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What is a GOOD “Fertilizer”?

 Essential nutrients

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

* Improves soll structure
& holds water
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Circular Economy

Who am I?
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Cross-Discipline Expertise

Deep Discipline
Expertise

T-Shaped Skills

| am a T-shaped Scientist



Pretty Orchids



Phalaenopsis
potted-flower production

Sympodlis Control of Flowering



Monopodial
tropical
orchids



Agriolusiness — Corrtrol of Flowerling



Orchid

In-Vitro flowering

Basic Research



ANU Graham Farquhar & Chin Wong

Importance of
Roots-derived
Phytohormones

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

Yong et al (2000, 2010, 2014)

Basic Research



Circular Economy

How to connect the different
disciplines?

How did | arrived at the
understanding of
Biostimulants?
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Orchid Industry & Conservation

ﬁ\ =
) « Slow rate of growth

}  + Proper control of flowering
+ Diverting more carbon for
flower development

+Slow rate of growth
+ High mortality during

transplanting /—>

Research



Healthy Soils

“Accidental” soil scientist!

2018






Operations

Iron Ore Mining

Teillngs



Australia, 2017-2018



Ecological Restoration

WA, Australia
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Organic Transformation
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Circular Economy

Conceptual Connections
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Eichmann et al. 2021



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

Complexity o
Plants’

responses

Abiotic vs Biotic
factors

Pozo et al. 2015 (New Phyto)



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.
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Dr Theodora Nikolakopoulou, EU Commission
FPR: Fertilizer Product Registration



Circular Economy

Biostimulants - where to find it?
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Huge Diversity of "Compounds”

| | | |
I o st I m u a n ts https://www.agricen.com/agricultural-biostimulants



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

Biostimulants - why use it?

Van lttersum & Rabbinge (1997) Field Crops Research

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



Conceptually,

Circular Economy

Biostimulants

function iike

“Catalyst”

S

S L u Sveriges lantbruksuniversitet
Swedish University of Agricultural Sciences




Defining «.

Organics
?
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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)
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PhytOhormOneS — old timers and newcomers
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B ¢ New ldeas, Original Thinking? :.
Growing

Plants can use protein as a nitrogen source without
assistance from other organisms

Chanyarat Paungfoo-Lonhienne®, Thierry G. A. Lonhienne?, Doris Rentsch?, Nicole Robinson*, Michael Christie?,
Richard 1. Webb3, Harshi K. Gamage*, Bernard J. Carroll*, Peer M. Schenk*, and Susanne Schmidt*T

*5chool of Integrative Biology, TARC Cantre of Excellence for Integrative Legum e Rassarch, School of Molecular and Microbial Sciences, and School of Land
Crop and Food Sdences, and 5Caentre for Microscopy and Microanalysis, University of Queansland, Queansiand 4072, Australizs and Hnstitute of Flant

Sciencas, University of Bern, 20132 Bern, Switzerland

Editad by Peter Vitousak, stanford University, Stanford, €4, and approved January 25, 2008 (receivad for review December 21, 2007)

Nitrogen is quantitatively the most important nutrient that plants
acquire from the soil. It is well established that plant roots take up
nitrogen compounds of low molecular mass, including ammonium,
nitrate, and amino acids. However, in the soil of natural ecosys-
tems, nitrogen occurs predominantly as proteins. This complex
organic form of nitrogen is considered to be not directly available
to plants. We examined the long-held view that plants depend on
specialized symbioses with fungi {(mycorrhizas) to access soil pro-
tein and studied the woody heathland plant Hakea actites and the
herbaceous model plant Arabidopsis thaliana, which do not form
mycorrhizas. We show that both species can use protein as a
nitrogen source for growth without assistance from other organ-
isms. We identified two mechanisms by which roots access protein.
Roots exude proteolytic enzymes that digest protein at the root
surface and possibly in the apoplast of the root cortex. Intact
protein also was taken up into root cells most likely via endocy-
tosis. These findings change our view of the spectrum of nitrogen
sources that plants can access and challenge the current paradigm
that plants rely on microbes and soil fauna for the breakdown of
organic matter.
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oreal forests and heathlands,
woody plants rely on ecto- or ericold mycorthizal funeal sym-

{13), (i7) most other heathland plants have mycorrhizal symbi-
oses and/for form symbioses with N;-fixing microbes (13), and
{117) Hakea forms cluster roots that have a role in the acquisition
of organic nitrogen (14). We further hypothesized that .4rabi-
dopsis thaliana is unable to use protein as a nitrogen source
because it does not form cluster roots and grows in ruderal
habitats that typically contain inorganic nitrogen. With the aid
of fluorescent proteins, we show that both plant species, in the
absence of microbes, can use protein as a nitrogen source.

Results

Axenically Cultivated H. aclites and A. thaliana Use BExternally Sup-
plied Protein as a Nitrogen Scurce for Growth. Grown with protein
as the sole nitrogen source, Hakea seedlings produced signifi-
cantly more root biomass and had a greater nitrogen content in
roots than plants erown without nitroeen (Fie. 1.4 and 5. Shoot
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—
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, &

J. N N-P-Kisinmg Phytohormonesisin ug to ng
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Movement
Plants’
Signalling
Substances

Biostimulants




Complexity o
Plants’

responses

Gibberellins

Pozo et al. 2015 (New Phyto)



Gibberellins (GA)

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


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

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



Cell Cycle Control & Cytokinins

Cytokinin controls the cell cycle at mitosis by stimulating the tyrosine
dephosphorylation and activation of p34°*Z-like H1 histone kinase

Kerong Zhang', David S. Letham'-?, Peter C.L. John'-?

ical S A lian Nat

! Plant Cell Biology Group, Research School of Biol The | University, ACT 2601, Austrahia
¥ Cooperative Rescarch Centre for Plant Science, GPO Box 475, Canberra, ACT 2601, Australia

Received: 27 October 1995/Accepted: 8 January 1996

Abstract. In excised pith parenchyma from Nicotiana
tabacum L. cv. Wisconsin Havana 38, auxin (naphthalene-
l-acetic acid) together with cytokinin (&bcnzylamino-
purine) induced a greater than® 40-fold increase in a
p34°“jike protein, recoverable in the plS"'"-bmdmg
fracuon that had high H1 histone kinase activity, but
enzyme induced without cytokinin was inactive. In sus-
pension-cultured N. plumbaginifolia Viv., cytokinin (kin-
ctin) was stringently required only in late G2 phase of the
cell division cycle (cdc) and cells lacking kinetin arrested in
G2 phase with inactive p34°**.like HI histone kinase.
Control of the Cdc2 kinase by inhibitory tyrosine phos-
phorvlation was indicated bv hiech phosnhotvrosine
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Cytokinins

Introduction

Cell cycle control can be exercised by interaction of the
key cell division cycle (cdc) catalyst p34°*? (the 34-kDa
product of the cdc2 gene) with different cyclin subunits
that direct its protein kinase activity to specific substrates
(Peeper ct al. 1993), by cyclin dependent kinase inhibitor
(CKI) proteins (Pines 1995) and by enzymes that control
its enzyme activity through phosphorylation (Gould and
Nurse 1987; Millar et al. 1991), so providing a likely
universal mitotic control (Nurse 1990).

In plants we have noted changes in the level of
034°%“2.]ike protein that are consistent with an hvnothesis

D. Stuart Letham
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form a major group of Biostimulants
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Electrophoresis 2006, 27, 21712181

Liya Ge'

Jean Wan Hong Yong'
Swee Ngin Tan'

Eng Shi Ong?

Matural Sciences and Science
Education Academic Group,
Nanyang Technological University,
Singapore, Singapore

*Applied Science School,

Temasek Polytechnic,

Singapore, Singapore

217

Research Article

Determination of cytokinins in coconut
(Cocos nucifera L.) water using capillary zone
electrophoresis-tandem mass spectrometry
The applicability of CZE in combination with MS and MS/MS methods for the simulta-

neous separation and determination of 12 cytokinins was investigated for the first time.
Cytokinins were first completely separated by CZE within less than 20min using a

Electrophoresis 2008, 29, 0000-0000

Liya Ge'

Jean Wan Hong Yong'
Swee Ngin Tan'

Lin Hua

Eng Shi Ong®

'Natural Sciences and Science
Education Academic Group,
Nanyang Technological University,
Singapore, Republic of Singapore
*Genome Institute of Singapore,
Biopolis,

Singapore, Republic of Singapore
3Department of Community,
Qccupational, and

Family Medicine,

Yong Loo Ling School

of Medicine,

National University of Singapore,
Singapore, Republic of Singapore

Research Article

Analyses of gibberellins in coconut
(Cocos nucifera.) water by partial
filling-micellar electrokinetic
chromatography-mass spectrometry
with reversal of electroosmotic flow

In this paper, we present the results of simultaneous screening of eight gibberellins (GAs)
in coconut (Cocos wucifera L) water by MEKC directly coupled to ESI-MS detection. Dur-
ing the development of MEKC-MS, partial filling (PF) was used to prevent the micelles
from reaching the mass spectrometer as this is detrimental to the MS signal, and a cati-
onic surfactant, cetyltrimethylammonium hydroxide, was added to the electrolyte to
reverse the EOF. On the basis of the resolution of the neighbering peaks, different pa-

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

Coconut water



Natural Soil Fertility




Earthworms’ “effects”

A meta-analysis on the effects of earthworm presence on plant biomass

Positive impacts
J.

|
SLU | Swacion Untcarae of Aeicultural Sciences M ecC h danism (S) ? van Groenigen et al. 2016



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

Vermicomposts

IP

IPR

Auxin

AE - Ultra- d Assisted Extracti
Zhang et al. 2015, Talanta u Ultra-Sound Assisted Extraction



Vermicompost tea — other Research Groups

In addition
to Auxins
and
Cytokinins

+ Gibberellins
+ Brassinosteroids



s FiIsh Waste - GOOD Fertilizer?
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s Compost Teaa GOOD Fertilizer?
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crowing 1Ogether cives More Rice & Food

Liu, Caspersen, Yong

(2022) Circular Economy

eLife
2022




Insect (Biack solider Fly Larvae, BsFL) frass

Lopes, Yong, Lalander
(2022)

Waste Management

Insectta - SG lvé Guidini Lopes, Cecilia Lalander

Nils Andersen
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https://www.insectta.com/

Insect (Biack solider Fly Larvae, BsFL) frass

ORGANIC WASTE

S
*

Mineral nutrients - NPK ’..

Insectta - SG Bioactive compounds ‘ MICRO-ORGANISMS
Biostimulants

I°4 ‘ p
PHYTOHORMONES PROTEINS AND PEPTIDES
Cytokinins  Gibberelins HUMIC SUBSTANCES Amino Acids
Auxins Humic and Fulvic Acids  Peptides Small proteins

Enhancing gas exchange

1 Resistance to

abiotic stress Lopes, Yong, Lalander
(2022)

Enhanced growth Waste Management

Iva Guidini Lopes, Cecilia Lalander _ Beneficigl

microorganisms
T Nutrients uptake
Enhancing root

development Circular Economy


https://www.insectta.com/
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Circular Economy

The Real World




Emerging market for
Biostimulants

Organic Amendments



Quality Control & Natural Product
CONSISTENCY



Multi-functional
Biofertilizer

2nd Prize

SEOUL INTERNATIONAL
INVENTION FAIR — SIIF 2021,
1-4 DEC 2021



Circular Economy

Summary

iges lantbruksuniversitet
wedi niversity of Agricultural Sciences

cCs

Eichmann et al. 2021



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

Good to know

Coconuts = Earthworms = Birch sap

Kokosnotter = Daggmaskar = Bjorksav
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At the Field
Applications

How to increase
Phytohormones in Soils?

Soils
Microbes
Soils
Organic
Amendments
At the Lab

Mechanisms _
Circular Economy

Kiba et al. 2019



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

Biostimulant(s) signals influencing plant growth

“Biostimulants”

(Microbe) Root-to-Shoot signalling

S |
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Wong et al. (2020) Wiley



New paradigm for Plant Nutrition

Plant growth

F 3

Cell Proliferation

F 3

Building blocks for
cellular machinery,

DNA, cell walls, etc.

Active Cell Division
and Growth

“ Drives cell cycle

Phytohormones

Y

Microorganisms
e.g. bacteria, fungi

Signalling

Mineral nutrients
e.g. N, P, K, trace
elenlents

Fertilizers
(organic/chemical)

“Biostimulants”

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



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

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



- Marcel Proust




Thank You!
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