Intercrop management as a tool to increase soil microbial diversity on
rainfed almond cultivations
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Introduction

The European Research project “Crop diversification and low-
input farming cross Europe” (Diverfarming) aims to develop and
test different diversified cropping systems under low-input
practices to increase land productivity and crops quality.

Agricultural
intensification

Monocropping
Intense tillage

Excesive fertilizers

and pesticides

Soil organic matter loss

Soil erosion

Biodiversity reduction
Greenhouse gas emissions

Soil and groundwater pollution
Salinization

Economic risks and uncertainties

Low efficient use of

resources and low

term sustainability
in risk
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Introduction
SE Spain

http://almendraoria.blogspot.com/

The typical management system on the area
consist on tree lines with barren soils among them

Semiarid climate

317 mm annual precipitation

ETP annual: 803 mm

15.2 2 C anual mean temperature



https://commons.wikimedia.org/

Introduction

- Low vyields: 150 kg / ha vs 500 kg / ha national average

- Commercial, social and environmental marginality is derived

- This territory is defined in the geographical framework of
the European Union as an environmentally and
economically disadvantaged area.
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- Erosion processes
- These favor abandonment of crops, which is exacerbated by | - | oss of biodiversity
the policies of the Common Agricultural Policy (CAP).
- Different crops cannot be used to qualify for European
agricultural subsidies.
- Some cover is admitted, but not productive species.

Case study: almond monocrops, almond + vine, almond + wheat

Our objective on this work is to study the differences on the microbial diversity (fungi) of soils
under an intercropping system (almond tree, vineyard and wheat) on the arid area of the
Almanzora basin (northern province of Almeria, Spain).
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Methodology

3 management practices
Soil Sampling (0-10 cm Depth)
9 samples x 3 crop types = 27 samples
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Metagenomic Analyses

o
o, o
® ®
°Q °.
DNA Extraction @ Sequenced MiSeq ITS1 regidn UNITE ITS
® (comercial kit) llumina ITS5-ITS2 primers database

Taxonomy

Bioinformatic Analyses

Diversity
indices

PERMANOVA

Statistical Analisys |

LDA Effect size (LEfsE) '+ =~
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One-factor permutational multivariate analysis of variance (PERMANOVA)

Source df SS MS Pseudo-F P(perm) perms
Crop system 2 3522.4 1761.2 3.0002 0.001 997
Res 23 13502 587.03
Total 25 17024

Pair-wise test PERMANOVA

Groups t P(perm) perms
1,2 1.5321 0.001 975
1,3 1.7989 0.001 974
2,3 1.9248 0.001 983
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Diversity indices (mean deviation * standard deviation)

Crop ASVs Faith Shannon Pielou

Almond 249 £39.66 44.63+5.01 517135 0.64+0.16
Almond + vineyard 287 +38.08 46.89+4.58 5.32+0.57 0.65+0.06
Almond + wheat 305%15.84 49.81+1.14 5.68+0.63 0.68+0.07
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A+W: Almond + Wheat
A: Almond
A+V: Almond + Vineyard
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Results

Examples fungi taxa more present on the almond with wheat crop system
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: 1. Almond
o | —— 2. Almond + vine
: ﬁ v : X 3. Almond + wheat
p__Ascampcoty_8_ P, ereia_selognefae p__Ascompeota._g__Tetaciadum _s__unisentfied

| (p: phylum, g: genera, s: species)
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Discussion

DIVERFARMING
Lacombe et al. (2009) found a higher abundance of fungi in intercropping systems

compared to monocropping systems. In addition, Bainard et al. (2012) found more
diversity in intercropping systems. These findings agrees with our results as we found that
fungi microbial communities are significantly different when vineyards and wheat are
introduced as intercrops on almond trees cultivations, being thus more diverse, showing
the alpha indices a gradient

P Almond + wheat > almond + vineyard > almond.

An important number of taxa were related to the different crop systems showing the
number of taxa again the same trend.

This suggest that each combination of crops can favour certain taxa which in turn can have
important implications in the development of more sustainable crop systems (Bagyaraj, D.
J., and Ashwin, R., 2017).
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- The introduction of vineyard or wheat in almond tree cultivation
produced differences in fungi microbial communities and an
increase in the fungal diversity.

- This increase in the diversity will improve the biological soil
properties and several authors suggest that can have important
implications in crop productivity.

- Different taxa were more associated with the different crop systems
being the system almond with wheat the one with the highest
number of taxa related.

- This study can result in a start point for further research on the
interactions of microorganism - plants associated to crops and the
effects of intercropping in increasing the soil biodiversity.
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