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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

~50%

Nitrogen Use Efficiency

www.resourcewatch.org

* Huang, R., et al (2019). doi:10.1111/1751-7915.13487 * Huang, R., et al., (2019). doi:10.1111/1751-7915.13487
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Starter P:
Gain a Little or Lose a Lot?

* Gosling, P., Hodge, A., Goodlass, G., and Bending G.D. (2006). Arbuscular mycorrhizal fungi and organic farming. Agriculture, Ecosystems and Environment 113: 17–35

• 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
-4 R’s
-Organic amendments
-Carbon based inputs
-Seed treatments
-Foliar sprays
-Plants
-Biostimulants
-Biofertilizers

Plants
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Organic 

acids

* Jilling, A., et al., (2018). doi: 10.1007/s10533-018-0459-5 * Jilling, A., et al., (2018). doi: 10.1007/s10533-018-0459-5

Organic 

acids

*  ?

* Rhizosphere acidification of faba bean (a), soybean (b), and maize (c).  

* Ehrmann, J. & Ritz, K. (2014). doi: 10.1007/s11104-013-1921-8 

1 + 1 = 3

?

Source: Cotswold Seeds * Kim, N., et al., (2020). doi: 10.1016/j.soilbio.2019.107701 
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* Steinauer, K., et al., (2016). doi: 10.1002/ece3.2454

Root Exudate Cocktails

• Biotic Factors
-Plant species
-Plant age/stage
-Plant nutrition/photosynthesis
-Neighbouring plants
- Interacting organisms
-Herbivores

Image : Glyn Bengough* Steinauer, K., et al., (2016). doi: 10.1002/ece3.2454     * Dietz, S., et al., (2020). doi:10.1038/s41598-019-54309-5

• Abiotic Factors
-Environmental factors
-Light
-Temperature
-Soil pH
-Moisture
-Soil nutrient supply

The quality and quantity of root exudates is determined by:

* Jian, J., et al., (2020). doi:10.1016/j.soilbio.2020.107735 

Cover Crops:
- SOC increase of 15%
- Clay soils more responsive that sandy
- More potential in temperate vs tropical
- Mixtures > Monocultures
- Surface soils more responsive (30cm)

* Paynel, F., et al (2008). doi: 10.1051/agro:2007061 * https://doi.org/10.1016/j.tplants.2017.05.004
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* Ingraffia, R., et al., (2019). doi: 10.1371/journal.pone.0213672 * Moloney, T., et al., (2020). doi: 10.2478/ijafr-2020-0002

* Moloney, T., et al., (2020). doi: 10.2478/ijafr-2020-0002 * Li, L., et al., (2014). doi: 10.1111/nph.12778 

* Finney, D.M., et al., (2017). doi:10.2489/jswc.72.4.361 
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* Finney, D.M., et al., (2017). doi:10.2489/jswc.72.4.361 * Bacq-Labreuil, A., et al., (2019). doi:10.1038/s41598-019-43937-6 

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

Feed Biology: 
Biostimulants

Biostimulants
• Humic Substances – HAs & FAs
• Amino Acids & Protein Hydrolysates – animal or plant based 
• Macro & Micro Algae – seaweed extracts
• Botanicals/Plant Extracts – water/alcohol extracts, essential oils, triacontanol
• Microbial Inoculants – PGPR, AMF, composts/extracts etc
• Inorganic compounds – Si, Se, Co, Na
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Multiple 
compounds

Multiple 
MoAs

* Baltazar et al (2021). doi.org/10.3390/BIOM11081096 

* Shahrajabian et al (2021). doi.org/10.3390/biom11050698 * Ali et al (2021). doi.org/10.3390/plants10030531

* El Boukhari et al (2020). doi.org/10.3390/plants9030359  * Moreno-Hernández et al (2020). doi.org/10.4067/S0718-58392020000200274
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Protein Tripeptides
and dipeptides

Amino acids

Enzyme breakdown
Enzyme and/or 
acid breakdown

Inorganic N

Mineralization

NH4
+

Protein Hyrolysates

*  ?

Nutrient Carbon Complex

Carbon Based Inputs

Inoculate Biology: 
Biofertilizers

Soil Biology:
Two schools of thought…

• Stimulate/feed native organisms
-Soil health
-Plant diversity
-Feed the soil

• Introduce/inoculate new populations
-Soil applied
-Plant applied

Are we changing 
the whole soil 
microbiome?

Biofertilizers are 
a drop in the 

ocean?

Biofertilisers

• Compost
• Compost Extract, Tea & Slurry
• Anaerobic Ferments / IM
• Manures
• Commercial Products
-N fixers, PSM, EM 
-AMF, Trichoderma
-Endophytes
-Consortiums etc etc
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*  http://dx.doi.org/10.1016/j.mib.2017.03.010 

* Korenblum, E., et al., (2020). doi: 10.1073/pnas.1912130117 

In Summary

• Soil nutrients are often plentiful
• Fertilizer inputs are often inefficient
• Leveraging fertility with biology:
-System Design: Take a systems approach, integrate many tools, livestock
-Plants: The living roots are the key, mono or mixtures
-Feed: C-based inputs and biostimulants
- Inoculants: Seed treatments and Liquid Inject

Questions, Discussion?
more info, mailing list:

www.integratedsoils.com
@integratedsoils


