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According to the activities described in the PhD thesis project, some changes were made in order to focus better on main objectives and reach best possible results. We decided to focus on only one crop species, Triticum durum in order to be able analyse in detail the microbiome community of fungal species of the crop in the period of three years. Firstly, the caryopsis analysis were done by using morphological identification of fungal species and molecular analysis followed by assessment of mycotoxin analyses. Secondly, the soil microbiome community was studied for a period of three years 2020-2022 in order to understand the differences between plots treated with organic compost and mineral fertilizer.

Monitoraggio fitosanitario del grano duro, identificazione di agenti patogeni con strumenti diagnostici avanzati e progettazione di un sistema di prevenzione sostenibile

Secondo le attività descritte nel progetto di tesi di dottorato, sono state apportate alcune modifiche al fine di concentrarsi meglio sugli obiettivi principali e raggiungere i migliori risultati possibili. Abbiamo deciso di concentrarci su una sola specie vegetale, il Triticum durum per poter analizzare in dettaglio la comunità microbiotica delle specie fungine della coltura nel periodo di tre anni. Innanzitutto, l'analisi della cariosside che è stata effettuata utilizzando l'identificazione morfologica delle specie fungine e l'analisi molecolare seguite da verifica delle micotossine presenti. Inoltre, la comunità del microbiotica del suolo è stata studiata per un periodo di tre anni 2020-2022 per capire le differenze fra le parcelle trattate con il compost organico e fertilizzante minerale.
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1. Introduction
In accordance with the PhD thesis project and the changes previously described, this poster reports the main results of  the first two activities concerning: 
(A1) 	Biodiversity and metagenomics. The sampling of wheat (Triticum durum), variety Antalis in year 2022 and microbiome analysis of the wheat rhizosphere for years 2020, 2021 and 2022 by using PCR and HTS analysis.
[bookmark: _Hlk136964823](A2) 	Food safety. Fungal contaminants of caryopses and mycotoxins. Morphological and molecular analysis of fungal species isolated from wheat caryopsis collected through the period of three years (2020 – 2022) and assessment of mycotoxins present.  
2. Materials and Methods
The sampling of wheat took place three times in each experimentation year in order to understand if there is a difference between different phenological phases: A) Tilling; B) Rising; C) Ripening. Besides that, different soil treatments were considered: organic compost or mineral fertilizer, as well as different soil tillage practices: A) Ploughing; B) Digging; C) Ripping. Total DNA was extracted from soil samples using the Nucleo Spin Soil Kit (Macherey - Nagel), following the protocol. The PCR reaction was done using the ITS1 region was amplified with a dual indexing primer using the tagged primer pair ITS1F and ITS2. The thermal cycle was an initial denaturation at 94 ºC for 10 min followed by 30 cycles of 95 ºC for 40 s, 60 ºC for 40 s and 72 ºC for 1 min, and a final elongation step of 72 ºC for 10 min. Amplicons were purified using the Mag JET NGS Clean-up (Thermo Scientific, USA), quantified with the Qubit Quantitation kit (Invitrogen, USA), and pooled at equal concentrations for sequencing. Paired-end sequencing (2 x 300 bp) was carried out on an Illumina Mi Seq sequencer by Fasteris SA (Switzerland) for samples collected in 2020.
Furthermore, the analyses of caryopses were done by isolation of fungal species and their morphological and molecular analyses. The morphological analyses were done by placing the caryopses in Petri plates using the DFB method as described by (Liomonard 1996) and the culture medium PDA (Potato Dextrose Agar). Once the pure cultures were obtained the morphotypes were assigned based on macro morphology. Afterwards, the molecular analyses were done in order to reach the fungal species, started from the DNA extraction of morphotypes, PCR, purification of amplicons, quantification and sequencing (M. T. Senatore et al., 2023; G. Beccari et al., 2020). The PCR reaction was done using ITS1 and ITS4 primers and elongation factor.
3. Results and Discussion
3.1 Biodiversity and metagenomics
Bioinformatics analyses are still in progress. Results for the fungal population in are completed for year 2020 in terms of order distribution. We are witnessing the first year of experimentation with a strong increase in fungal orders in plots fertilized with compost with a significant change in the percentage of orders. The order with greater frequency is the Hypocreales, represented by Fusarium species (Fusarium brachygibbosum, Fusarium equiseti, Fusarium oxysporum species complex, Fusarium redolens, Fusarium poae, Fusarium solani species complex) which results to be more abundant in plots treated with mineral fertilizer (Fig. 1). From what emerges from the Venn diagram (Fig. 2), the rhizosphere soil of the plots fertilized with compost together present 60% more of the fungal orders. Ongoing analyses will provide more detail on the functionality of fungal species over the three years and the role of compost in providing ecosystem systems for the biological part of soil fertility.
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Figure 1 Relative abundance of orders according to different treatments                            Figure 2 Venn diagram
3.2 Food safety: fungal contaminants of caryopses and mycotoxins
The results obtained indicate that in the three years of experimentation there has been a variation in the abundance of the various fungal species colonizing the caryopsis. These variations were mainly due to the meteorological trend. All three years were characterized by a drought during the spring summer period, with 2022 demonstrated with arid climate. The general trend was characterized by a greater colonization by s of the genus Alternaria. This genus is characterized by a greater development in warm periods during the ripening phase, than in the years of experimentation. The 2022 was the driest and this certainly favoured Alternaria species. Conversely, the species belonging to the genus Fusarium have recorded a poor development that can be related to the low spring rainfall during the flowering phase, site of penetration and colonization of these mycotoxin fungi. Some species of Fusarium, such as F. equiseti (2020 and 2021) and F. poeae (2020) have been absent in chemically fertilized theses, compared to the organic, which however has recorded extremely low values. On the whole, it can be said that the experimental theses have shown little influence on the rate of colonization of the different mycotoxin fungi, while the climatic factor is predominant.
[image: ]
Table 1 Relative abundance (%) of mycotoxin fungal species detected in caryopses by blot - deep freezing method. Data refer to standard error averages.
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RELATIVE ABUNDANCE OF ORDERS

COMPOST	PLEOSPORALES	EUROTIALES	HELOTIALES	PEZIZALES	GLOMERELLALES	HYPOCREALES	MICROASCALES	SORDARIALES	XYLARIALES	AGARICALES	MORTIERELLALES	FILOBASIDIALES	OTHERS	3.431033744125696	0.67829381695132329	0.3344438713646633	5.4801020317531278E-2	0.38295183944441341	6.418546914417413	0.74628049216872272	0.78086562498634393	1.0639080347203802	0.14399947668488056	5.4675000639635449	2.0455030338073539	2.4518720670476895	MINERAL FERTILIZER	PLEOSPORALES	EUROTIALES	HELOTIALES	PEZIZALES	GLOMERELLALES	HYPOCREALES	MICROASCALES	SORDARIALES	XYLARIALES	AGARICALES	MORTIERELLALES	FILOBASIDIALES	OTHERS	5.1847101745194673	0.46957989899725494	0.2512582423008658	1.3273235074523599E-3	0.59949087830572489	8.4372497684753789	3.6427244561507269E-2	0.94361360524897353	2.0840157725108668	1.341041535455963E-2	2.0347027629997116	2.8656357865451927	2.0702309661729719	
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Std. Std. Std. Std. Std. Std.
2020 mean Error mean Error _mean Error _mean Error_mean Error_mean Error
Alternaria alternata 733 3,22 1933 + 532 000 =+ 000 24,00 + 2,70 0,00 + 0,00 2400 + 345
Alternaria infectoria 533 + 1,50 3,33 £ 162 000 + 000 20,33 + 3,17 14,00 + 3,63 1733 + 243
Alternaria tenuissima 533 + 1,24 3,00 £ 198 4,00 + 1,21 11,00 + 1,64 0,00 + 000 9,00 + 1,00
Fusarium  proliferatum 4,67 + 2,14 000 + 000 300 = 1,40 000 + 000 033 + 033 0,00 + 0,00
Fusarium equiseti 0,00 =+ 0,00 000 + 000 000 =+ 000 267 + 1,42 0,00 + 000 267 = 124
Fusarium poeae 0,00 =+ 0,00 000 + 000 000 =+ 000 367 + 167 233 + 1,15 3,67 = 187
no contaminated 77,34 74,33 93,00 38,33 83,33 43,33
2021
Alternaria alternata 3,33 1,76 333 + 1,76 133 + 09 6,00 + 223 133 + 133 3,00 = 164
Fusarium avenaceum 0,00 =+ 0,00 000 + 000 100 =+ 052 333 + 1,76 567 + 194 233 + 143
Fusarium equiseti 0,00 =+ 0,00 000 + 000 033 =+ 033 133 + 133 067 + 067 000 = 0,00
Fusarium fujikuroi 2,33 1,59 1,00 £ 1,00 1,00 + 1,00 1,33 + 1,33 3,00 + 157 167 = 1,15
Fusarium poeae 167 = 1,04 1,33 + 133 100 + 1,00 000 + 000 433 + 194 133 + 133
Fusarium tricictum 0,00 =+ 0,00 000 + 000 233 = 1,59 1,33 + 1,33 3,00 + 149 167 + 134
no contaminated 92,67 94,33 93,00 86,67 82,00 90,00
2022
Alternaria alternata 24,67 + 2,95 1267 + 492 133 0,75 16,33 + 4,13 2867 + 4,17 7,00 = 3,12
Alternaria infectoria 9,33 + 4,13 18,67 + 2,80 1133 + 393 1833 + 2,53 12,00 + 2,74 1967 + 343
Alternaria malorum 0,00 =+ 0,00 567 + 228 700 =+ 226 833 + 28 000 + 000 233 + 1,15
Alternaria tenuissima 500 + 2,61 000 + 000 1167 =+ 301 000 + 000 4,00 + 215 000 = 0,00
Fusarium  proliferatum 2,67 1,42 1,00 £ 0,72 267 + 1,14 o067 + 067 167 + 077 167 = 077
Fusarium equiseti 0,33 + 033 167 = 092 067 =+ 045 200 + 092 167 + 104 167 = 1,15
Fusarium sporotrichoides 2,00 + 1,04 033 + 033 300 + 1,22 2,00 + 092 267 =+ 1,14 2,67 = 1,14

no contaminated 56,00 60,00 62,33 52,34 49,33 65,00
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