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Marine Fish
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Aquaculture and Mangroves
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Cyprinus carpio

Xie et al (2011) PNAS



Are there natural Biostimulants in animal
waste?

Cyprinus carpio || A Rice-carp system (Zhejiang)
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Darwin on Earthwi
Formation of Ve )

Mould Through the Action
of Worms With
Observations on Their
Habits by Charles Darwin
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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 & Inorganlc salts (including
phosphite) e

— Chitin and chitosan derivatives
— Anti-transpirants
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Are there natural Biostimulants in animal
waste?

A Rice-carp system (Zhejiang)

Cyprinus carpio

>

Eriocheir sinensis
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Pelodiscus

sinensis I L

Procambarus
clarkii
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Misgurnus
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Vermicompost tea — a leachate

e This is the first mass spectrometric and therefore
unequivocal evidence for the presence of CKs in VT:
namely trans-Zeatin (tZ), N®-lsopentenyladenine (iP)
and NS%lsopentenyladenosine (iPR), and were
determined to be present at 0.06, 3.33, & 0.02 pmol mL",
respectively.

e 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.

e 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 prowded
by microorganisms.

ﬂ ([ Zhang et al. 2014, Biol Fert Soils




1.UAE

LC-MS I::)
analysis

Zhang et al. 2015, Talanta

Vermicomposts
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Vermicompost tea — other Research Groups
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Evidence of phytohormones ad phenolic acids variability
i garden-waste-derived vermicompost leachale,
a well-known plant growth stimulant
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In addition
to Auxins
and
Cytokinins

+ Gibberellins
+ Brassinosteroids
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Kinetin

Regular Article

|dentification of 6-Furfuryladenine {Kinetin) in Human H CH / |
; "H-H_H - :
Urine [ 0
Jan Barclszewskl ™ T, Michal Mielearsk @ Maecle] Stobleckl ®, Gunhild Saaska b Bran FO Clark b
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Abstract H

In contrast to the current view of kinatin (K, Af-furfuryladenine) as an unnatural
and synthelic cylakinin, recently it has been identilied In plant DNA and plant
extract. Here we describe identification of K in human urine uszing
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Cytokinin types
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How Phytohormones drive the
Cell Cycle?

(A)

Developmental
Hormones programs

b
BT — IR

o

Ligh Nutrients
Plant growth
(B) (©) |
i Cell Proliferation | Building backs for
cellular machinery,
DMA, call walls, etc. Mineral nutrients
eq. M, P K, trace
Active Cell Division slements
and Grawth _
Drrives cell cycle Fertilizers
[organic'chemical )
Phytohormones
Microorganisms |
&.0. bacteria, fungi 4 Biofertilizers
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Plants can use protein as a nitrogen source without
assistance from other organisms

Chanyarat Paungfoo-Lonhienne®, Thieny G. A. Lonhienne', Dovis Rentsch®, Nicole Robinson®, Michaal Christie!,
Richard I. Webb?®, Harshl K. Gamage*, Bernard 1. Carrollt, Peer M. Schenk, and Susanne Schimidt ="

=hcncl ot It eatig Dledaoy, TARC Cantra &7 Frdallenss far otaarative Lagum e Beieares, Sohoal o Medsoilar and Wiceakial Scances, 2nd Sohosd of Land
Croap and Food Sclencss, ans Boentts for RTosaopy and W orasnalyes, Univerdty of Queensland, Soeens and 4072, australia ans Hnstiute of Plant
Soanoas, Univarsaty of Barn, 32712 Sam, Soatzzla@m

Sliter by Pever Witouszk, starcord Lnwerdty, Staonford, CA and aporowad Januany 25, 2008 (recerved for revisw Cecember 21, 2007)

Mitrogen is guartitatively the most important nutrient that plants
acquire from the soil. lis wall established that plant roots take up
nitrogen compounds of low malecular mass, including ammonium,
nitrate, and amino acids. Howewear, in the soil of natural ecosys-
tems, nitrogen ooours predominamtly as proteins. This complex
arganic form of nitrogen is considered to be not directly avallable
to plants. YWe examined the long-held view that plamts depend on
spedialized symbios es with fungi (mycorrhizas b to access soil pro-
teln and studied the woody heathland plant Hakes aciifas and the
heraceous maodel plamt Arabidops(s thalfang, which do not form
mycorrhizas. Yile show that both species can use protein as a
mitrogen source for growth without assistance from other argan-
Iams, Ve ldentifled tweo medhanisms by wehlch roots access protein,
Foots exude proteclytic enzymes that digest proteln at the root
surface and possibly in the apoplast of the root cortesd. Intact
protein also was taken up intoe root calls most likely via endocy-
1osis. Thess findings change ourview of tha spectrum of nitrogan
sources that plants can access and challenge the currant paradigm
that plamts rely on microbes and soil fauna for the breakdovwn of
organic |

-« New ldeas, Original Thinking?

sl prods

oil organic matter contaims nitreeen predommantly as
ein, which i consideresd o nitrogen source exclusnely
microbes and anrnalz (1, 2 Despile the importance of pro
in souls, little research has been carresd oot to elucidate the

T o e o R vy | I S

(133, {rr) most other heathland plants have mycerthizal symbi-
cses andjor torm symbioses with Nz-fixing microbes (135, and
{ree ) Hizkeza Borms cluster reots that have a role in the acquisition
of oreanic nitrooen 143 We further hypothesized that Areii-
Fopris tetlown B unable to nse protein as 8 nibrogen sonree
Decause il doss nol orm closter rools aned grows mroderal
Babitals that Cyprically contain ionoreanie nitrogen. With the aid
of Fluorescent proteing, we show that both plant species, in the
abzence of microbes, can vse profein 48 4 NILACZED 30U ML,

Results

Axenkcally Culthvated H. actites and 4. thailana Use Bxternally Sup-
plied Protein as a Hitrogen Source Tor Growth. Crown with protei
as the =ole nitropen smice, Sotes seedlings produced sieniti-
cantly mere rect biomazs and had a greater nitroeen content in
moots than plants grosm withont nitmaen (Fig. 14 and 5. Shoot
biomass and shoot nitrapen content, as well as rotal plant
Diomazs ard nilrogen content. were sinilar o fafes orown
wilhierul Tl eceen 0T wilky protein, aril best shoot aned mool grow

T clrabd
»f arowth
reaterdry
! Aftree
iFig. | & and 7y Ambudopss grown with a low amonnt of
inoTEan ic mitns 3 )
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Gunapaselam

‘ \ , (Fermented Fish waste)

Kunapajala

(Fermented animal waste, bones. etc)

Water Urea Gunapaselam




Yong et al. 2009, Molecules

NTU Dr Ge Liya

Coconut
water




Insights from Tissue Culture



Analogy — Reductionist approach?

e

Plant Mineral Nutrients + "
. Full complement of 4
Tissue phytohormones '

IBA, 0.5 g mi-’ IBA, 0.5 uig mi-' AUXINS +
Zeatin, 2.0 pg mI”' Cytokinins
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Importance of Microbe-Plant interactions

| Mutual seedling

2 I competition J [ Seed antagonists ] [ Mycobiont antagonists |

N

V

I/

/1

A

with seed dormancy

Organisms interfering Organisms affecting
microenvironment

Rafter et al (2016)

Cynorkis purpurea, a terrestrial

orchid
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Importance of Microbe-Plant interactions

| can double the \
ability of your plants
to uptake nutrients
(& fertilizer), helping
them grow bigger
and stronger! P,

What do the
Microbes “give” to the Plants?



.
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

Table 39.1 Overview of Plant Hormones

Hormone

Where Produced or Found in Plant

AUXINS

Shoot apical meristems and young leaves are the
primary sites of auxin synthesis. Root apical meristems
alse produce auxin, although the root depends on the
shoot for much of its auxin, Developing seeds and
fruits contain high levels of auxin, but it is unclear
whether it is newly synthesized or transported from
maternal tissues.

Major Functions

Stimulates stem elongation (low concentration only);
promotes the formation of lateral and adventitious
roots; reqgulates development of fruit; enhances apical
dominance; functions in phototropism and gravi-
tropism; promotes vascular differentiation; retards
leaf abscission,

CYTOKININS

GIBBERELLINS

These are synthesized primarily in roots and trans-
ported to other organs, although there are many
minor sites of production as well.

Meristems of apical buds and roots, young leaves, and
developing seeds are the primary sites of production.

Regulate cell division in shoots and roots; modify api-
cal dominance and promote lateral bud growth; pro-
mote movement of nutrients into sink tissues;
stimulate seed germination; delay leal senescence,

Stimulate stern elongation, pollen development,
pollen tube growth, fruit growth, and seed develop-
ment and germination; regulate sex determination
and the transition from juvenile to adult phases.

BRASSINOSTEROIDS

ABSCISIC ACID
(ABA)

STRIGOLACTONES

ETHYLENE

Karrikins

These compounds are present in all plant tissues,
although different intermediates predominate in
different organs. Internally produced brassinosteroids
act near the site of synthesis,

Promote cell expansion and cell division in shoots;
promote root growth at low concentrations; inhibit
root growth at high concentrations; promote xylem
differentiation and inhibit phiocem differentiation;
promote seed germination and pollen tube
elongation.

Almost all plant cells have the ability to synthesize
abscisic acid, and Its presence has been detected in
every major organ and living tissue; may be trans-
ported in the phloem or xylem.

Inhibits growth; promotes stomatal closure during
drought stress; promotes seed dormancy and in-
hibits early germination; promotes leaf senescence;
promotes desiccation tolerance.

These carotenoid-derived hormones and extracellular
signals are produced in roots in response Lo low
phosphate conditions or high auxin flow from

the shoet,

This gaseous hormone can be produced by most parts
of the plant. It is produced in high concentrations
during senescence, leaf abscission, and the ripening of
some types of fruits. Synthesis is also stimulated by
wounding and stress.

Promote seed germination, control of apical domi-
nance, and the attraction of mycorrhizal fungi to
the root.

Promotes ripening of many types of fruit, leaf abscis-
sion, and the triple response in seedlings (inhibition
of stem elongation, promotion of lateral expansion,
and horizontal growth); enhances the rate of senes-
cence; promotes root and root hair formation; pro-
motes flowering in the pineapple family.




Plant tissue cultures
and__Phytohormones

in coconut water
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Determination of cytokinins in coconut
(Cocos nucifera L.) water using capillary zone
electrophoresis-tandem mass spectrometry
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Analyses of gibberellins in coconut
(Cocos mrcifers L) water by partial
filling-micellar alectrokinetic
ehramata gra PI'I'!,I'-I'I’II’ISE spectrometry
with reversal of electroosmotic flow
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Several Phytohormones are found in young coconut water
especially cytokinins, auxins and gibberellins.
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Coconut water
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Table IV. Concentration of Cytokinins fn the Culture Supernatants

Bacterial

of the Strains IC3342 and ANU240
’ The values in parentheses were determined by GC-MS; the other
values were obtained by RIA.
cultures e
- . Cytokinins Supernatants of
cytokinin T
ng
I I z 83 (105) 2,188 (2.410)
eve s gé 5; 133 Upadhyaya et al (1991)
DZR 8 9 Plant Physiology
cls-Z 166 176

RN

cis-ZR 37 2
iP 5,191 (7,128) 41,420 (44,356)
iPA 123 329
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- Current Trend:

\\

Liquid biofertilizers or “Biostimulants”

Past Successful Track Record



Fundamental Question:
Why add “HORMONE?” to a standard NPK and TE
(trace elements) chemical fertilizer mixture?

Is this becoming
more common in
the Agri-Horti
industries?




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.




T T Aailahie SnRRe J1 Wi DEETECL O
z :i:' lllhﬁl@ nnnnnnn Aouacuture
ELSEYIER Aqeelare I {IEME 125 135
| CFT

Performance evaluation of rice—fish integration
system n rainfed medium land ecosystem

Fajeeb K. Mohanty ™, HN. Verma, P.5. Brahmanand

Rice yield
increased
An experiment in India indicated a 4.9- 49 1to 8.6 %

8.6% increase in rice yield under rice—fish _ )

culture, and the increase was associated W|th flSheS
with an increased number of panicles and

an increased number of filled grains per

panicle (Mohanty et al., 2004).

Ashikari et al (2005) Science

Connections to a typical Cytokinin effect!
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Table 1
Ylelds nf rice and fsh in the rthres experdmens.
Frperdmenrs: and TreArmenTs Rive wield (rha-" Fish yield (ke ha—)
Graim Srraw (rnss Fler
Fxperimeant 1
End G149 £ 17 442 + 0,124
T 41440 4+ 3753 30248 L 3753
KF .29 + (L5a 443 = 018a AfdAL 4+ 7090 17245 = 090
Experiment 2
i 487 + ilHa A4l + 1243
FriGi 137475 4 GLG5h 115306 & B0G5h
RF30 497 £ (38a 35 £ 032 RAS TS 4+ 54350 BX991 = 54380
KFiL oAl & dda A9 & hda 11450 ok TS L B A DG = TR 450G
RFai 532 + (b 175 £ 02%5a 157825 + 245850 FAI0TY — 243850
RF120 4598 + 34 350 £ 023a 215500 & 199542 I535.62 = 199,544
Experiment 2
K255 L67 + (kg A84 + 00a G462 + T50Kh TR 270
R4 5,36 L MI2a 348 1 024 X0 1 34.54ab 31636 4 372 2ab
LR PEE a7 £ g 3121 £ 0003 12400 + F558 GHOGLE £ P50y

Values are means + 5E Numbers wirh ditferent letters ars statisnically different based on LA (P = 0005 0 In experiment 12 RM [rice momeculture ). RF (rice-fish co- culiure),
and FM {fish mepoculture ). In experiment 2 B {rice monocultere §; FMB0 (fsh monoculoure, 60 fish ploc 1, RF30, REGO, BFO0, and RFI20 rice-fAsh eo-culture with, 30,60,
Gi1, and 120 fish plot=!, respectively). In sxperment T BE25E(RE wirh 75% ferrilizer 3 and 257 faed - Wi RR44% {RF with 56% farnilizer-N and A44% fead- NJ; RFSTE (RF wirh
75 Mertkbzer-N aml B35 feed -N],




Aquaponics

Fish tank
- [ Ao il JIX]J|
NOB —SEics 7% K™Y
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Microbial community Effect of pH on microbial community

Nitrogen 7{; 7 ‘ Ammonia Nitrogen
W § recovery + !l il s &nitrite + ‘ gas
to plants LTI | oxidations (loss)

A better experimental system to measure
natural Biostimulants in animal waste?

Published in: Sumeth Wongkiew; Mee-Rye Park; Kartik Chandran; Samir Kumar Khanal; Environ. Sci. Technol. 52, 12728-12739.

DOI: 10.1021/acs.est.8b04177
Copyright © 2018 American Chemical Society




Effect on seed yield of modifying cytokinin ouma of xperimantsl Botany. Vol, 7. Ho. 5 oo, SE3-B06

content in leaf, shoot apical meristem and seed oboi; M 1 DO eervdB Ackeancs Access pubioation 1 Novemier
Enhanced cytokinin
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Reduced CKX  Constitutive promoters:  Stress- or Cytokinin: a key driver of seed vield
activity Reduction in CKX develupm_entaliy-
ncrease in IFT pr::nndt:t.:::TPT Paula Elizabeth Jameson'* and Jisnoheng Song'? .
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that increases grain productivity in rice, Gn7a, is a gene for cytokinin oxidase/ tZ tZR tZRMP iP iPR IPRMP

dehydrogenase (OsCKX2), an enzyme that degrades the phytohormone cyto-
kinin. Reduced expression of OsCKX2 causes cytokinin accumulation in inflo-
rescence meristems and increases the number of reproductive organs, resulting

in enhanced grain yield. QTL pyramiding to combine loci for grain number Dec
and plant height in the same genetic background generated lines exhibiting CK s les

both beneficial traits. Th l i f il d H H 1
inc:;rw:::e:tl.a traits. These results provide a strategy for tailormade crop AShIkarI et al (2005) SCIGnCG



Bridging the divide between
Conventional & Organic

mode of cultivation
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.



Organic plant production
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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~'; aggregate stability, 55% stable
aggregates > 250 pm; bulk density, 1.23 g cm=3. (B) pH(H,0), 6.0; organic carbon, 15.8 g C,,, kg™'; phosphorus, 21.4 mg P kg™*; potassium, 97.5 mg K kg™'; calcium, 1.7 g Ca kg™";
magnesium, 125 mg Mg kg'. (C) Microbial biomass, 285 mg C,,. kg™"; dehydrogenase activity, 133 mg TPF kg~' h~'; protease activity, 238 mg tyrosine kg~ h™'; alkaline phosphatase,
33 mg phenol kg~' h™'; saccharase, 526 mg reduced sugar kg=' h='; 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
and potassium (analysis of variance; P < 0.05). For methods, see table S3.

the field trial design. Significant effects were found for all parameters except for bl

ulk density, C



New paradigm for Plant Nutrition

Plant growth
Plant Biology Europe @
=SSy epso

Cell Proliferation @ Building blocks for
- cellular machinery,

Mineral nutrients
DNA, cell walls, etc.
‘ * e.g. N, P, K, trace
Active Cell Division elements
and Growth
“ Drives cell cycle Fertilizers
(organic/chemical)
Phytohormones
‘ Signalling

“Biostimulants”

Microorganisms
e.q. bacteria, fungi

Wang et al. (2019 Willey:
Wang et al. (201%) Springer
Weng et al. (2016) Acta Herliculturae:
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What is a GOOD Fertilizer?

Essential nutrients (Marco & micro nutrients, trace elements)
Improves soll 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

Human

Human physiology,

cellular processess
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Thank You!

Hortikulturell produktionsfysiologi (HPF),
Institutionen for biosystem och teknologi

Horticultural Production Physiology,
Department of Biosystems and Technology

SLU

Swedish University of |
Agricultural Sciences
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Thank You!

Multi-disciplinary & collaborative research
: give significant cost-savings!!!
4 Insightful research outcomes — better papers too










New tools like
Soil Biological
Functionality
-Assessment &
Rhizosphere
Competency
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Cell Cycle Control & Cytokinins

Planta { 196) 200 2-12

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

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

' Plant Cell Biology Group, Research School of Biological Sciences, The Australian National University, ACT 2601, Australia
! Cooperative Rescarch Centre for Plant Scence. 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-
1-acetic acid) together with cytokinin (6-benzylamino-
purine) induced a greater than 40-fold increase in a
p34*““like protein, recoverable in the p13™'-binding
fraction, that had high H1 histone kinasc 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-

nhorviation was indicated hv hiech nhosnhotvrosine

E00T, Mg n i 108 AR (i iciErendl

Introduction

Cell cycle control can be exercised by interaction of the
key cell division cycle (cdc) catalyst p34*® (the 34-kDa
product of the cde2 gene) with different cyclin subunits
that direct its protein kinase activity to specific substrates
(Peeper et al. 1993), by cyclin dependent kinase inhibitor
(CKI) proteins (Pines 1995) and by enzymes that control
its enzyme activity through phosphorylation (Gould and
Nursc 1987; Millar et al. 1991), so providing a likely
universal mitotic control (Nurse 1990)

In plants we have noted changes in the level of
n34°“2 like nrotein that are consistent with an hvnothesis




Importance of
Roots-derived
Phytohormones

Using a Root-pressure chamber
1 to obtain “snap-shots” of xylem sap

for various analyses.
cok?

Yong et al (2000, 2010)
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Rice-s0ft shell rurtle comulture effects on vield and its environment
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Jian Zhang’, Liangliang Hu®, Weizheng Ren’, Liang Guo®, flanjun Tang*, Miacan-Shi' CU |tlvat|0n !
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Table 1

Turtle and rice yvields in a 2-year field experiment with rice monoculture (RM, rice-
turtle coculture [RT), and turtle monoculture [TM) in China. The turtle 1s Pelodiscus
STensts.

Treatment
Yields R RT ™
Rice {tonha™')
Girain yield 7.67 +0.15° 745 1 026"
Straw yicld 467 | 0.04° 4498 009
Turtle (tonha ')
Gross yicld .56 1 0.017 1.43 | 0.03"
Nel yield 115 =0.n1* 1.09+0.03°

Values are means + 5E (n=4). Means in a row followed by different letters are
significantly different (P 0.05).

Chinese soft-shelled turtle (Pelodiscus sinensis)



