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Agriculture environmental pressure (percentage of impact)
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Conventional N-, P- Fertilizers
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Conventional Agriculture Nano-enabled Agriculture
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Nanofertilizers_Expectations -

Nutrient loading capacity
Nutrient release rate
Nutrient use efficiency

Crop quality and productivity

Economic feasibility
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Environmental compatibility




Nanofertilizers_Soil application

Engineered Nanomaterials (ENMs) properties
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Nanofertilizers Foliar application
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Types of Nanofertilizers

Macronutrient Micronutrient Nanomaterial

Plant growth

nanofertilizer nanofertilizer enhanced fertilizer stimulator
. Cu, Fe, Mn
Metallic Mo, Zn
: Nutrient loaded zeolites :
Ceramic Ca, Mg, Ca-P Mesoporous nSiO, nCeO,, nTiO,
SWCNTs, MWCNTs,
Polymeric N, K Nano-chitosan fertilizer Graphene, Fullerenes,

C containing NPK

modified from: Marchiol et al. 2020. Advances in Agronomy 161, 27-116
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Macronutrient Nanofertilizer

Urea-Hydroxyapatite Nanohybrids for Slow Release of Nitrogen
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Kottegoda et al. 2017. ACS Nano, 11, 1214-1221.
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Micronutrient Nanofertilizer

Effects of nZnO
on tomato growth
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Raliya et al. 2015. Metallomics 7, 1584-1594
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Nanomaterial enhanced fertilizers

Mesoporous silica nanoparticles - MSNs
enhance seedling growth and photosynthesis
In wheat and lupin

® MSNs uptake/accumulation in different plant fractions

® MSNSs stimulated photosynthesis and plant growth
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Sun et al. 2018. Chemosphere 152, 81-91



Plant Growth Stimulator
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Nanofertilizers Research needs Other key drivers

— Germination %
— Seed vigor

— Germination Time

Social acceptance?

— Phenology/Morphology @
— Growth cycle i .

— Stomatal behavior = Environmental
— Photosynthesis footprint?

— Nutrient uptake

— Sugar transport

Scalability?

— Secondary metabolism

— ROS pathway

— Influence on defence mechanisms

— Ultrastructural analysis

— Growth parameters
— Yield components Economic V|ab|I|ty'?

— Yield quality

— ENMs management
(application mode,
— residues, leaching)

Kah et al. 2018. Nat Nanotechnol. 13, 8, 677—684



Take-home messages

® Nanofertilizers have a very interesting potentially but very limited published performance
data at the field scale, so far. More field studies needed.

® Most of current studies report on the properties of laboratory nanoformulations and not
necessarily commercial products;

® Needed implementation of Safe-by-Design for nanomaterial development and safe
innovation. Environmental implications!

® EFSA Journal 2018, 16, 5327: Guidance on risk assessment of the application of
nanoscience and nanotechnologies in the food and feed chain: Part 1, human and animal
health. Expected part 2, Agriculture?
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