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Mangroves
Sustainable Growth in 

SEA to FRESH-
WATER!

Eastern Thailand





Aquaculture and Mangroves can

Co-EXIST

Surabaya, Java, Indonesia 



Mangroves
growing in 
freshwater

Christmas island, Australia



Aquaculture and Mangroves
can Co-EXIST

Yogyakarta, Java, Indonesia 



Pulau Tekong, Singapore Green Engineering



Replanting Mangroves

Biodegradable Rings

Biodegradable 
Bags



Rice – Animals
Co-cultivation

Prof Xin Chen, Zhejiang University



Rice – Fish
Co-cultivation

Xie et al (2011) PNAS 



Are there natural Biostimulants in animal 
waste?



Earthworms 
(vermi-compost)

Natural Soil Fertility



Charles Darwin



Earthworms 
(vermi-compost)

Perionyx excavatus and Eisenia foetida

at 65:35 ratio



Large-scale 
Biostimulants’ 
usage & Soil Re-
constitution

Lampung, Sumatra, Indonesia PT Great Giant Pineapple

Past Successful Track Record



Types of Fertilizers

• Chemical (NPK)

• Traditional (manure)

• Organic/Green



Traditional, Organic/Green 
Fertilizers

• Composts, Vermi-compost (earthworms)

• Liquid/pellet microbial applications

• Humo-organic

Biostimulants
Plant biostimulants are diverse substances and
microorganisms used to enhance plant growth.



Biostimulants
Eight categories (Calvo et al. 2014)

– Microbial inoculants

– 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



Are there natural Biostimulants in animal 
waste?

Dr Markus Langeland

(SLU Uppsala)



● This is the first mass spectrometric and therefore
unequivocal evidence for the presence of CKs in VT:
namely trans-Zeatin (tZ), N6-Isopentenyladenine (iP)
and N6-Isopentenyladenosine (iPR), and were
determined to be present at 0.06, 3.33, & 0.02 pmol mL-1,
respectively.
● The successful detection and quantitation of CKs in VT

provided direct evidence to explain the growth efficacy of
applying VT to enhance plant growth and development.
● We postulated that iP is a good reflection of the microbial
origin for CKs present in the VT due to its importance in

CK biosynthesis pathways and high abundance provided

by microorganisms.

Vermicompost tea – a leachate

Zhang et al. 2014, Biol Fert Soils



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



Kinetin

?

?



Riboside cytokinins

Cytokinin types



Components 
of the 

DNA

Kinetin



How Phytohormones drive the 
Cell Cycle?



PNAS 2008

New Ideas, Original Thinking?



Ascophyllum

Kelp



Gunapaselam
(Fermented Fish waste)

Kunapajala
(Fermented animal waste, bones. etc)

Water Urea Gunapaselam



Coconut 
water

Yong et al. 2009, Molecules

Phytohormones

NTU Dr Ge Liya



Insights from Tissue Culture



Plant 
Tissue 
Culture

Auxins + 
Cytokinins

Auxins

Analogy – Reductionist approach?

Mineral Nutrients + 
Full complement of 
phytohormones



Mine Site Restoration =
Facilitated (Natural) Succession?



Goldfields,
WA, Australia

Ecological Restoration



Importance of Microbe-Plant interactions

Rasmussen, Dixon, et al (2015)

Cynorkis purpurea, a terrestrial 

orchid
Rafter et al (2016)



What do the 

Microbes “give” to the Plants?

Importance of Microbe-Plant interactions



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

© 2011 Pearson Education, Inc.



Table 39.1

AUXINS

CYTOKININS

GIBBERELLINS

BRASSINOSTEROIDS

ABSCISIC ACID
(ABA)

STRIGOLACTONES

ETHYLENE

Karrikins



Plant tissue cultures
and Phytohormones
– cytokinins in coconut water

Dendrobium orchids



Several Phytohormones are found in young coconut water

especially cytokinins, auxins and gibberellins. in coconut water

Coconut water



Mass 
Micropropagation





Upadhyaya et al (1991)
Plant Physiology

Bacterial 
cultures’
cytokinin
levels



Wong et al. (2015)

Springer

RIKEN Prof. H. Sakakibara

ANU Prof. Stuart Letham

Cytokinin types
in Plants and Bacteria



Liquid biofertilizers or “Biostimulants”

Current Trends

Ongoing

Steady-state

Past Successful Track Record



Is this becoming 
more common in 

the Agri-Horti
industries?

Fundamental Question: 
Why add “HORMONE” to a standard NPK and TE 

(trace elements) chemical fertilizer mixture?



Is Fish Waste a GOOD Fertilizer?

• Measure the essential nutrients (Marco & micro 

nutrients, trace elements)

• Determine the natural biostimulants in the 

fish waste sludge and aquaponics.



An experiment in India indicated a 4.9–
8.6% increase in rice yield under rice–fish

culture, and the increase was associated

with an increased number of panicles and

an increased number of filled grains per

panicle (Mohanty et al., 2004).

Rice yield

increased

4.9 to 8.6 % 
with fishes

Connections to a typical Cytokinin effect!

Ashikari et al (2005) Science 
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A better experimental system to measure  
natural Biostimulants in animal waste?

Aquaponics



Ashikari et al (2005) Science 

Higher cytokinin levels (within limits), 

more grains  



A-NPK

A refers to the Active ingredients or Active compounds present in any given

fertilizers/soils.

A is not just any phytohormones like cytokinins, but including the other

phytohormones like auxins, gibberellins, karrikins, etc., MicroProteins, protein

hydrolysates, and their stabilizing (“chelating”) associates like humic and fulvic

acids, etc.

Bridging the divide between

Conventional & Organic
mode of cultivation



Figure 2 Physical, chemical, and biological soil properties in soils of the DOK farming systems. Analyses were done within the plough horizon (0 to 20 cm) except for soil fauna. Results

are presented relative to CONFYM (= 100%) in four radial graphs. Absolute values for 100% are as follows. (A) Percolation stability, 43.3 ml min−1; aggregate stability, 55% stable

aggregates > 250 μm; bulk density, 1.23 g cm−3. (B) pH(H2O), 6.0; organic carbon, 15.8 g Corg kg−1; phosphorus, 21.4 mg P kg−1; potassium, 97.5 mg K kg−1; calcium, 1.7 g Ca kg−1; 

magnesium, 125 mg Mg kg−1. (C) Microbial biomass, 285 mg Cmic kg−1; dehydrogenase activity, 133 mg TPF kg−1 h−1; protease activity, 238 mg tyrosine kg−1 h−1; alkaline phosphatase, 

33 mg phenol kg−1 h−1; saccharase, 526 mg reduced sugar kg−1 h−1; mycorrhiza, 13.4% root length colonized by mycorrhizal fungi. (D) Earthworm biomass, 183 g m−2; earthworm

abundance, 247 individuals m−2; carabids, 55 individuals; staphylinids, 23 individuals; spiders, 33 individuals. Arthropods have not been determined in the CONMIN system because of

the field trial design. Significant effects were found for all parameters except for bulk density, Corg, and potassium (analysis of variance; P < 0.05). For methods, see table S3.

Mäder et al (2002) Science 

Organic plant production

Biostimulants

Biostimulants



New paradigm for Plant Nutrition

Signalling

“Biostimulants”

Wong et al. (2019) Wiley
Wong et al. (2015) Springer
Wong et al. (2016) Acta Horticulturae



Conceptual Model

Cell Cycle

Wong et al. (2019) Wiley
Wong et al. (2015) Springer
Wong et al. (2016) Acta Horticulturae



What is a GOOD Fertilizer?

• Essential nutrients (Marco & micro nutrients, trace elements)

• Improves soil structure & holds water 

• Promote plant cell division leading to cell 

proliferation (hormones, etc - biostimulants)



Increasing body of evidence to show that phytohormones
affect human health through the diet and microbes

Chanclud and Lacombe, Trends Pl Sci (2017)



“The true voyage of 

discovery lies not in 
finding new landscapes, 
but in having new eyes.”

- Marcel Proust



Thank You!
Hortikulturell produktionsfysiologi (HPF), 
Institutionen för biosystem och teknologi 

Horticultural Production Physiology,
Department of Biosystems and Technology
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give significant cost-savings!!!

Insightful research outcomes – better papers too

Thank You!







Advanced “analytical tools”

Auxin

iP

iPR

Triple-

Quad 

LCMS

ELISA & SPA

New tools like 

Soil Biological 

Functionality 

Assessment & 

Rhizosphere 

Competency

Note  SPA: Scintillation Proximity 

Assay

GCMS
UPLC

GCMS

LCMS/MS



Effects of chemical fertilizers or/and organic fertilizers on Tomato photosynthesis



Cell Cycle Control & Cytokinins



Using a Root-pressure chamber

to obtain “snap-shots” of xylem sap

for various analyses.

Yong et al (2000, 2010)

Importance of 
Roots-derived 

Phytohormones

ANU Graham Farquhar & Chin Wong



Chinese soft-shelled turtle (Pelodiscus sinensis)

TURTLE POO
for

rice
cultivation!


