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Plant
Extracts

Organic Seaweed

Biochemicals
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BioStimulants Biological Control Products

Insects e
' todes

L~ DunhamTrimmer

Y -/ International Bio Intsigence

Acids

Extracts

Semio- Plant Organic | : Yeast's
- Virus p g
chem Extracts Acids Others

BioPesticides

Biofertilizers

Biostimulants Macroorganisms

* Microbials used * Biopesticidesare derived from natural materials, such as plants, bacteria and * Insects; Mites;

to enhance plant + Seaweed Extracts make up the certain minerals. Biopesticides target specific pestsand are inherently less toxic Nematodes
nutrient uptake largest segment in this group than synthetic pesticides, * Insects followed by
fromsoil * Microbials, primarily bacteria, mites makeup the

* Nitrogen fixing f d d i r . = 2 largest groups
bacteria make oftenused as seed or soi Biochemicals Microbials * Unique in that the live

up largest group
Others include
mobilizers of
specific nutrients
(zinc, sulfur) and
mycorrhizal
fungi
Biofertilizers
regulated under
country/state
fertilizer
regulations

treatment to aid in nutrient
assimilation

Organic acids are humic and fulvic
acids used as soil amendments,
formed by the microbial
degradation of plant matter.
Definition and regulation of
biostimulants is still under
development in most parts of the
world

Plant Extracts; Semiochemicals;
Organic Acids

Plant Extracts make up the
largest segment in this group
Semiochemicals (pheromones)
has the largest actual number of
products

Largest challenge for Plant
Extracts is manufacturing and
consistent quality in the active
ingredient(s)

* Bacteria; Fungi; Virus; Protozoan;
Yeasts

* Bacteria, followed by Fungi make up
the largest groups commercially
(>90%)

* Microbials are the largest market of
biopesticides.

* Biggest challenges for microbials are
formulation related: 1) Shelf-life; 2)
Stability; 3) Performance
enhancement

organism in the form of
eggs, larvae, pupae or
adult is used.

Most important
challenge for Macros is
logistics—shipping live
organisms that have to
have special care to
survive

Normally not classified
as a Biopesticide—only
as Biological Control
Products
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Accelerating Growth.

Acceleration highly variable depending on country/market.

Values shown are at
‘factory’: Retail value is > 2x

EU is a more ‘mature’ market and significant expansion of EU firms into US is expected.

REGIONAL CAGR 2015 - 2025

1% 2020-2025

15% 2015-2025

14% 2015-2020

13%

12%

1%

10%

9%

8%

7%

6%
US/Canada Europe Asia/Pac  LATAM MENA  RoW  Global
1004%  1058% 1253%  1271% 976% 14.97%  11.56%
10.2 10.28 1212%  1222% 9.88% 1416 11.26%
1042%  999%  1M.70%  11.72% 1001% 13.35%  10.97%

£ DunhamTrimmer

(Y} International Bio Intedligence

US/CANADA EUROPE ASIA/PAC LATAM MENA ROW
2025 $650 $923 §936 $840 $336 5248
2023 $546 $754 $737 $658 $279 S188 $3_9 bn
2021 ) $616 $582 $519 §232 5141
PUER  $370 $507 $463 $412  $1920 HIE
$2.1bn

VOGN $240  $347  $208  $265 5131 NIl

0 500 1000 1500 2000 2500 3000 3500 4000 4500

September 2020

6 © 2019 DunhomTrimmer LLC
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ABIOTICSTRESS e BIOTIC STRESS
e\ Diseases
heat m pathogen attack
}‘6‘{ cold %

PYA salt

Y v
drought 1
flooding

,% herbivore attack
Yield GAP: 65-75%

insect attack

Yield GAP: 25-35%




MPK3 MPK4 MPKé MPK4 MPK4 MPK3 MPK6

Generalized
MAPK module N i
Stress Temperature Oxidative Salinity and Drought
stimulus stress (cold / heat) stress osmotic stress stress
: \ LN /] \
1 r ARY F 2% & AY
Plasma q !
membrane | &
E ; Y7 ¥ 5081 /’ o
H Second !
Stress detection e | @ %
hormones i , A ¢Kl
!
| o
5 VY L gl
&) W PTI-4
(MAP3R) MEKKI | 7 MEKKI ?
H A : i i ‘
m i : \ 7 X
@oP | BRI
| ] \ 7 1 \
(P) I v v v “r ¥
MOIeCUIar Response @ MKK5? MKK2 | MKK1  MKK1/ MKK5 ? MKK2 MKK1 MKKS MKK4 | MKK2 MKK1
i : MKK2 Vo
g (I
: ] '
@J E '
{)Q i A v L 4 v ;

T I |
RAV1, STZ, CBF/DREB CSD1/CSD2

Target

Crop Response

PLANT PHYSIOLOGY AND DEVELOPMENT 6e, Figure 24.12
© 2015 Sinauer Associates, Inc.

Anion channel/
stomata closure
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Yield Gap Analysis

Assumes that Y, = Maximum theoretical

b >80% Y, is yield (ideal sunlight, temp,
impossible or nutrient, CO,)
unprofitable Y., =Maximum theoretical
yield with water limitation
— Determined
(O] by: radiation,
q>) temperature,
v planting date, i i
= iting 80% of Yp Exploitable yield
o) maturity (and or Yw gap
o water supply
= for Yw)
Top Grower
Best-Year Biotic and Abiotic Stress
S—
Yield Potential Exploitable Average farm .
(Yp or Yw) yield yield (Ya) Biostimulants

M.K. van Ittersum et al. / Field Crops Research 143 (2013)4-17
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glucose |

!

fructose 1.6-

erhythrose-
blsPhosPhate 4-phosphate / \
aromatic

amino acids i Id T ~ . -
of the serine [ cysteine I g‘s’cs:‘zs:h;’t:'] tryptophan amino acids
family I

38:)2:5::;0_ [anthranilate]

[ v

glycine ]<—[ serine

I tyrosine l
e ——- "hosphoel:n"l_I [ DAHP 1 — [ chorismate]—»[ prephenate]
of the ( alanine pvruva e
pyruvate

\ -
acetolactate l pyravate

\ ' phenylalanine |
e —— a- \ acetyl‘
: ketobutyrate CoA /amino sadSof the \
) citrate i
[asparaginel l\S" = ) glutamate family
S T oxalo- s - ] —
T e it [ isocitrate l D roline I
threonine [aspartate [ /'
) l a-keto- | ___| ( ] I
1 malate clatarate) — glutamate — [ormthme ]
homoserine- aspartate
4-phosphate l semialdehyde \ / = 1 = 1
1 1 oy ate succinyl- l glutaminel citrulline
= , CoA b - l
amino acids of

\ [’ arginine 1/
the aspartate p'r‘.‘;‘i,iif{e
family
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amino acid
AMINO ACIDS PEPTIDE PROTEIN

KEY: H = lyydregen . M = nilegen . © = carbon , R = vadable sida chain
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Left hand Right hand L-amino acid
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COOH

D-amino acid
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; TOTAL  Protein bound

. Aminogram amino acils mm_ e
o Proline 9,30 046 [8BaT PRO
90 : Serine 926 047 909N SER
: 3 Glutamic ackd 903 087 IIUEAE G
80 L Gyne 672 054 NGB oy
28 < ﬁ Liicis 65 0% IUEZ ey
70 5§ 3 — e Vaine 6,51 s TSR VAL
T g g £ Aspatcacd 604 013 DRI ASP
60 z § 2 3 § Arginine 520 08 M8 ARG
€ 3 Threonine 4 1o NEITIN ™R
30 3 g 3 Aanine 413 oo AN A
40 Phenilalanine 403 ! » O  PHE
- 2 o [Isoeucne 3,99 s ko
3 30 g &% 2 8 £ Oyte 164 ogan cvs
H 2 % £ 2 g £ Lysine 162 | . 1vs
20 ° 2 o 2 $ o Tyrosine 079 008 NINOTEN TYR
S F 2 g 3 5 o 057 004 OSSN Hs
g\ = T 2 Metonne 041 002 [NOBSNN MET
g l O m e = yooypone 022 020 0020 Hve
e e S Wooyysee 0@ opo MO HM

FREE amino acids  “Protein bound amino acids Total 80,43 ; 67 74w
Analysis by HPLC method.

Values given have to be seen within natural devistions and anslytical tolerance.
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Organic matter 85%
Organic nitrogen 12,8%
Total nitrogen (N) 12,9%
Organic carbon (C) 38%
Free amino acids min. 75%
Total amino acids min. 80%

Ash 6%
Chlorides (Cl-) 3,5%

Water 9%

Total 100%

pH-value (1:10) 45-55

Density 400-450 kg/m*

Organic matter 90%
Organic nitrogen 12,8%
Total nitrogen (N) 12,8%
Organic carbon (C) 39%
Free amino acids min. 80%
Total amino acids min. 85%

Ash 6%
Sodium (Na¥) 1,8%

Water 4%

Total 100%

pH-value (1:10) 4-5

Density

350-400 kg/m®
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Flower E
Bark B
Leaves r.
oot |8
Underground storge organs !—
Fue ——
Seeds I——
. I 4 A I 4 i
0 10 20 30 40 S0 a0 70

Analysed different plant parts for amino acids
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Ascophyllum nodosum

Most active seaweed species and is grown in cold, clean waters.
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Product name

Seaweed name

Company

Application

Acadian®
Acid Buf
Agri-Gro Ultra
AgroKelp
Alg-A-Mic
Bio-Genesis™™ High Tide™
Biovita
Emerald RMA
Espoma
Fartum®
Guarantee™
Kelp Meal
Kelpak

Kelpro
Kelprosoil
Maxicrop
Nitrozime
Profert®

Sea Winner
Seanure
Seasol®
Soluble Seaweed Extract
Stimpla:}t(®
Synergy

®
Tasco

Ascophyllum nodosum

Lithothamnium calcareuwm

Ascophyllum nodosum
Macrocystis pyrifera
Ascophyllum nodosum
Ascophyllum nodosum
Ascophyllum nodosum
Red marine algae
Ascophyllum nodosum
Unspecified
Ascophyllum nodosum
Ascophyllum nodosum
Ecklonia maxima
Ascophyllum nodosum
Ascophyllum nodosum
Ascophyllum nodosum
Ascophyllum nodosum
Durvillea antarctica
Unspecified
Unspecified

Durvillea potatorum
Ascophyllum nodosum
Ascophyllum nodosum
Ascophyllum nodosum

Ascophyllum nodosum

Acadian Agritech

Chance & Hunt Limited

Agri Gro Marketing Inc.

Algas ¥ Bioderivados Marinos, S.A. de C.V.
BioBizz Worldwide N.V.

Green Air Products, Inc.

PI Industries Ltd

Dolphin Sea Vegetable Company

The Espoma Company

Inversiones Patagonia S.A.
MaineStream Organics

Acadian Seaplants Ltd

BASF

Tecniprocesos Biologicos, S.A. de C.V.
Productos del Pacifico, S.A. deC.V.
Maxicrop USA, Inc.

Hydrodynamics International Inc.
BASF

China Ocean University Product Development Co., Ltd
Farmura Ltd.

Seasol International Pty Ltd
Technaflora Plant Products, LTD
Acadian Agritech

Green Air Products, Inc.

Acadian Agritech

Plant growth stimulant
Animal feed

Plant growth stimulant
Plant growth stimulant
Plant growth stimulant
Plant growth stimulant
Plant growth stimulant
Health product

Plant growth stimulant
Biofertilizer

Plant growth stimulant
Plant growth stimulant
Plant growth stimulant
Plant growth stimulant
Plant growth stimulant
Plant growth stimulant
Plant growth stimulant
Plant biostimulant
Plant biostimulant
Plant growth stimulant
Plant growth stimulant
Plant growth stimulant
Plant growth stimulant
Plant growth stimulant
Animal feed
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Treatment Effects Possible Mechanisms
: _
g\ [ b i e oy o
' . H
T
::trsl.a:d agmu \ 5'%'35&“"“ = :m« insectrepellent
i S e .
g?::';':ﬂ % | 2. Resistance o insect pests genes eg. PR-genes ‘St} O
Abiotic stress resistance <
% L TR o U ! S g oy, L) SB oledlw dgue O
feezng & Chillog olerance ==,y e ool subsotofsiress i R - 4 a
PRERRE e (G151 5 O (5l 9 WS (o0 J5 97 (54 Sldgy
Enhanced nutritional Quality = Atered metabolsm, . .
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interaction interaction

[ Plant - Rhizobacterium ]{ Plant - Pathogen ] °'\3} »9 b"";} dlﬁb U’“t" )"')" » °l¢.5 cbls o

A 25155 (PGPB) 5 (ISR) B (yolisg (g5l> O
Jasmonic Acid - response
l Salicylic Acid - response O’M' ‘_;.'i C)‘}!.“ u‘*.’.‘)ﬁ‘ ‘g;’?l"" sbis culs u**"‘"s o
Ethylene - response (CAT POD SOD (sl o151 33,5 Jed -S> o

(owit) oS Of Jamsilly Wiul3d  ©

Z : Pathogenesis related proteins - PRs; = -
Enhanced defensive capacity Enhanced defensive capacity A 5 oy D90 o

( ISR SAR
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Humic
Compounds

Fulvic Humic
Acid Acid

Molecular chain-length increases >

Highly water soluble slightly water soluble Highly insoluble
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Plant residues pModified lignins

!

Transformation by microorganisms

l Liénin

Sugars  Polyphcnols Amino compounds decomposition
products
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» Humic substances 1‘




HumicAcids

Carbon
Oxygen
Hydrogen

52 %
40 %
5%

;

Swogad g LSS

Plant Vegetation

Decomposition

Fulvic Acids

Carbon 43 %
Oxygen 50 %
Hydrogen 5 %
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Humic Substances

( gmented polymers

Light

Yellow :

> |[ncrease in intensity of color >

> |[ncrease in degree of [

2000 > |[ncrease in molecular weight >
45% > |Increase in Carbon content > 62%
48% Decrease in Oxygen content > 30%

1400 ———e———__-Decrease in exchange acidity > 500
=

Decrease in degree of solubility
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Structure

Humic Acid

Fulvic Acid
Indole-3-acetic acid (IAA)

Calcium Nitrate

Amino Acid
(Aspartic Acid)

Zinc (Zn)

HO 0
OH

O;’ CH,COOH

Ca (NO,),

HOOCFH2CHCOOH

NH,

Zn++
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Molecular Weight

5,000 to 50,000

300-600

175

164

133

Decreasing 65
Complexity


http://en.wikipedia.org/wiki/File:Humic_acid.svg
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Natural Sources Humic Acids % Fulvic Acids %
Leonardite (Australia) 85 10
Leonardite (Europe/USA) 40 10
Black Peat 10 40
Sapropel Peat 10 20
Brown Coal 10 30
Dung 5 15
Compost 2 5
Soil 1 5
Sludge 1 5
Hard Coal (Black) 0 1



S99 w9 Saogad sl (W& [

stz chal o e 3 S Pjgel s ik e

Cowl fawlgas 2005 OHWS O

Improve plant growth +
and yield ‘

Humic Substance

Increase number
bacteria cells

Induce the activity of
(PM) H+ ATPase

Hormonal modulation

Root
exudation

(P)

20N

Alter the composition of @
root exudates
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Humic acids improve soil structure by providing ’ PGPB 7.0}

more space for root growth and bacterial activity.
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Not easily absorbed through leaves Readily and quickly absorbed through

leaves
Provide sustained food for microbes — Quickly degraded and consumed in
sustained benefit in soil soil — still beneficial for microbes

Bound to soil particles. Not readily Not strongly bound to most soils.
leached — retain nutrition and moisture Readily leached and lost from soil — no
in soil with sustained benefit in the root long term conditioning effect

zone

KEY POINTS

Slow acting, effective in the soil, Fast acting, effective on leaf, low
soil conditioner effect as soil conditioner
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There are now thousands of papers demonstrating positive responses of biostimulants on plant
stress and yield. A few with biological explanation, most not.
However, the success of one biostimulant in one circumstance does not prove it will work for you.

Frult

+ Sefting processes
* Fruit size and weight

* Quality « Water stress. heat stress

Crouch and van Staden, 1992; Chouliaras et al.,
1997; Colapietra and Alexander, 2006; Basak,
2008; Chouliaras et al., 2009; Ross and Holden,
2010; Loyola and Mufioz, 2011; Paradikovic et
al, 2011; Khan et al,, 2012; Paradikovic et al,,
2013; El-Hamied et al., 2015

Seeds / Seedlings

+ Germination

* “Starter effect”

+ Overcoming transplant stress

+ Priming effect

+ Seed quality o Water stress, heat stress
Aldworth and van Staden, 1987, Featonby-Smith
and van Staden, 1987, Crouch and van Staden,
1992; Russo ¢t al., 1993; Moller and Smith,
1998; Demir et al., 2006; Sivasankari et al,,
2006; Farooq et al., 2008: Neily et al., 2010;
Kumar and Sahoo, 2011; Matysiak et al,, 2011;
Kalaivanan and Venkatesalu, 2012,

Roots
* Root development
* Young root development
* Rooting of cuttings « Water stress, heat stress
Sivasankari et al,, 2006, MacDonald et al,, 2010;
De Lucia and Vecchietti, 2012; Ferrante et al.,
2013; Krajne et al,, 2012; Petrozza etal.. 2012
MacDonald et al., 2012; Alam et al,, 2014,

Povero et al FIPS 2016
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Plant

Plant growth/yield and physiological modulation
Water/nutrient uptake

Stress response

Beckett and van Staden, 1990; Beckett et al., 1994;
Blunden et al,, 1996; Adani, 1998, Mancuso et al.,
2006; Zhang and Ervin, 2008; Ross and Holden,
2010; Sangeetha and Thevanathan, 2010; Zhang et
al., 2010; Fan et al., 2011; Kumar and Sahoo, 2011;
Matysiak et al,, 2011; Paradikovi et al,, 2011; De
Lucia and Vecchietti, 2012; Petrozza etal., 2012;
Paradikovic et al., 2013; Alam et al,, 2014; Petrozza
ctal, 2014; Saa et al., 2015.

Flowers
* Flowering and sprouting induction.

Basak, 2008; Petri ¢t al., 2008; Hawerroth et al.,
2010; Pereira et al,, 2011,

..........
...........

Soil
* Physico-chemical properties
* Development of beneficial soil microorganisms
+ Water/nutrient retention
+ Overcoming salinity stress

Booth, 1969; Guiry and Blunden, 1991; Temple and
Bomke, 1988; Chen et al., 2002; Gulser et al., 2010;
Ross and Holden, 2010; Garcia-Martinez et al.,
2010; Tejada et al,, 2011; Alam et al, 2014,
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