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Substrate Science

“Solving Problems and Creating Opportunities”



Horticultural Substrate Science Lab

Research & Service Teaching & Mentoring



HSL: Substrate Analysis

• Physical Properties

• Hydrological Properties

• Chemical Properties

• Biological Properties



HSL: Material Engineering

• Bark Products

• Wood Products

• Agricultural Feedstocks

• Biomass Feedstocks



Soil vs Soilless Substrates
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Growing Media Demand



Future Demand for Growing Media



Trend Setters and Market Drivers



“New Crops” Grown in Soilless Systems
➢Leafy Greens & Herbs



“New Crops” Grown in Soilless Systems

➢Veggies



“New Crops” Grown in Soilless Systems

• Veggies



“New Crops” Grown in Soilless Systems

➢Potatoes!!!!!!



“New Crops” Grown in Soilless Systems

➢Cannabis



“New Crops” Grown in Soilless Systems

➢Soft Fruit - Strawberries



“New Crops” Grown in Soilless Systems

➢Soft Fruit - Blueberries



“New Crops” Grown in Soilless Systems

• Soft Fruit - Raspberries



“New Crops” Grown in Soilless Systems

➢Soft Fruit - Figs



Controlled Environment & Vertical Farms

❖Investment-backed Farming Systems have 
seen unprecedented acceptance& growth

❖Engaged and educated the public on food 
production and security



Challenges Facing the Growing Media 

Industry



Challenges Facing the Growing Media Industry
➢ Due to on-going and future imposed, proposed, or perceived restrictions on 

peat extraction and use in horticulture, a global campaign to extend peat 

supplies and identify extenders and alternatives in underway.

➢Current Demand AND Supply Chain is fueling the debate and concern.



Peat Globally



Challenges Facing the Growing Media Industry
➢ Current regulatory threats on peat: Example in Chile….



Challenges Facing the Growing Media Industry
➢ Current governmental/economic situation in Sri Lanka (coconut coir)



Other New or Ongoing Challenges

➢Geopolitical crises – pending and yet unknown

➢ Increasingly volatile global weather patterns affecting peat extraction

➢Spread of misinformation and use of “cherry picked” data to drive 

corporate and political agendas (i.e. Sustainability Impact)

➢ Increasing global demand/reliance for MORE growing media!

➢War in Ukraine and closing of RUS and BLR.

➢Continued sea freight costs and Labor Shortages

➢Fuel prices (material processing and ground transport)

➢Discovery of ”Issues and Threats” of peat alternatives



Past, Present, and Future Initiatives to Address 

Problems and Evolve the Growing Media Industry



BioSubstrate 1.0 



Denmark



Wood Substrates



History of Wood Substrates
• Alain Courtabessis “invents” Hortifibre (circa 1979-1980)

• Original product was disc refined but switched to extruder

• Patented the process in 1981 (sold it; now expired)

• Since 1980………A LOT HAS HAPPENED!



Some Wood Products since 1980

◼ Hortifibre

◼ Toresa

◼ Culti-Fibre

◼ Pietal

◼ Torbo

◼ Torbella

◼ Bio-Culta

◼ Fibralur

◼ WoodPeat

◼ Fibrosana

◼ Ekofibre

◼ Lignofibre

◼ Ecofibrex

◼ Torpora

◼ Greenfibre

◼ Hydrafiber

◼ Forest Gold

◼ WoodGro

◼ Forest Fiber

◼ Forest Floor

◼ WoodTech

◼ West+

◼ LignoDrain

◼ Silvafibre

◼ TreeTechnology

◼ Pine Tree Substrate

◼ Clean Chip Residual

◼ EcoPeat

◼ Unalit

◼ Supa-Fyba

◼ WholeTree





Wood Species Tested

◼ Literature suggests 32 species tested

◼ Conifers proven to be best

◼ Hardwoods breakdown too quickly

◼ North America: Pinus taeda most used

◼ Europe: Pinus, Larix, Picea



Why Wood? Why Now?

• Renewed interest within last 6-8 years:

– Increasing governmental mandates of Peat Reduced/Free

– One viable solution to demand of growing media in future

– Occasional poor peat harvests (wet summers)

– Wood products create new mixes with unique behaviors

– Wood products often cheaper 

• Particularly compared to perlite



Global Forest Areas



Wood Substrate Manufacturing Methods



Making Wood: 1) Extrusion
• Extruder/Retruder (Single or Twin screw types)

• Chips may or may not be pre-washed/soaked

• Process utilizes friction to de-fiberize wood chips (120-160⁰C)

• Fiber length/thickness adjusted with screw design and chip 

size



Variations in Extruded Products



Making Wood: 2) Disc Refiners

• Twin disc refiners utilize high pressure and heat (~150⁰ C) to 

“precondition” wood chips before being de-fiberized.

• Fiber thickness adjusted with disc spacing and wood chip size 





Making Wood: 3) Hammer Mills
• Traditional machinery used for processing materials

• Variables influencing end-product type and consistency:

– Moisture, wood chip size, screen size, rpm’s, 

• No heat generated in this process**

• Cannot make true “fiber” but can make many sizes



Hammer Mill Products

• Vary based on many variables: feedstock size, wood species, 

machinery, mill size/type, run speed, screen size, moisture, etc.



Some Known Advantages (Pros) of Wood Substrates



Wood + Peat = “Mix Matrix”
• What does wood do to peat? Bark?

• Fiber and peat do not stay “separate” but instead interlock

• This matrix influences: drainage, roots, humidity, spillage, etc. 



Wood Fiber Substrate Sphagnum Peat Substrate



Enhanced Root Growth
• One of the most commonly reported observations of crops grown in 

wood substrates. Primarily due to physical environment.



Good Hydration/Hydrophilicty
• Most wood materials wet and rewet well.

• Can reduce rewetting/hydrophobicity issues in peat mixes



Cultural Practices: PGR Efficacy
• PGR trials show no efficacy changes or plant growth response 

differences with wood materials.

• However, with wood being different this may not be universal.
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No Increased Root Disease Pressure
• No increased root disease problems (reported) during cultivation

• Some evidence of potential disease suppressiveness



Storage
• Compact or Loose/Bulk Storage Options

– Can save space or require space at grower/supplier facility



Other Advantages
• Easily processed in many ways/particles

• Compressible (depends on type)

• Can be “Sterile” after heating/processing

• Low EC

• Good Stability



Some Known Challenges (Cons) of Wood Substrates



Nutrient Immobilization: Nitrogen
• Nitrogen is primary nutrient immobilized by microbes

• As wood percent increases, fertility must adjust

• In 100% wood, an additional 100ppm N required

• Often a problem for growers who “feed at lower N levels”



Nitrogen Impregnation
• Method to neutralize Nitrogen tie-up 

• Proven successful in Europe

• Mitigated Fertility Modifications

• Cautions:

– Bulk Storage 

– Bagged Products





Nutrient Immobilization: Sulfur
• Sulfur is immobilized by microbes and can become limited in 

substrates containing high wood percentages.

• Any sulfur form will work; 0.68kg/m3 (1.5lbs/yd3) CaSO4



Substrate Surface Drying
• Wood can dry faster than peat (surface)

• Overwatering often a problem
24 hours after irrigation



Substrate pH Management
• Wood has inherently higher pH than peat and bark

• pH can vary based on species, time of year harvested, etc.

• Wood is very weakly buffered (pH can shift quickly)

• Liming should be adjusted based on % amendment



Green Wood Toxicity
• Natural chemicals in wood can be phytotoxic to young plants

• Oils, Tannins, Phenolic’s, VOC’s, etc.

• More of an issue with greenhouse crops than nursery crops.

• Degree and severity of toxicity in wood materials depends 

much on how wood was processed (machine process).



Mitigating Wood Toxicity
• Various “Preconditioning” treatments to hammer-milled wood 

being investigated to reduce or eliminate toxins.

– Aging, steaming, drying, charcoal binders, etc.



Blending, Mixing, and Volume Yields
• Based on fiber type, some require special blending equipment

• Others can be mixed with traditional methods/systems

• 1 + 1 = does not always equal 2!

– Materials of different densities & moistures will have different yields



Summary of Potentials/Advantages
• Wood is a blank canvas…..

• Abundant, Local/Regional (depends on location

• Physically stable

• Excellent rooting

• Excellent storage properties (when dry)

• Good wettability, drainage, water relations

• Offered in various forms to fit specific needs

• Can be economical 

• Production not reliant on weather



Summary of Concerns/Issues
• Competition for wood resources in future

• Science can’t keep up with demand

• Some use of bad wood sources

• Green wood toxicity

• Nutrient tie-up and fertility

• Changes to pH Management

• Changes to irrigation management

• Many unknowns remain



R&D of Other Organic Biomass 

(Feedstocks)



Some Other Organic Feedstocks
➢Biochar(s)

➢Miscanthus and Bamboo

➢Cotton and Corn Stalks

➢Dairy Manure/Fiber

➢Palm Oil Fiber

➢Hemp Biomass

➢Reed Grass

➢Fique

➢Jute (Burlap)

➢Anaerobic Digestates



Responsible Assessment of Non-peat 

Materials



Raw Material Assessment
❖Multi-value comparison for (raw) materials and innovations in the growing media 

sector. M.Sc. Thesis by Martijn van Vliet at Delft University of Technology, 2020.



Raw Material Assessment



Summary Points



Focus on the Future

❖Partnership and Collaboration is Imperative:

❖Public (Academic and Government Scientists)

❖Growing Media Manufacturers

❖CSPMA, GME, IPS, etc.

❖Local/Regional Commodity Groups

❖Regional/National/Global Associations

❖The Growing Media Industry (regionally and globally) HAVE to 
stand together against common threats AND communicate 
our value better!



A Few Takeaways….
❖Our industry is on the FOREFRONT of global change

❖“Substrate Security” is Food/Health/National Security!!!!!!!!!!!!!!

❖Every industry has to renew and reinvent itself over time

❖Global trends based on perceptions, social media, political platforms, 
etc. ARE helping to steer the future of our industry
❖Ecological awareness of consumers is increasing and we now face the challenge 

of responding to this demand

❖We must remain both PROACTIVE and REACTIVE



THANK YOU!

substrates in our pots.”


