
weights of the shoot components of squash plants infected with ZYMV. The
Mycorrhiza with Salicylic acid treatment outperformed other treatments, with an
average total wet weight of 1412.5 and dry weight of 117.37 g, respectively,
compared to the control treatment. Similar trends were observed in squash plants
infected with WMV, where the Mycorrhiza with Salicylic acid treatment showed
better results with an average total wet weight of 1280.V g. and dry weight of 128.4
g.

The results demonstrated the effectiveness of the resistance induction
treatments in squash plants infected with ZYMV and WMV by affecting the
activity of peroxidase and polyphenol oxidase enzymes, as well as the quantity of
phenols. The Mycorrhiza with Chitosan treatment recorded the highest peroxidase
activity at 478.37 (U.min g.fw') and the mycorrhiza with chitosan treatment
showed the highest polyphenol oxidase activity at 367.21 (U.min g.fw™') . The
Mycorrhiza treatment recorded the highest total phenolic content at 138.44 (mg.
g.fw)

In squash plants infected with WMV, Mycorrhiza with salicylic acid
treatment showed the highest peroxidase activity at 388.46 (U.min g.fw™) while
the Mycorrhiza treatment exhibited the best polyphenol oxidase activity at 363.43
(U.min g.fw™"). The Mycorrhiza treatment also recorded the highest total phenolic
content at 72.60 (mg. g.fw™)
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