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• Essential nutrients
(Macro - NPK & micro-nutrients as 
building blocks)

• Improves soil structure 
& holds water

What is a GOOD “Fertilizer”?



Who am I?

Circular Economy



I am a T-shaped Scientist



Pretty Orchids



Phalaenopsis
potted-flower production

Sympodial
Orchids

Control of Flowering



Monopodial 
tropical 
orchids



Agribusiness – Control of Flowering



Orchid
In-Vitro flowering

Sim et al (2007)

Basic Research



Using a Root-pressure chamber to obtain
“snap-shots” of xylem sap for various
analyses.

Yong et al (2000, 2010, 2014)

Importance of

Roots-derived

Phytohormones

ANU Graham Farquhar & Chin Wong

Basic Research



How to connect the different
disciplines?

How did I arrived at the 
understanding of 
Biostimulants?

Circular Economy



Orchid Industry & Conservation

Research



Healthy Soils

Mid-West Western 
Australia, Australia

2018

“Accidental” soil scientist!

Applied Research





Waste Rock trial planting

Top soil storage area

Iron Ore Mining

Mid-West Western 
Australia, Australia

TailingsOperations



Sand Mining

Ellenbrook, near 
Perth, Australia

Australia, 2017-2018



Goldfields,
WA, Australia

Ecological Restoration

Ricinocarpos brevis



Large-scale 
Biostimulants’ usage 
& Soil Re-constitution

Lampung, Sumatra, Indonesia

PT Great Giant Pineapple

Organic Transformation

Consultancy



Conceptual Connections

Circular Economy

Eichmann et al. 2021

https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.15135


Pozo et al. 2015 (New Phyto)

Complexity of

Plants’ 
responses

Abiotic vs Biotic 
factors



Traditional, Organic/Green 
Fertilizers

• Composts, Vermi-compost (earthworms), Frass
• Humic substances
• Liquid/pellet microbial inoculants

Biostimulants
Plant biostimulants are diverse substances and
microbes used to enhance growth, independent

of the mineral nutritional effects.



Dr Theodora Nikolakopoulou, EU Commission
FPR: Fertilizer Product Registration



Biostimulants – where to find it?
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Huge Diversity of ”Compounds”

https://www.agricen.com/agricultural-biostimulantsBiostimulants

https://www.agricen.com/agricultural-biostimulants


Van Ittersum & Rabbinge (1997)  Field Crops Research

Biostimulants – why use it?

Prof. Van Ittersum – Biostimulant World Congress (2019) address



Biostimulants
function like 

“Catalyst”

Conceptually,
Circular Economy



Defining the

Organics
?

Circular Economy



Biostimulants
Eight categories (Calvo et al. 2014)

– Microbial inoculants (bacteria, cyanobacteria, fungi)
– Humic acids (including Fulvic acids)
– Protein hydrolysates & amino acids (including MicroProteins)
– Seaweed extracts
– Complex organic materials (including Phytohormones)
– Beneficial chemical elements & Inorganic salts (including phosphite)
– Chitin and chitosan derivatives
– Anti-transpirants

Plant & Soil (2014) Marschner Review



Phytohormones – old timers and newcomers

Auxin

Cytokinins

Gibberellins

Abscisic Acid

Ethylene

Brassinosteroids Salicylates JasmonatesStrigolactones

Karrikins

K. Dixon



PNAS 2008
New Ideas, Original Thinking?

SLU Plant Protein Factory

Growing



Phytohormones help coordinate growth, 
development, & responses to stimuli

• Phytohormones are chemical signals that modify or control 
one or more specific physiological processes within a plant

• Phytohormones are produced in very low concentration, 
but a minute amount can greatly affect growth and 
development of a plant organ

• In general, Phytohormones control plant growth and 
development by affecting the division, elongation, and 
differentiation of cells

• They have multiple, overlapping, & interacting functions
N-P-K is in mg Phytohormones is in mg to ng



Movement of

Plants’ 
Signalling 

Substances
Biostimulants



Pozo et al. 2015 (New Phyto)

Complexity of

Plants’ 
responses

Gibberellins



• Gibberellins have a 
variety of effects, such 
as stem elongation, fruit 
growth, and seed 
germination.

Gibberellins (GA)

http://www.google.com.sg/url?sa=i&rct=j&q=gibberelin+rice&source=images&cd=&docid=bN1GxeckKO7k0M&tbnid=Uk6HnFZFmOsafM:&ved=0CAUQjRw&url=http://www.school.net.th/library/create-web/10000/science/10000-6600.html&ei=dqolUYGCLauRiQeRqoCoBQ&psig=AFQjCNEujAa-mjyhsP-2ZZRk_ktDJ7eioA&ust=1361509362393663


Nitrogen-responsive chromatin modulation enhances rice 
tillering.

Kun Wu et al. Science 2020;367:eaaz2046

Copyright © 2020 The Authors, some rights reserved; exclusive licensee American Association 
for the Advancement of Science. No claim to original U.S. Government Works



Cell Cycle Control & Cytokinins

Cytokinins form a major group of Biostimulants

D. Stuart Letham

Cytokinins
细胞分裂素



Components 
of the 
DNA

Kinetin



Several Phytohormones are found in young coconut water
especially cytokinins, auxins and gibberellins. in coconut water

Coconut water



Earthworms 
(vermi-compost)

Perionyx excavatus and Eisenia foetida

at 65:35 ratio

Natural Soil Fertility



Earthworms’ “effects”
A meta-analysis on the effects of earthworm presence on plant biomass 

Positive impacts
van Groenigen et al. 2016Mechanism(s)?

https://www.nature.com/articles/srep06365


Vermicomposts

Auxin

Zhang et al. 2015, Talanta
UAE - Ultra-Sound Assisted Extraction

iP

iPR



Vermicompost tea – Other Research Groups

+ Gibberellins
+ Brassinosteroids

In addition 
to Auxins

and
Cytokinins



Is Fish Waste a GOOD Fertilizer?



Research
Partnership

BA



Is Compost Tea a GOOD Fertilizer?



Growing Together Gives More Rice & Food

Circular EconomyLiu, Caspersen, Yong
(2022) 
eLife

2022



Insect (Black Solider Fly Larvae, BSFL) frass

Nils Andersen

Ivã Guidini Lopes, Cecilia LalanderInsectta - SG

Lopes, Yong, Lalander 
(2022) 

Waste Management 

https://www.insectta.com/


Circular Economy

Insect (Black Solider Fly Larvae, BSFL) frass
ORGANIC WASTE

Mineral nutrients - NPK
Bioactive compounds

Auxins
Cytokinins Gibberelins

PHYTOHORMONES
HUMIC SUBSTANCES

Humic and Fulvic Acids

PROTEINS AND PEPTIDES

Small proteins
Amino Acids

Peptides

Nutrients uptake

Beneficial
microorganisms

Enhanced growth

Enhancing gas exchange

Enhancing root 
development

Resistance to 
abiotic stress

Biostimulants

Ivã Guidini Lopes, Cecilia Lalander

Insectta - SG

Lopes, Yong, Lalander 
(2022) 

Waste Management 

MICRO-ORGANISMS

https://www.insectta.com/


The Real World
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Emerging market for 
Biostimulants

Organic Amendments



Quality Control & Natural Product
CONSISTENCY



SEOUL INTERNATIONAL 
INVENTION FAIR – SIIF 2021, 

1-4 DEC 2021

Multi-functional
Biofertilizer

2nd Prize



Summary

Circular Economy

Eichmann et al. 2021

https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.15135


Good to know
Coconuts = Earthworms = Birch sap

Kokosnötter = Daggmaskar = Björksav



Soils
Organic 

Amendments

How to increase 
Phytohormones in Soils?

Circular Economy

Soils
Microbes

At the Lab
Mechanisms

Kiba et al. 2019

At the Field
Applications

https://www.nature.com/articles/s41598-019-44185-4


Biostimulant(s) signals influencing plant growth

Wong et al. (2020) Wiley 

(Microbe) Root-to-Shoot signalling
“Biostimulants”



New paradigm for Plant Nutrition

Signalling

“Biostimulants”

Wong et al. (2020) Wiley
Wong et al. (2015) Springer
Wong et al. (2016) Acta Horticulturae



• Contains suitable mineral nutrients (NPK) 
(Macro - NPK & micro-nutrients as the 

building blocks)

• Contains natural growth 
promoting substances 
(Biostimulants)

• Improving soil structure 
& holds water

• Reduced incidence of
plant diseases

What is a GOOD BioFertilizer?
What is a HEALTHY Soil?



“The true voyage of 
discovery lies not in 
finding new landscapes, 
but in having new eyes.”

- Marcel Proust



Thank You!

For more information,

jean.yong@slu.se

HP: +46 70 249 23 21


