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* Whetton et al (2022). doi.org/10.3390/nitrogen3020016



Nitrogen in the 
Soil

• Ammonia volatilisation

• Nitrous oxide denitrification

• Nitrate leaching



* www.earthstat.org/total-nutrient-balance-140-crops/



• Nutrient imbalances in plants

- Decline in plant/community 

health (agricultural and 

ecological)

• Loss of biodiversity

• Soil carbon fluxes

• GHG

• Contamination of waterways

- Low oxygen = algal blooms

- Acidification of water bodies

• Human health (drinking water)

Excess N?



* https://grdc.com.au/__data/assets/pdf_file/0015/109032/grdcfsnfix-legumeshigh-respdf.pdf.pdf * Reed, S.C., (2011). doi.org/10.1146/annurev-
ecolsys-102710-145034 



* Fan et al (2019). doi.org/10.1186/s40168-019-0757-8



* Huang et al (2019). doi.org/10.1111/1751-7915.13487



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 (C mining)

- No effect

• The impact of N on SOM depends. 



* Geisseler et al (2016). doi.org/10.1016/j.apsoil.2016.04.015 



* Ordóñez et al (2021). doi.org/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”



Nitrogen 
Uptake



Metabolised in roots

Encourages root biomass

More roots enhance above 
ground biomass later in season

Metabolised in leaf

Encourages shoot biomass

Sunlight dependent                     
(nitrate reductase)

Ammonium

Nitrate



Ammonium 
vs 

Nitrate

* Kopriva (2011). doi.org/10.1007/978-90-481-9407-0_7* Kopriva (2011). doi.org/10.1007/978-90-481-9407-0_7 



* Adamczyk (2021). doi.org/10.1007/s11104-021-05022-8 



* Farzadfar et al (2021). doi.org/10.1007/s11104-021-04860-w



* Farzadfar et al (2021). doi.org/10.1007/s11104-021-04860-w
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Enzyme and/or 
acid breakdown

Inorganic N

Mineralisation

NH4
+

Decomposition / Mineralisation
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Metabolic Shortcutting



* Franklin et al (2016). doi.org/10.1111/pce.12772 



* Franklin et al (2016). doi.org/10.1111/pce.12772 



Urea: C-based N
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Integrated N Management
INM - Designing integrated strategies to manage N

Foliar Nitrogen

Carbon stabilisers

Organic amendments

Biofertilisers – N fixers, endophytes etc

Plant breeding for NUE

Nitrogen Inhibitors 

Precision fertilisation

Cover crops, catch crops and green manures

Diverse/Multi-species pastures

Companion and intercropping with legumes
FoliarNitrogen





Why Foliar Feed?

• Foliar fertilisation strategies can achieve:

- Higher nutrient use efficiency (& economics) 

- Improve yield, quality and metabolism of crops

- Reduce the negative impact on the 

environment

- Potentially enhance consumer/livestock health 

benefits

* Niu et al (2021). doi.org/10.1007/s42729-020-00346-3



* Sarkar et al (2021). doi.org/10.3390/agriculture11040372 



Plant response depends on…

Formulation

Crop/Species

Application

Environment



* ?

Nutrient Carbon Complex

C-Based Inputs



Urea: C-based N



* Rose et al (2016). doi.org/10.1186/s40538-016-0062-8

Urea fertiliser
Urea-brown
coal fertiliser

Leaching

NO3
-

N2O



Granule Treatment

6-8 L/T of seed [1.5-2 gal/T] 



Carbon Sources

Dry Carbon

Compost

Manures

Biochar

Raw Humates

Humic & Fulvic 

granules/powder

Agricultural byproducts

Liquid Carbon

Molasses & Sugars

Humic Acid

Fulvic Acids

Amino acids

Protein Hydrolysates

Seaweed/Kelp Extracts

Plant Extracts

Compost Extracts







* Van Deynze et al (2018). doi.org/10.1371/journal.pbio.2006352
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Mineral Constraints to N Fixation

• Mineral constraints to Biological N Fixation?

- Mo: Mo-nitrogenase, nodule function

- Fe: Fe-nitrogenase, Leghemoglobin, Fe-hydrogenase

- Ni: Ni-hydrogenase

- P: ATP (high energy demand)

- Ca: low multiplication of rhizobia

- B: nodule development & maturation

- Co: nodule initiation

- Cu: N-fixing proteins in rhizobia

* O'hara et al (1988). doi.org/10.1007/BF02370104         * Weisany, W., et al (2015). 
https://www.researchgate.net/publication/262198129_Role_of_Some_of_Mineral_Nutrients_in_Biological_Nitrogen_Fixation



* Soumare et al (2020). doi.org/10.3390/plants9081011 

Biological nitrogen fixation is an energetically expensive process because 16 ATP 

molecules are needed to break down an N2 molecule. Twelve additional ATP 

molecules are required for NH4
+ assimilation and transport, totaling 28 ATP 

molecules. The nodulating plants must provide 12 g of glucose to their bacterial 

partners to benefit 1 g N in part. However, this process is still less energetically 

expensive than the Haber–Bosch process, developed in 1913. To produce the 

same amount of nitrogen, the Haber–Bosch process requires a temperature of 

400–500 °C and a pressure of ~200–250 bars.



* Moloney et al (2020). doi.org/10.2478/ijafr-2020-0002



* Moloney et al (2020). doi.org/10.2478/ijafr-2020-0002



* Šidlauskaitė et al (2022). doi.org/10.3390/su14031182



* Bacq-Labreuil, A., et al., (2019). doi:10.1038/s41598-019-43937-6 * Nyfeler et al (2011). doi.org/10.1016/j.agee.2010.11.022 

▶We describe how legume proportion 

modifies N acquisition from different 

sources. 

▶ Symbiotic N2 fixation was stimulated in 

mixtures compared to monocultures. 

▶ Uptake of N from soil N pools was 

stimulated in mixtures compared to 

monocultures. 

▶ The acquired N was used more 

efficiently by mixtures for biomass 

production.



In Closing

• N is very reactive/leaky – economic & environmental

imperative.

• Plants can make use of many forms of N – org N is 

more efficient.

• N is not an island – manage other synergistic nutrients, 

ideally determined via plant analysis.

• Integrate many strategies to manage N – foliars, C-

stabilisers etc.

• Diverse pastures with legumes.



Questions & Discussion
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