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Introduction

Exchangeable

Soluble

Available vs Total Nutrients Available vs Total Nutrients

mghkg Field 1 Field 2 Field 3
Available Available 05 05 04
Total 38,804 43317 47,383 Total 399 495 634
Available 428 458 985 Available 32 45 29
Total 14404 10453 17071 Total 432 413 484
Available 184 239 347 Available 19 14 20
Total 1341 1657 2,164 Total 14515 13444 18,044
Available 77 10 68 Available 16 18 28
Total 208 213 188 Total 133 141 206
Available 23 33 1 Available 039 043 058
Total 434 524 540 Total 85 97 135
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Nutrient Acquisition

* Plants and soil microbes solubilize nutrients by

exuding:
— Organic acids, H+
— Enzymes
— Specialized root exudates

» Decomposer organisms also breakdown organic
matter liberating nutrients for subsequent plant

uptake.

* Nutrients are made available for plant growth when:

~ A microbe dies
— A microbe is consumed by a predator

Nitrogen Use Efficienc

~50%

microbial biotechnology

Plant-microbe networks in soil are weakened by
century-long use of inorganic fertilizers

Summary

Understanding the changes in plant-microbe interac-
tions is critically important for predicting ecosystem
functioning in response to human-induced environ-
mental changes such as nitrogen (N) addition. In this
study, the effects of a century-long fertilization treat-
ment (> 150 years) on the networks between plants
and soil microbial functional communities, detected
by GeoChip, in grassland were determined in the
Park Grass Experiment at Rothamsted Research,
UK. Our results showed that plants and soil
microbes have a consistent response to long-term
fertilization—both richness and diversity of plants
and soil microbes are significantly decreased, as

Ruilin Huang,'* Steve P. McGrath? Penny R. Hirsch,®
lan M. Clark? Jonathan Storkey, Liyou Wu,*
Jizhong Zhou** and Yuting Liang'**

well as microbial functional genes involved in soil
carbon (C), nitrogen (N) and phosphorus (P) cycling.
The network-based analyses showed that long-term
fertilization decreased the complexity of networks
between plant and microbial functional communities
in terms of node numbers, connectivity, network
der lustering  coefficient. Similarly,
ial community, the strength of
s was also weakened in
response to long-term fertilization. Mantel path anal-
ysis showed that soil C and N contents were the
main factors affecting the network between plants
and microbes. Our results indicate that century-long
fertilization weakens the plant-microbe networks,
which is important in improving our understanding
of grassland ecosystem functions and stability under
long-term agriculture management.
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microbial biotechnology

Plant-microbe networks in soil are weakened by
century-long use of inorganic fertilizers

Control

wAchilla milefolium

= Plantago lanceolata
Poa pratensis
anunculus sp.
= Rumex acelosa
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Fertiized
~— = Anthoxanthum odoratum
= Arthenatherum ofatius
= Dactyis glomerata
Holcus lanatus

 Tritolum pratenso



Starter P: = D Z
Gain a Little or Lose a Lot? '

* AMF are not solely about nutrient access [P etc].
* Secondary benefits of AMF include:

— Drought resistance

- Tolerance to salinity

- Disease resistance

- Tolerance to heavy metals

* Oversupply of P shuts down AMF associations
thereby additionally limiting these secondary
benefits.

Improving NUE

 Options to improve nutrient use efficiencies:

- Integrated Nutrient Management MINIMIZE KEEP THE SOIL INTEGRATE

) SOILDISTURBANCE COVERED LIVESTOCK
-4R’s (@
- Organic amendments @ ((w ” ?
- Carbon based inputs % &\ ;
RIGHT SOURCE  RIGHT TIME
—Seed treatments

MAXIMIZE MAINTAIN LIVING
ROOT YEAR-ROUND

- Foliar sprays
- Plants

CROP DIVERSITY
- Biostimulants s @

- Biofertilizers RIGHTRATE  RIGHT PLACE

)| -y 1 o

Zero tillage and solil disturbance

Plant Diversity — crop rotations and intercropping
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“ Jilling, A, et al, (2018). doi: 10.1007/510533-018-0459-5

Sigo hizosphore comminty

N otz frg, bt (kOB
Fy- b ‘Commen izosphere communty.

* Ehrmann, J. & Ritz, K. (2014). dol: 10.1007/511104-013-1921-8

Contents lists available at ScienceDirect

Soil Biology and Biochemistry

ELSEVIER journal homepage: hitp:/www.elsevier.com/locate/soilbio

Do cover crops benefit soil microbiome? A meta-analysis of
current research

ABSTRACT

Cover cropping is a promising sustainable agricultural method with the potential to enhance soil health and
i soil degradati pping can for inct from that
of bare fallow, the soil microbiome is hypothesized o respond to the altered environmental circumstances.
umber of primary
‘and the soil microbiome, there has not been a quantitative research synthesis that is sufficiently comprehensive
and specific o this relationship. We conducted a meta-analysis by compiling the results of 60 relevant studies
reporting cover cropping effects on soil microbial properties to estimate global effect sizes and explore the
current landscape of this topic. Overall, cover cropping significantly increased parameters of soil microbial
abundance, activity, and diversity by 27%, 22%, and 2.5% respectively, compared to those of bare fallow.
Moreover, cover cropping effect sizes varied by agricultural covariates like cover crop termination or tillage
methods. Notably, cover cropping effects were less pronounced under conditions like continental climate,
chemical cover crop termination, and conservation tillage. This meta-analysis showed that the soil microbiome
can become more robust under cover cropping when properly managed with other agricultural practices.
However, more primary research is till needed to control between-study heterogeneity and to more elaborately
assess the relationships between cover cropping and the soil microbiome.
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I Ecology and Evolution

_

Root exudate cocktails: the link between plant diversity and
soil microorganisms?

M Contal
Orow
W HicH

Soil microbial biomass

Plant species richness

* Steinauer, K. et al, (2016). doi: 10.1002/ece3 2454

Exchangeable

Soluble

Soil

Exudation
by living cells

Direct Transfer through mycorrhizal hyphac

Decay of plant tissues

Uptake

Soluble N
compounds

* Paynel, ¥, et al (2008). doi: 10.1051/agr0:2007061

Root Exudate Cocktails

The quality and quantity of root exudates is determined by:

* Biotic Factors * Abiotic Factors
- Plant species

- Plant age/stage - Light
—Temperature
- Soil pH

- Moisture

- Plant nutrition/photosynthesis
— Neighbouring plants
- Interacting organisms

—Herbivores —Soil nutrient supply

Contents lists available at ScienceDirect

Soil Biology and Biochemistry

journal homepage: hitp:/www.elsevier.com/locate/soilbio

ELSEVIER

- Environmental factors

A meta-analysis of global cropland soil carbon changes due to

cover cropping

Cover Crops:

i extured ol had
e rops), e texand s

=7 - SOC increase of 15%

wei - Clay soils more responsive that sandy

- More potential in temperate vs tropical
- Mixtures > Monocultures

- Surface soils more responsive (30cm)

“Jian et ol (2020) d0i:10.1016/)50ilb10.2020.107735
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* htps://doi.org/ 10,1016/ plants 2017.05.004
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Faba bean
(Vicia faba L)

& oFNR e

E—

Trendsin Plant Science.



PLOS|ONE

Impacts of arbuscular mycorrhizal fungi on nutrient uptake,
N, fixation, N transfer, and growth in a wheat/faba bean

intercropping system
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Wheat

Irish Journal of Agricultural and Food Research

single-species swards in intensive
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Irish Journal of Agricultural and Food Research

single-species swards in intensive silage systems

* Moloney, T, et al,, (2020). do: 10.24;

14000

* Moloney, T et al.
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* Finney, D.M., et al., (2017). doi-10.2489/jswc.72.4.361

Feed Biology:
Biostimulants

Cover crop species have contrasting influence upon soil
structural genesis and microbial community phenotype

Aurelie Bacq-Labreuil %, John Crawford 2, Sacha J. Mooney?, Andrew L. Neal? &
Karl Ritz()?

lover, black oat, phacel i
icrobis it il. The four plant

“The microbial
jth

* Baca-Labreuil, A et ol (2019). doi:10.1038/541598.019.43937-6

Managing for Roots

Cash Crops
- Higher root:shoot ratios
- Use of perennials
- Breed new varieties for below ground traits
Inputs
~ Root enhancing nutrition/biostimulants etc
Maintain a living root
- Cover crops and relay intercropping |
- Avoid bare fallows |
Minimize Disturbance
- Preserve aggregate stability
Polycultures
- Variety of root architectures
- Companions/intercrops for below ground benefits
Cover crops
- Higher root:shoot species and varieties
- Higher quality litters (low C:N) -> MAOM
Livestock Integration
- Rotational and holistic grazing — more root recovery

Biostimulants

Humic Substances — HAs & FAs
‘Amino Acids & Protein Hydrolysates — animal or plant based
Macro & Micro Algae — seaweed extracts

=T

Botanicals/Plant Extracts — water/alcohol extracts, essential oils, triacontanol

Microbial Inoculants — PGPR, AMF, composts/extracts etc
Inorganic compounds — Si, Se, Co, Na

© Joel Williams | www.integratedsoils.com




Multiple
compounds

Multiple
MoAs

Induce tolerance to biotic

Recent Advances in the Molecular Effects of Biostimulants in
Plants: An Overview
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Biostimulant Properties of Seaweed Extracts in Plants:
Implications towards Sustainable Crop Production
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— = Lipids
Minerals
= Plant Growth regulators
Other

. biomolecules

tal (2021)

Trends in Seaweed Extract Based Biostimulants:
Manuf: ing Process and B ial Effect on
Soil-Plant Systems
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Biological Evaluation
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* €l Boukhari et al (2020). doi.o

* Moreno-Hernandez et ol (2020). doi.org/10 406
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Protein Hyrolysates Carbon Based Inputs

Protein Tr\pgptidgs Amino acids Inorganic N
and dipeptides

A -
0209 “oa °
* CeO NH,*
e [} —|— =
(A‘:L., ~—_— ~—
o \/
Enzyme breakdown Mineralization

Nutrient Carbon
Enzyme and/or

Complex
acid breakdown

Soil Biology:
Two schools of thought...

« Stimulate/feed native organisms
—Soil health
—Plant diversity
—Feed the soil

Inoculate Biology:

Biofertilizers

* Introduce/inoculate new populations
—Soil applied
—Plant applied

Biofertilisers
Are we changing

the whole soil
microbiome?

Biofertilizers are
adrop in the

ocean? * Compost

* Compost Extract, Tea & Slurry
* Anaerobic Ferments / IM
L ) * Manures
@ 8 « Commercial Products
Disseshy —N fixers, PSM, EM

—AMF, Trichoderma

—Endophytes

—Consortiums etc etc
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Seed microbiome
(2% generation)

Aboveground

+ Microbiota delivery Initial microbiota diversity to soil

& o
- Host genetics N .
Time line

- Host epigenetics

o+t
PReas
L

hitp://dx.dol.org/10.1016/j.mib.2017.03.010

Slurry inoculant

Liquid inoculant Powdor
NG slurry
S water = jnoculant

+adhesive

Rhizosphere microbiome mediates systemic root
metabolite exudation by root-to-root signaling

Liquid + carrior

)

Mix with seeds
+ adhesive (optional)

Pump
Signalling / .
I +lime pelleting (optional;
metabolites
) Alr dried
Seed
Sowing
Drying (air) Liquid
inoculant
Sowing

Inoculated and coated
seed before sowing

* Korenblum, E., et al, (2020). dof: 10.1073/pnas. 191213011

In Summary

« Soil nutrients are often plentiful
« Fertilizer inputs are often inefficient
Questlons, Discussion
more info, mailing list:

* Leveraging fertility with biology:
- System Design: Take a systems approach, integrate many tools, livestock

— Plants: The living roots are the key, mono or mixtures

www.integratedsoils.com

— Feed: C-based inputs and biostimulants
Y @integratedsoils

—Inoculants: Seed treatments and Liquid Inject
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