Microbial profiling of a suppressiveness-induced agricultural soil
amended with composted almond shells lead to isolation of new
biocontrol agents
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Abstract: This study focused on the microbial profile presaran agricultural soil that becomes
suppressive after the application of composted athshells (AS) as organic amendments. The
role of microbes in the suppressionRifsellinia necatrixthe causative agent of avocado white
root rot, was determined after heat-treatment amdpbementation experiments with different
types of soil. Bacterial and fungal profiles basedhe 16S rRNA gene and ITS sequencing, the
soil under the influence of composted almond shellealed an increase Rroteobacteriaand
Ascomycotaroups, as well as a reductionAnidobacteriaandXylariales(whereR. necatrixis
allocated). Complementary to these findings, fuomal analysis by GeoChip 4.6 confirmed the
improvement of a group of specific probes includedhe “soil benefit” category was present
only in AS-amended soils, corresponding to spedificroorganisms previously described as
potential biocontrol agents, such Bseudomonaspp., Burkholderia spp. orActinobacteria
Based in such data, a model for the microbial-basgipressiveness is proposed and further
isolation of representative microorganisms weréqoared.
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Introduction

The enhancement of soil suppressiveness using iorgarendments has been widely
described, especially for soil-borne diseases égahd Lazarovits 2003). The soils that
become suppressive soils provide an environmewhioh plant disease development is
reduced, even in the presence of a virulent pathaged a susceptible host. This
phenomenon could be induced as a direct resutecd¢tivity of microorganism consortia
that are naturally established on soil after ajgpion of the amendment (Weller et al.,
2002). For this reason, understanding the diversdynposition, structure, function and
interactions of microbial communities is crucial gain insight into the basis for
suppressiveness mediated by this organic amenddemntier et al., 2007).

Our research interest is focused on the avodadséa americanMill.), for which
southern Spain is one of the most relevant zon#dseiMediterranean area for this crop.
In this part of the world, one of the most limitisgilborne diseases affecting avocado
trees is white root rot, caused by the funBusiecatrix Several approaches have been
implemented, among them, the use of organic amentdmer mulches, such as
composted almond shells, which have been previosklywn that can affect soil



physicochemical properties and microbial commusifionilla et al., 2015; Lépez et al.,
2014).

Materials and methods

Soil sampling

Natural field soil samples allocated underneathurmimended avocado trees (CT) or
amended with composted almond shells (AS) werentake perform the different
experiments, as previously described by Vida et28l16 from an experimental located
at the Experimental Station ‘La Mayora’ (IHSM-UMASIC, Mélaga, Spain) on the
coast of the Malaga Province (SE Spain).

Samples processing

To test the potential role of soil microorganismssuppressiveness, we prepared three
types of processed soils using different treatmdsitdd soils (raw soils), heat-treated
soils and complemented soils (Vida et al., 2016)isblateGammaproteobacteristrains
from rhizosphere and bulk soil, we plated the sampn selective medium (King's B
[KB] agar supplemented with antibiotics (Larkin aktbneycutt, 2006)). The most
abundant colonies with different morphology (n=2%g&)e isolated and storage at -80°C.

Suppressiveness assays

Suppressiveness assays against white root rot ¢dnyséhe virulent straifRosellinia
necatrix CH53 were conducted using two different suscept@dthosystems, avocado
and wheatTriticum aestivurpusing raw, heat-treated soils and combinatiorez ¢da et
al., 2006; Vida et al., 2016).

Microbial profile analysis

Composite DNA samples from each soil type (AS afg Were sent for sequencing to
obtain the microbial DNA sequences of the 16S rRijghe and ITS hypervariable
regions. Sequences were analysed using QIIME ando@munity™ software
(ChunLab, Korea). Moreover, additional compositegies of DNA from the different
soil samples studied were sent to Glomics Inc (NormOklahoma, USA) for the
functional analysis (Tu et al., 2014).

| solates characterization

Focused inrGammaproteobacteriatrains (n=267), antagonistic activity assays (@az
et al., 2006), detection by colony blot of biosyith genes of antimicrobial compounds
and production of exoenzymatic activities were @erfed. Partial sequencing of 16S
rDNA gene, plant growth promotion and biocontrosas were performed only with
some representative selected isolated.

Results and discussion

White root rot suppressiveness assay

AS field soil samples displayed better suppresabikity than CT field soil samples (data
not shown). The disease suppressiveness activiyedaced when AS soil samples were
heat-treated (ASt). Moreover, suppressiveness waglemented in conductive soils
when incorporating AS soil samples. Thus, the nfimt@a evolved in the composted



almond shells was crucial for suppressiveness Ilsecthe reduction of the bacterial
population after a heat treatment in the organieradment resulted in a more conducive
phenotype. Moreover, total or partial suppressisengas recovered when these heat-
treated soil samples were complemented with agodf soil influenced by AS.

Microbial profile analysis

Taking together the results obtained in this workl an previous works related, a
theoretical model about the role of the microorgars in enhancing suppressiveness after
amendment with composted almond shells can be peap@-igure 1).

I Composted almond shells l Xilariales
(Rosellinia necatrix)
- ]
Lignin
C:lluIos‘e_--".emlcellul:fe Effect:
Aromatic I(ompoun s induced
Ascomycetes: suppressiveness
-Dothideomycetes 1
Microbes involed in t C degradation ability: t Production of antimicrobial
Actinobacteria: compounds degradation antifungal enzymatic activities: 'I' gonipounds .
-Actinobacteria | (amilases, celluloses, quitinases) I (phenazine, streptomycin,
isopenicillin)
C sources avalaible I
mc:cascd Proteobacteria: t
-Gammaproteobacteria
| Appearance of specific Xanthomonadales
— — - microbial members and Pseudomonadales
activities on AS-amended soil

-Betaproteobacteria t
Burkholderiales

Figure 1. Hipothetical mode of action of almondlshamendment

Briefly, soil amendment with composted almond shetlsulted in an extra input of
organic matter rich in lignin that could be initjategraded by fungal members of the
community (such a®othideomycetgsand Actinobacteria. Lignin degradation would
produce a progressive release to the soil of mon@le compounds. Those released
compounds lead to an increase in carbon sourcedalalea such as cellulose,
hemicellulose and aromatic compounds. At this pasame Proteobacteriaalready
present in the soil (mainlGammaproteobacteriand Betaproteobacteripcould take
advantage metabolizing that available organic matteus slightly enhancing their
population. A selected group of enhanced microdsgas harbor, among othagenes
involved in antifungal enzymatic activities and guation of antimicrobial compounds
that could have an effect on the interaction witheo microbes. This resulting modified
microbiota after addition of composted almond shetluld be more active against some
groups of phytopathogenic fungi (X#ariales, whereRosellinia necatrixs included)
finally showing a phenotype of induced suppressgsreffect.

Selection of new biocontrol agents

Finally, the isolation oflGammaproteobacteriatrains from a suppressive soil could
represent a strategy for selecting microorganisitis iocontrol abilities. Thus, some

isolates have been obtained, and displayed comipilaed growth promoting activities



or antagonistic interactions with the biocontrokiaty. The main genera selected
correspond t&erratiaspp.,Pseudomonaspp. andstenotrophomonaspp
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