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Why beneficial microbes?

An introduction to
mycorrhizae

Who are PlantWorks

The use of mycorrhizal
fungi in agriculture

Products and the
PlantWorks Soil Hub
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The Need for Change

e Sustainability — Economical, environmental,
future

* Healthy soils are the foundation of all
farming

* Legislative changes— Arsenal of available
chemicals declining, need for alternatives
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Basic Principles
* Minimal Soil disturbance
* Continuous soil cover (living plants)

* Good crop diversity

All of these principles create ideal conditions
for the application and maintenance of soil
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FUTURE
of FARMING

“To produce more food between 2000-2050than

we did between 1500-2000 AD” — Food
security challenge
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Crop yields
worldwide are not
increasing quickly
enough to support
this

Food production in
developing countries
needs to almost
double by 2050
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The .British Farming challenge.
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Produce more, sustainably,
for the long term

 Maintain crop yields at
healthy profit margins

O
Minimise environmental 60 /0

impact self-sufficiency
Maintain resources - legacy
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P Mycology is the branch of

biology concerned with the study
of fungi
Soil quality is a function of three factors:

1. Soil chemistry
2. Soil physics
3. Soil MICROBIOLOGY

The last domain of intervention p.a%
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Essential for the maintenance of
soil fertility

plant nutrition

Cycling/mineralisation of N\-plant health/disease
nutrients bioindicators
Improvement of soil structure Dlittenteycling

Support of healthy plant il fertil
grc?\zth yp decomposition ¢ il structure soil fertility

Degradation of organic Rothamsted Research, 2016
pollutants

Fungi, Bacteria, Actinomycetes,
Algae and Protozoa p.a%
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Symbiotic association
between a fungus and
the roots of a plant

Obligate mutualistic
symbiosis with >80%
vascular plant families
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‘The majority of plants, strictly speaking, do
not have roots; they have mycorrhizas’

‘Mycor’ = Fungus
‘Rhiza’ = Root
Root uptake surface increased up to 700 times
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Ectomycorrhiza - Host specific for tree species (e.g.
Conifers)

Arbuscular mycorrhiza - most plant species, including
trees

Orchid Mycorrhiza - orchids

Ericoid Mycorrhiza -Heathers, Rhododendrons,
Blueberries

Non-mycorrhizal plants — Brassicaceae,
Amaranthaceae




Arbuscular mycorrhizal fungi:

Ancient asexual organisms
Hyphae penetrate the roots

Form arbuscules, vesicles and spores,
lack fruiting bodies

Mineral nutrients Organic carbon
and water extracted
from the soil

compounds transferred

to fungus
[




mycorpniza
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Glomus intraradices




Foss;/ record
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460 millionyear old fossil Present Day stain
Origin of Arbuscularmycomhizal fungi
“Original land plants ECMF evolve fortrees Flowering plants emerge
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Spores,

undergoes (seeds) can
photo- - germinate
synthesis, to form
providing

. carbon “
uptake of water and

nutrients to the plant Fungal hyphae, network that
penetrates the soil, and colonises

root

hyphae

‘ I Arbuscules

site of
transfer for
nutrients
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* Nutrient uptake primarily P, N and Zn
* Protection from biotic stress
- pathogens and herbivores
®* Protection from abiotic stress
- drought, heavy metal tolerance
* Soil stabilisation (glomalin)
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PlantWorks Ltd is one of Europe's
largest manufacturers of mycorrhizal
fungi and the UK's only producer. The
company operates from Kent Science
Park (KSP) and East Malling Research
(EMR).
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Formed in 2000 as a spin out of the International
Institute of Biotechnology

Established production in the UK in 2006

Science team of six including PhDs in mycology,
bacteriology and degrees plant science, horticulture
and soil sciences.

Launched farming proposition 2014

Produce 100 tonnes of Mycorrhizal Fungi each year
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Horticulture

RGPRC

Agriculture

PlantWorks Ltd

Llcensmg

@




" v \}
o e s 3

\7

Current production:

* 100 tonnes per annum (in vivo)
* 5 species in bulk pure culture
* Blended ex production to min 500,000 MPN

* Coarse and fine grade substrates (1-3mm, 0.5-1mm)
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in vitro AMF production
Potentially high spore yield but
in vivo AMF production lower species biodiversity — suited

High species biodiversity, grown on inert to mono-crop i
substrates using host plants application h
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‘Production and* QA .
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Quality Assurance L

Standard Operating Procedures 2012 - 2013
Commercial in Confidence

All production stages are defined . o

labels, knde, sossors.

Set up 400 e buk Bags on a paliet In Greenhouse ! and 2 or altemative grows

under SOP designed in accord for | Ptk

FRt vach bag 273 A with the Bulk Production mex subsirate. Add a layer of 20
s (half @ crate) of the stage 3 noculum culture. Fil the remainder of bag.

GLP. All stages are signed off. i o Byttt e

Sqract [

Cloary latal bags with Badch No

Grow e 12 months in Greentouse 1and 2 of Nlermatve grows enmvironment
omploging 900 Greenhouse Management

*RLC testing - — =

Watering regeme: 3 times cially for 10 min. (Recommanded “stress ¢ycio” ot end
Of Growing 08800 ~8urm off wadtr 1or 2 woeks and resume e 2 weoks, fepoat 3

*Spore Count B e

Cooe

*MPN testing
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Pfant érowth P ‘ otmg Rh/zobactena

Nitrogen ' How does it work?? | Nutrient
Fixation \ , solubilizing

S N

Hormone

Production Siderophore

Production

Nutrient

Rhizoremediation
Uptake
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Additive effects of Plant Growth Promoting Rhizobacteria B3 Universiy
(PGPR) and arbuscular mycorrhizas on host biomass .

of
ShefMeld

Fresh weight 14 days after infection (x 100 mg)

400

Control

AMF

PGPR AMF &

PGPR p.a..ll




Inoculation conditions

. No inoculation —
negative control

. Sterilised rootgrow

. PGPR granule

. Rootgrow

. Rootgrow & PGPR
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Practical application of

AMF

Agriculture
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John Cherry, Non-till farmer in Hertfordshire
* Observed increased yield on potato 2015

Simon Chiles, Non-till farmer in Kent:
* Observed increased yield in triticale 2015

Parrish Farms, Bedfordshire
* Longterm rotationtrial set up in 2016

* Monitor benefits of microbial application together with conservationtechniques
* Oniontrial Fusarium with AMF and PGPR

Procam UK
* Sweetcorn trial set up 2016
* Brassica trial with PGPR planned for summer 2016 P'am




Limagrain UK:
Fodder grass and maize trials 2015
Increased yields on grass
Repeats on both crops in 2016

Pea trials 2015: Increased yield

Pea Trials:
plot weight (kg)

GPA untreated Rhizobium  Wakil & My(orrhn Wakil
USA Rhizobium

Yieldt/ha

Yieldt/ha

TWYMAX Perennial ryegrass
Total Dry Matter Yield

Twymax Twymax+AMF 2kg/ha

Treatment

Matiz Perennial Ryegrass
Total Dry Matter Yield

Matiz Matiz+AMF

Treatment P'a’h
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» Farm Practices
* Pesticides
* Fertiliser regime

* Application — Seed drills and
machinery

» Interaction between AMF and specific plant
cultivars

» Economy/Profit margins p-ab
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Fungicide AMF Interactions

Pesticides —
« Detailed review of all 1 —I

Pesticides used in trials

Correlation reviews of

: . Fungicide AMF Interactions
literature/lists of

chemicals harmful to

sy 1))

Trials started October
2015
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The Concept

 Maintain a carbon
link between
microbial
communities and
host crops during
commercial
production of
food and forage.
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ABOVE GROUND CYCLE
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Maintenance of fungi
Enhanced residues and plant carbon link
exudates

Greater plant health
and yield

Crop
Intensification

Soil Quality
And Health

Higher soil

Microbial
efficiency

k Increased Soll Organic ‘J
Matter (SOM)

Yo
K'

Increased aggregation
and water holding

capacity

BELOW GROUND CYCLE
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Strong AMF
associating
crops

Ley operates Plant cover
as cover to maintain
crop carbon link

Smart Rotatio

-

Plant cover
to maintain
carbon link

Mitigation by method

Management of microbiology through

@

SUGAR BEET

No
association
Carbon link

break

If no
intercrop is
used no
cover crop
required

farming method.
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Mitigation by Intervention

Management of microbiology through use of
ﬁ inocula.
b

SUGAR BEET

AMF No
Intervention Intervention MARGINAL Intervention treatment association

for soil of crop abia of crop after high Carbon link
health health health soil break
disturbance

TREAT ley Treat at low
after Sugar level if field Treat seed ” : -
beet with has high potatoes at eat at low

AMF thoaen time.of levels intervention
(low level) palogg planting
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Smart Rotatiolls , . .

Plant and Soil Factors

Factors to be considered when inoculating.

R d FicTors jums

AMF Crop AMF 2 : :
Inoculation dependency ok
\ SOIL Soil disturbance fom Known pathogen Soil disturbance Previous crop Previous AMF 3 ol
rACTORS Rl v e Wl et €
‘ S TREAT

" OPTIONAL |
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Score Card System

Takes into account plant and soil factors to
make treatment recommendation.

B Sumceptibity 10 pafhogen tack
B PEN crop saquiremens
Uses of irmcrops
® Krown Pathogen presence
Sal dsturtance from previous
harvest
o Fotiow (bhare s08)
oSl dm it e g deedey
B Pravious Qop Catan Cyche potind i
B Pravious AMF tlesment / use of
COver Crops
& Trentrmmrd reComnended

u Plant will benefit from AMF ® Soil will benefit from AMF
# No benefit from AMF
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Products designed for Agricultural Applications
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WHAT ARE MY CORRMITAL PUNES (MY

AG - GROW

FOR SEED DRILLING

Mycorrhizal Fungi for

AGRICULTURE

FIELD GROWN VEGETABLES

Suitable for
$oed Drilling

Zero Harvest
Interval
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Products designed for
Agricultural Applications

AG-GROW

FOR SLED DR

Mycorrhizal Fungl for

AGRICULTURE e Suitable for

Seed Drilling

Zero Harvest
Interval

AG-GROW

FOR COVER, LEYS, & FORACK

Fleld Production

RGPRO ) C
AG=GROW Y mge c 8 lens Natural
< 2 b'«:a‘::‘:mr- i laris, Bacl e Bioadditives
Mycorrhizal Fungi for k'\ 0

AGRICULTURE

USE WITHIN ROTATION SYSTEM TO BUILD SOIL LIFI RGPRO

AG=GROW it C lone Suitable for
3 8ac 5 i Seed Broadcasting

AG-:GROW

Rhroblum Species
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Web-based
. platform for

Peeesspsssssssguennnny  farmer feedback
Qe Ageit C and on-farm

= experience

Search results for eiindlooriiole
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Boucher Farms Top Fruit Parnsh Farms Kent mix arable
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Willow Farm Rape mixed
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AMF: An ancient symbiont of 80% of vascular plant families
Extensive scientific research shows wide range of benefits
PlantWorks inoculum produced in UK and tested rigorously for

efficacy
Practices in Conservation Agriculture ideally support biological

applications and maintenance
Better understanding of application and management strategy for use
of microbes in commercial farming needed

Microbes are a real possibility for aiding
sustainable crop production %




Jamie Stotzka
PlantWorks Ltd.
Unit 930

Kent Science Park
Sittingbourne ME9 8PX

jamie.stotzka@plantworksuk.co.uk
Office: 01795 411 527
Mob: 07863 962 040




