Plant and soil microbiome in
sustainable agriculture



Microbiome

e a community of microorganisms (such as
bacteria, fungi, and viruses) that inhabit a
particular environment

* the combined genetic material of the
microorganisms in a particular environment



In soil

Microbial community is extremely important
Main driving force in shaping soil attributes
Nutrient cycling (N, S, P...)

Degradation of organic wastes, xenobiotics,
maintain fertility

10° to 10%? of individual microbes per 1 gram of
soil

Thousands of predicted species

Large number of microhabitats, thus clustered

Majority (99%) of them are not cultivable



Measuring soil microbiome

Single number
per sample

e Description on whole community (size)
— Soil microbial carbon, nitrogen (fumigation methods)
— DNA (yield or gPCR)
— Enzymatic activity
— Respiration — basal or induced

e Description of community composition (diversity)

— cultivation Multidimensional
variable

— PLFA 3

— Physiological profiling Descriptive indexes
— Metagenomics/metataxonomics



Predictors in soil microbiome

Organic carbon quality and quantity
Soil [O,] and redox status

Soil moisture availability

Nitrogen and phosphorus availability

Plant species identity

Predation and viral lysis

>

Less important More important

Relative importance in structuring
soil bacterial communities



Effect of management practices

* Generally intensive agriculture decrease size
and activity of microbiome

— Mechanical disturbation (pole changing)
— Fertilization ( stimulation of selected groups)
— Organic matter decrease
— Xenobiotics — pesticides, pollution
e Agriculture can increase diversity because of

rapid changes during year (high heterogeneity
offers opportunity for more species)



Effect of pesticides

Pesticides have negative effect on
microorganisms (common sense)

Lot of studies declare negative effect on
microbiome activity and diversity

Is their effect direct or indirect?




Our studies

* Insecticides
e Dursban and Talstar

* Direct aplication to soil on recomendend dose
and 100-fold dose

* Incubation in laboratory for 112 days

* Measuring Cmic, enzymes, community
structure - DGGE, physiological profiles

Effect of Dursban 480 EC (chlorpyrifos) and
Talstar 10 EC (bifenthrin) on the
physiological and genetic diversity of
microorganisms in soil

Juraj Medo &, Jana Makov, Silvia Kovécsovd, Kamila Majercikova
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Herbicides

Teridox and Linuron

Sulfonylureas (chlorsulfuron and
sulfosulfuron)

Glyphosate and MCPA (in analysis)

Metataxonomic study using 16S rRNA gene
and ITS sequencing, enzymes, Cmic,
respiration...
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Changes in bacterial community
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Shannonov index biodiversity
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Conclusion

No significant changes in recommended doses

In 100-fold doses, changes only in some
treatments

Increase of size, diversity and activity

Significant change in time (depletion of
sources)



Our hypothesis

* Change of microbiome is not caused by direct
effect of pesticides on microbes but:

— By decreased primary production (less plants), i.e.
no root exudates, less organic matter, decrease of
humus

— Uncovering the soil i.e. overheating, splash
sensitivity — lost of nutrients, water and wind
erosion

No matter of use of pesticide or mechanical weeding, effect will be the same

Is some level of weeds desired in canopy?
What kind of practice can compensate negative effect of weeding?



Plant microbiome

All microbes in plant and around the plant.

Phytobiome - It includes the plant itself, the
environment and all micro- and macro-organisms
living in, on, or around the plant.

Rizosphere/phyloplane — below/underground
areas affected by the plant

Rhizoplane/phyloplane — surface of roots/leaves

Endophytes — microbes living within plant tissue
without adverse effect on plant



Rizosphere —the most diverse habitat

[Growth & development] [Nutrient acquisition ]

[Tolerance to abiotic stress |

A
[ Protection against pathogens ]

A The
[ Physiology/metabolism ] G 0 o D [ Immune response ]

The rhizosphere
MICROBIOME

[Plant diseases] [Food contamination]




Interactions

Multilateral interaction within phytobiome
Microbes can induce resistance to pathogens or pest
Systemic resistance (stress, drought)

Enhance of growth (phytohormones, nutrients)

Specific responses (production of volatiles attracting
parazitoids of pests)

Microbes suppress microbes (antibiotics, antifungals
parasitism)

Microbes as pest patogens
Microbes as communication network (hyphosphere)
Plants affect microbes mainly through root exudates



Microbiome manipulation

Inoculation techniques PGPR, Mycorhizal fungi

Biocontrol agents — directly destroy pathogens
(Trichoderma) or insect (entomopathogens)

Inoculant can effectivelly conquer resources —
slow down development of pathogen

Inoculation can be stable for longer period
Effective in soil with low biomass



Microbial products

Emerging market — lot of products, startups
Promoted by legislation (chemicals will be banned)
Sometime less effective — depends on conditions

Storage condition and application is more difficult
than chemicals

Problematic classification

Biocontrol agents — almost the same procedure as
chemicals for register

Growth enhancer (bio fertilizer) registration much
easier




Safety issue

Can microbial products be bad? Or even ugly?

How big are changes in ecosystem caused by
microbial agents?

|s safety of workers ensured?
|s persistence good or bad?

Currently, only limited knowledge is
available...












