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* Pausch, J. & Kuzyakov, Y. (2018). doi: 10.1111/gcb.13850 
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* Carranza-Gallego, G., et al., (2018). doi: 10.3390/su10103724

* Hirte, J., et al., (2018). doi:10.1016/j.agee.2018.07.010 * Oldfield, E et al., (2019). doi: 10.5194/soil-5-15-2019

* Oldfield, E et al., (2019). doi: 10.5194/soil-5-15-2019

#RootsNotShoots
• A growing body of evidence highlights the contribution of root 

litter/residues as more important sources of C to the soil 
organic carbon pool when compared to shoot residues.

- Rasse et al (2005)
- Schmidt et al (2011)

- Clemmensen et al (2013) 

- Mazzilli et al (2015)
- Kong & Six (2010)

- Jackson et al (2017)
- Poirier et al (2018)

- Wood & Bradford (2018)

- Sokol & Bradford (2018)
- Berhongaray et al (2018)
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* Angst, G., et al., (2021). doi: 10.1016/j.soilbio.2021.108189 

* Liang, C., et al., (2020). doi:10.1016/j.soilbio.2020.108000 

…it had long been believed that remnants of decayed plant matter were the main components 
of the persistent C in soils.

… increasing evidence has led to the intellectual paradigm shift – dead microbial mass is the 
dominant component of the long-lasting SOC, rather than decayed plant matter.

Accordingly, this evidence is shifting the research from focusing on “humic” matter to the 
microbial contribution.

However, the microbial controls of biomass formation and necromass stabilization remains 
uncertain and elusive.

* Liang, C., et al., (2019). doi: 10.1111/gcb.14781 

* 

Catabolism Anabolism

Image: Glyn Bengough

What about 
Root Exudates?



© Joel Williams | www.integratedsoils.com

* Sokol, N.W. et al., (2018). doi: 10.1111/nph.15361 * Villarino, S.H., et al., (2021). doi: 10.1126/sciadv.abd3176 

Image: Glyn Bengough

Carbon
Use

Efficiency

* Source: Jocelyn Lavallee, CSU

* Cotrufo, M.F., et al., (2019). doi: 10.1038/s41561-019-0484-6 

N inputs and SOM – Burn or Build?

• Both!
• Mixture of studies show N inputs can:
- Increase SOM: greater residue input into the soil
-Decrease SOM: increased mineralisation (N mining)
-No effect

• The impact of N on SOM depends. 
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* Hirte, J., et al., (2018). doi:10.1016/j.agee.2018.07.010

* Pausch, J. & Kuzyakov, Y. (2018). doi: 10.1111/gcb.13850 * Ordóñez, R., et al., (2021). doi:10.1016/j.fcr.2021.108142 

“Root mass was maximized at 168 kg/ha N; zero and excessive N 
fertilization decreased root mass by 33 and 17 %, respectively”
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* Jia et al (2020). doi.org/10.1016/j.geoderma.2020.114256 * Geisseler, D et al., (2016). doi.org/10.1016/j.apsoil.2016.04.015 

Image: Glyn Bengough

What form
of N?

*  ?

Inorganic N                         Carbon Organic N

Synthetic v Organic N

Soil Organic N

• Soil organic matter (95% of total soil N)
• Proteins
• Peptides
• Amino acids
• Amino sugars
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Ammonium             Nitrate

Ammonium, Urea, Org N

• Converted in roots

• Encourages below
ground biomass [BGB]

• More subsequent 
nutrient & moisture 
scavenging; enhances 
AGB later in season

Nitrate

• Converted in leaf

• Encourages above
ground biomass 
[AGB] at expense 
of roots

* Franklin, O., et al., (2016). doi: 10.1111/pce.12772 

* Franklin, O., et al., (2016). doi: 10.1111/pce.12772 

Protein Tripeptides
and dipeptides

Amino acids

Enzyme breakdown
Enzyme and/or 
acid breakdown

Inorganic N

Mineralization

NH4
+

Decomposition

ProteinTripeptides
and dipeptidesAmino acids

Enzyme breakdownEnzyme and/or 
acid breakdown

Inorganic N

Mineralization

NH4
+

Metabolic Shortcutting

* Adamczyk (2021). doi.org/10.1007/s11104-021-05022-8 
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* Santi et al (2017). doi.org/10.3389/fpls.2017.00433 * Santi et al (2017). doi.org/10.3389/fpls.2017.00433

* Daly, A.E., et al., (2021). doi: 10.1007/s10533-021-00793-9

In agroecosystems, global fertilizer nitrogen use efficiency (NUE) remains stubbornly low at 
around 40%, and must nearly double by 2050 to meet predicted food and environmental 
demands. 

The modest success of technological solutions focused on fertilizer management reveals the 
short-comings of a narrow focus on managing inorganic N. 

Our model adds to calls for active management of SON and suggests that future agronomic 
research should seek to develop ways to enhance N supply from POM and MAOM when plant 
demand is high, but equally, to rebuild those SON pools during non-growing or fallow seasons.

* Daly, A.E., et al., (2021). doi: 10.1007/s10533-021-00793-9

* Daly, A.E., et al., (2021). doi: 10.1007/s10533-021-00793-9

Potential fertilizer impacts on bioavailable N supply 
from MAOM in soils with adequate MAOM-N 

Left: Modest, economical fertilizer application 
(lighter green gradient) incentivizes plants to invest 
in root production and associations with mycorrhizae 
(pink). Resulting plant-microbe-mineral interactions 
in minimally fertilized soils (1) liberate more 
bioavailable N from MAOM (orange); (2) increase 
microbial biomass; (3) produce less microbial 
ammonium waste and contribute less to N losses; 
and (4) increase necromass inputs that can replenish 
MAOM-N pools. 

Right: Heavy fertilizer application (darker green 
gradient) disrupts these plant-microbe-mineral 
interactions.

* Congreves, K et al., (2021). doi: 10.3389/fpls.2021.637108

For a more complete picture of measuring NUE, the entire plant should be considered—
including the roots. Roots comprise roughly 14% of total plant N in common annual crops with 
4–71% of total plant N released to soil as rhizodeposits.

A conspicuous oversight in how several NUE indices are conceptualized is the neglect to 
consider forms of N other than inorganic N. 

To better capture all the forms of N that plants use, the reconceptualizing of NUE must […] 
include the soil organic N pool that is available to and usable by plants—as this would 
numerically reduce several traditional estimates of NUE. 
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* Adamczyk (2021). doi.org/10.1007/s11104-021-05022-8 

Sources of Organic N

• Crop residues
• Roots
• Root exudates
• Microbial metabolites
• Dead organisms – microbes, invertebrates etc
• Organic amendments – compost, manures etc

* 

The legume introduction would provide the N 
avoiding SOC priming for N mining
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* Paynel, F., et al., (2008). doi: 10.1051/agro:2007061

Integrated N Management

• Carbon based inputs
• Intercrop with legumes
• Organic amendments
• Livestock Integration
• Foliar N
• Synergistic nutrients
• Biofertilisers – N fixers
• Plant breeding for NUE

In Summary

• Soil organic C & N dynamics are complex – many knowledge gaps

• Emerging paradigm on soil C is challenging existing ideas – watch this space
• N inputs should be optimised as best possible – excess N on roots and SOM?

• C-based additions to artificial N inputs creates ‘organic N’
• Use organic amendments where possible 

• Intercropping with legumes

Thank you, Questions?

Mailing List, More info:

www.integratedsoils.com
@integratedsoils


