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Problems with Uptake?

• Soil nutrient supply limited by:
-Abiotic stresses: temperature, 

soil moisture, salinity, pH 
extremes.
-Biotic stresses: pest and 

disease, soil biological 
activity.
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* Sarkar et al (2021). doi.org/10.3390/agriculture11040372 

* ?

Nutrient        Carbon        Complex 

Carbon Based Inputs

* Saha et al (2017). doi.org/10.1016/j.scitotenv.2017.05.270
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Application Rates

• Molasses & Sugars
• Humic Acid
• Fulvic Acids
• Amino acids
• Protein Hydrolysates
• Seaweed/Kelp Extracts
• Plant Extracts
• Compost Extracts

5 L/ha
Label rates, 3-5 L/ha
Label rates, 1-2 L/ha
Label rates, 0.5-1 L/ha
2-5 L/ha
2-5 L/ha
10+ L/ha
10+ L/ha

Feeding Microbes

• Molasses, sugar

• Amino acids, protein hydrolysates

• Seaweed/Kelp extracts

• Fulvic Acid

• Humic Acid

• Plant Extracts

• Biostimulants
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Mechanisms of Efficiency Gains?

• Targeted placement directly onto crop
• Less nutrient antagonisms/competition vs soil applied

• Improved and even coverage vs sporadic granules

• Rapid uptake = less time for losses to occur
• Less off-gassing, less nitrate leaching etc

• Maintain nutrient supply during sub-optimal soil conditions
• More control over what forms of nutrients enter the plant.

* Rafiullaha et al (2021). doi.org/10.1080/01904167.2021.1871744 * Dawar et al (2011) doi.org/10.1016/j.agee.2011.08.007 
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* Dawar et al (2011) doi.org/10.1080/00380768.2012.680050

25 kg N ha−1

Urea applied with 
Agrotain in FPA 
form increased the 
N-response 
efficiency (N-RE) by 
∼31% and ∼96%, 
respectively, 
compared with FPA 
urea or granular 
urea.

Foliars Enhance Soil Uptake?

• Foliar NH4
+ increased soil N uptake (cotton)

• Foliar K promoted soil K uptake (potato)
• Foliar urea enhanced soil N and P uptake (potato)
• Mechanism?
-Foliar nutrients can be translocated to roots and 

increase root biomass and hence soil uptake. 
-Enhanced root exudation.

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

Soil vs Foliar

• Soil dominant nutrients
-Major minerals
- Immobile nutrients

• Foliar dominant nutrients
-Trace minerals
-Mobile nutrients
-Any at all, with realistic goals

Avoiding the 
‘spray and pray’ 

approach
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Plant response depends on…

Formulation

Crop

Application

Environment

Plant Response: Formulation
• Formulation
-Water quality
-pH (<6)
-Carbon or chelation
-Electrical charge (cations vs anions)
-Solubility
-Molecular size
-EC (electrical conductivity: 1.5-3 mS/cm)
-Surface tension (spreading capacity)

• Chelated minerals generally have: 
-Neutral charge  
-Better absorption (by root or foliar)
-Better translocation within the plant 
-Lower salt index/less burning
-Slower release rate (varies)

• Amino chelates are particularly useful.
-Fish etc

Chelation Plant Response: 
Application

• Nozzle
• Droplet size
• Pressure
• Droplet deflection
• Runoff
• Drift
• Surface area coverage
• Forward speed
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Plant Response: 
Crop

• Crop stage
• Canopy Structure
• Leaf Area Index
• Leaf Chemistry
• Leaf Shape
-Cuticle
-Surfaces waxes
-Leaf hairs, spines etc

• Abiotic and biotic stresses

• Humidity
-Time of day (stomata & pores open)
-70%+ humidity is ideal
-Rapid drying can lead to re-crystallization

• Temperature
-Max 28 C (~25 C)

• Wind
-3-15 km/h

• Drought
-Early vs Late plant stress

Plant Response: 
Environment

* https://grdc.com.au/__data/assets/pdf_file/0023/142583/grdc_fs_spray-practical-tips_low-res-pdf.pdf.pdf

Designing 
Foliar 
Mixes

1. Use plant/sap analysis 
-Determine nutrient imbalances/limitations and 

which nutrients need addressing

2. Nutrient source(s)
-Choose fertiliser source
-Consider auxiliary nutrients
-Consider incompatibilities

3. Carbon source(s)
-C-based chelators: fulvic, molasses etc

4. pH adjustment 
-Optimum spray pH (5-5.5)

5. Wetter Sticker
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Sap vs Tissue 
Sap Testing:

• Leaf sap/juice

• Nutrients + pH, EC, sugars

• Real-time nutrient status

• More predictive

• More variable/snapshot

• Very good for N quality

Tissue Testing:

• Whole leaf

• Nutrients

• Cumulative nutrient status

• More widely accepted

• Comprehensive

• Target ranges more robust

Plants

Physics

Biology

Chemistry

Thank you, Questions?

Mailing List, Resources, More info:

www.integratedsoils.com
@integratedsoils


