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Introduction

The goal of this activity was that of verifying how different types of olive orchard management
may affect the interactions of fungi and bacteria with the olive plants and may select different
microorganisms. Experiments have been conducted on soil and root samples collected from
trees under irrigated and dry conditions of an arid area of Israel.

A plethora of fungi and bacteria were identified through microbiome sequencing analysis.

Irrigated and dry olive trees where root and soil samples were collected for the microbiome

analysis.

Material and methods

Randomized samples of soil and olive roots of the two selected orchards, were bulked
together for a single DNA extraction using the kit PowerSoil (MO BIO, Qiagen) and Qiagen
Plant mini kit (Qiagen, Hilden, Germany), respectively. DNA from both kind of samples was

then PCR amplified and amplicons were then used for metabarcoding analysis of Internal
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Transcribed Spacer (ITS) by using the ITS2 region of ribosomal DNA (rDNA) amplified by
fits7 (GTGARTCATCGAATCTTTG) and its4 (TCCTCCGCTTATTGATATGC) primers.
Within the 16S ribosomal RNA, able to distinguish the bacteria composition of our samples,
the amplified hypervariable region was between the V5 and V6 using the v5f
(ATTAGATACCCNGGTAG) as forward primer and the reverse primer V6R
(CGACAGCCATGCANCACCT). As described for ITS region, also for the 16S a tag of 9-11
bp was added at 5’ of the primer forward in order to be able to identify the reads for each
sample. The library was built with modified primers. The libraries were run in the lon Chef
System and then the chips were charged in the lon PGM Dx System. Raw sequences from
the lon Torrent PGM system were processed and analyzed using MG-RAST server v4.0.3
(http://metagenomics.anl.gov/). Raw data were uploaded as FASTAQ files after

demultiplexing of paired-end reads. Reads generated after quality processing and
deduplication by MG-RAST pipeline analysis were subjected to taxonomic analysis. MG-
RAST pipeline made available an estimation of bacterial and fungi presences and
abundances in dry and irrigated conditions highlighting the differences between samples.

Results

Bacteria analysis

The sequencing analysis performed on the 16S fragment revealed a total of 819,081
sequences equal to 264,330,650 bp. Within the four samples the average of predicted
features was 124,405.75 equal to 62.27%, while 64,091.50 were unknown features (29.98%
of total). The sequences were blasted against three databases: RDP, SSU and Greengenes.
The highest number of features were found for the sample related to roots under irrigation
(143,261), while the lowest for the dry soil sample (105,980). The Phyla detected by the
databases evidenced the presence of Acidobacteria and Verrucomicrobia only in soil both
dry and irrigated. At genus level two hits were found only in the irrigated soil sample,
Actinoplanes, Micromonosporas. Only in irrigated roots the Amycolatopsis genus was
observed, while in dry roots five genera were revealed: Kibdelosporangium, Kribella,
Mesorhizobium, Mycobacterium and Planctomyces. Geodermatophilus genus was found
only in dry soil.

Fungi analysis

For what concern the ITS analysis, a total of 416,545 sequences equal to 125,801,719 bp

were found. The predicted features of the four analyzed samples were in average 88,809.25
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equal to 85.04% of total sequences. The unknown features were in average 13,889.50
(13.63%) of total sequences. The database used to check the similarity with already
submitted ITS sequences was RDP.

At Phylum level Basidiomycota were absent only in dry roots. Chytridiomycota were
observed only in dry soil sample as well as Glomeromycota, which seemed to be related to
dry condition and were found in dry soil and roots. Botryosphaeriaceae (33.35% on total)
were characteristic of dry roots. Lasiospheriaceae, Massarinaceae, Sclerotinaceae and
Sordariaceae were observed only in irrigated soil. Dothoioraceae, Malassenciaceae and
Mortierellaceae were detected in dry soil. At genus level, in dry root samples were observed
Botryosphera (34.12% on total), Sarcinomyces and Tetracladium. Auricolaria, Dendryphiella
and Meyerozyma were present only to irrigated roots. Diaporthe, Fusarium, Humicola and
Podospora were detected in irrigated soil. On the contrary, in dry soil Aureobasidium,
Guehomyces, Malassezia, Mortierella and Preussia were found, not present in the other

analyzed samples.
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Fungi and Bacteria frequency in roots and soil under dry and irrigated conditions.




Bacteria occurrence in olive roots under dry and irrigated condition

W Steptomyces - 5,506 (18.96%)
W Pseudonocardia - 4,201 (14.54%)
W Nocardioides - 806 (2.73%)

W Terimonas - 707 (2.70%)

W Mycobacterium - 778 (2.64%)
M Bacillus - 748 (2.53%)

n

W Conexbacter - 542 (1.84%)

W Kibdelosporangium - 521 (1.77%)
W Kribbelia - 505 (1.71%)

B Rubrobacter - 449 (1.52%)

B Mesorhizobium - 434 (1.47%)
W Planctomyces - 383 (1.30%)

W Bacillus - 35,085 (58.78%)

W Steptomyces - 7,392 (12.38%)

M unclassified (denved from Bacteria) - 6,039 (10.12%)
W Nocardioides - 1,133 (1.90%)

B Amycolatopsis - 1,060 (1.70%)

W Arthrobacter - 967 (1.62%)

W Temmonas - 763 (1.28%)

B Mycobacterum - 588 (0.00%)

W Stephylococeus - 517 (0.87%)

M Pseudonocardia - 447 (0.75%)

W Aasttermac « 238 in <RS0

Fungi occurrencein olive roots under dry and irrigated condition

Dry

B Botryosphaeria - 16,435 (34.12%)
W Phoma - 10,773 (22.37%)

B Neonectria - 7.060 (16.53%)

W Teuacladium - 4,476 (0.20%)
W Glomus - 3,789 (7.87%)

W Sarcinomyces - 2,345 (4.87%)
W Aternaria - 846 (1.34%)

M Plectosphaerelia - 353 (0.73%)
B Guehomyces - 154 (0.32%)

W Corynespora - 125 (0.26%)

W Attemaria - 24,800 (28.91%)
B Davidiella - 23,216 (26.00%)
M Foeniculum - 11,434 (13.20%)
M Neonectria - 4,576 (5.32%)
W Dendryphiella - 4,255 (4.95%)
B Phoma - 4,050 (4.72%)

W Candida - 2,768 (3.22%)

M Lewia- 1,063 (2.28%)

M Cladosporium - 1,241 (1.44%)
M Bionectria - 1,150 (1.35%)
M Ulocladium - 1,124 (1.31%)
W Aurculari - 1,021 (1.19%)

Bacteria and fungi detected in the olive root system under dry and irrigated conditions.

Bacteria detected in the soil under dry and irrigated condition

B Streptomyces. - 2,918 (10.70%)
B Rubrobacter - 1,600 (7.30%)
B Conexbacter- 1,558 (5.72%)

W Bacilus - 1,202 {4.74%)

W Trichomonas - 778 (2.85%)

W Geodermatophilus - 768 (2.82%)
L}

M unclassified (denved from Bacteria) - 8,960 (32.67%)

B Candidatus Koribacter - 1,503 (5.51%)

M Temmonas - 337 (1.24%)
B Pssudonocardia - 420 (1.17%)

B unclassified (derived Irom Deltaprateobacteria) - 308 (1.

B Nocardicides - 298 (1.08%)

W unclassitied (derved from Bactena) - 10,827 (27.84%)
W Susptomyces - 4,007 (10.14%)

B Fubrobacter - 2,510 (8.35%)

W Arthrobacter - 2,493 (6.31%)

W Bacilus - 2,166 (5.48%)

W Temmonas - 2,102 (5.32%)

W Conexibacter - 1,150 (2.63%)

W Mocardicides - 007 (2.52%)

W Pseudonocardia - 731 (1.85%)

B unclassitied (dertved from Detaproteobacieria) - 882 (1.
W Actinoplanes - 550 (1.90%)

W Candidatus Koribacter » 513 (1.50%)

B unclassitied (derved from Veernucomicrobia subdivision ¢
M Micromonaspora - 445 (1.13%)

Fungi detected in the soil under dry and irrigated condition

W Neonectria - 827 (27.15%)
W Glomus - 622 (20.42%)
M Phoma - 448 (14.71%)

W Mortierella - 115 (3.78%)
W Davidislia - 73 (2.40%)

M Ahternaria - 86 (2.17%)
B Malassezia - 63 (2.07%)
W Bionectria - 58 (1.00%)
W Preussia - 35 (1.15%)

W Aurecbasidium - 252 (8.27%)
B Guehomyces - 131 (4.30%)

W Chastomidium - 73 (2.40%)

B Davidislia - 6,694 (25.58%)
B Pnoma - 2,076 (11.37%)
W Fusarium - 2,087 (8.01%)
M Humicola - 1,808 (7.25%)
W Candida - 1,780 (6.84%)
W Chastomidium - 1,759 (6.72%)
B Stemphylum - 856 (2.51%)
B Massarina - 568 (2.10%)
W Lewia - 565 (2.16%)

W Sclerotinia - 476 (1.82%)
W Cladosponum - 439 (1.68%)
B Podospora - 433 (1.65%)
B Neonectria - 353 (1.35%)
M Diaporthe - 338 (1.26%)

Bacteria and fungi detected in the olive soil under dry and irrigated conditions.

Discussion
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Bacteria were in general more abundant in the soil then in roots. Most of them were in
common among samples, in three out of four samples exceeded 50% of total Bacteria, as
in the case of Actinobacteria.

Differences of the bacterial composition in the soil and inside the olive roots between dry
and irrigated condition were observed. Microbacteriaceae family, largely found in
association with animals, fungi and plants, was only found in dry condition both in root and
soil. This family contained pathogen agents, which often may affect plants. The well-known
family of Solanaceae parasites, Conexibacterium, was present in the olive root under dry
condition but it was never observed in irrigated root even if it was present in the soil. Inside
roots under drought condition several promoters of plant growth were found, such as Kribella
and Mesorhizobiu together with Kibdelosporangium, which is known for the production of
siderophores (ion chelate) and also as plants pathogens defender.

The presence of positive microorganisms for the well-being of plants was confirmed also by
the presence of some fungi, especially in the dry soil, with a peculiar attendance of genera
as Mortierella, which works against plants diseases, and Preussia. The phyla
Glomeromycota, found only in dry condition, may generate mycorrhizas, which may help
plants to absorb soil nutrients. On the contrary, Botryosphaeriaceae are plant pathogens
able to generate branch cancers. In the irrigated olive orchard some specific families were
found, such as Massarinaceae, considered beneficial for plants, because they produce
some bioactive compounds, dihydrobenzofurans and xanthenes, effective against
Microbotryum violaceum and Bacillus subtilis. On the contrary, the Sclerotinaceae are
described as one of the worst family of plants pathogens’, such as Botrytis spp. and Monilinia

laxa.

Concluding remarks

Plants growing under dry or irrigated conditions are characterized by a different occurrence

of bacteria and fungi in their root system and in the surrounding soil at different taxa levels.

It is still unknown if the microorganisms specifically selected under dry conditions may be
helpful or not in improving plant tolerance to drought and arid climates in general. Further

steps in this research are currently in progress.
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Table 4. Cultivars mostly originated from arid zones and cultivated in different environmental
conditions. They were included in the analysis together with reference international cultivars.

Cultivar Country of origin  Cultivation site
Abbadi abou gabra Syria

Abou kanania Syria

Abou satl mohazama Syria

Barri Syria

Chemlal de kabylie Algeria Env2
Jabali Syria

Maarri Syria

Majhol-1013 Syria

Majhol-152 Syria

Chemlali Tunisia

Chetoui Tunisia

Coratina Italia

Khalkali Syria

Kadesh Israel

Massahabi Syria Envl
Meski Tunisia

Sari Hasebi Turkey

Sigoise Algeria

Sourani Syria

Zaituna Italy

Berri meslal Morocco

Menara Morocco Env3
MeskKi Tunisia

Picual Spain

Barnea Israel

Kadesh Israel

Massahabi Syria

Shatqui Syria Enva
Sourani Syria

Souri Israel




6 Fruit fresh weight 70
= R60
~_d5 p
= =50
D4 =2
0] 240
33 g
é _30
22 S
;; le-20
21 10
1N

£ 23 338% ¢
S8 EB E L2
§ 5285 8=1
£66°¢

Fruit moisture

Env1 (temperate, rainfed)

Arbequina
Coratina
Chemlali

Chetoui
Frantoio
Meski
Picual

Estimation (1-5)

35
3,0
2,5
2,0
15
1,0
0,5
0,0

Fruit load

Arbequina

Figure 1. Fruit traits and estimated fruit load in two environments.
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Figure 2. Fruit oil content and fatty acid composition in two environments.
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