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Organic growing media --- Topics

ORGANIC GROWING MEDIA -
HOW CAN IT AFFECT THE HEALTH

OF MY TRANSPLANTS?

* Introduction to organic growing media
--- Wenjing Guan

* Plant performance in different media Bl
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Organic transplant production

Large variation in organic transplant production to meet individual producer’s
specific needs

* 1795 certified organic operations report to
produce transplants in 2018.

* Majority produced transplants for on-
farm use, or for both on-farm use and
for sale.

* Few operations specialized in producing
organic transplants only for sale

Certfied orgmic operaionsin the US
—orginc Trasplats

Data source: USDA Organic Integrity Database S PUI 1
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Nutrient source in organic growing medium
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wetting agents are not allowed in Chicken manure compost
18 agen Cow ramurt compons "~ WORM CASTINGS MEAL s
organic medium GRGANIC FERTILIZER
Lobster compost - e EARTHWORM :mm

Compost from green wastes

Plant based compost
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Nutrient and other materials in organic growing medium Puzzles in organic growing medium
i + Compost nutrient varies based on raw materials
- alfalfa meal, kelp meal, fish Nutrient o Bl P T e T i
meal, bone meal, soy meal ; ! source different nutrient combinations y
‘- —-——
. Chemical
- worm castings, bat guano _— N
dolomitic i 3 d 8 Iciti AT GUAND ooy — Seed + Seed germination is sensitive to salinity
- dolomitic lime and calcitic ~ i ol j“ElP MEAI. ee « Too much compost or other organic amendment
H H H can lead to increased salinity and interfere with
lime ) P v ; germination coicp ) Physical
- gypsum, potassium sulfate, (i nnMpns‘
sand, rock etc. hClcI e it - e Seedling + Seadiing growth is in a relaively shore period.
~ rovcorrhizae " WORM CASTINGS MEAL B T I Bological
4 SRGANIC FERTILIZER growth needs are important but poorly quantified.
- humic substances = s EARTHWORM mm
- biochar « Transplant health may affect crop yield
« Influence of microbes at transplant and post-
459 PURDUE | oo transplant growth stages is poorly understood.

Goals J512  Johnny's 512 Peat (brown and black), compost,
Improve media selection and use I - -
M201 Premium Peat, compost, worm castings, Tennessee brown rock
Evaluate crop performance in different media 7 media Flower 201
Characterize media PENN PennValley Peat, coir, compost, , biochar, pulverized volcanic ash,
chemical, Potting Soil  chelated trace minerals,
physical, PMPO Promix MP Peat, coir, h b , Mycorrhizae -
biological Organik GHA297
Identify a§59ciations between performance and g SCOE Seed Peat, compost, b , sharp sand, humate,
characteristics ) . Catapult rock phosphate, azomite, Mycorrhizal fungi
Develop recommendations for selection and SUNI _ Sunshi P h
management of media 3 locations unshine eat, , organic starter nutrient charge,
No. | N&O gypsum, RESILIENCE organic wetting agent
55D PURDUE | s % VCFL Fort Light  Peat (blonde), coir, compost, X , herbs,
UNIVERSITY \ granite, basalt, blood meal, bone meal, kelp meal, gypsum

Germination and Emergence

Emergence vs Days after Seeding
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Seedling Performance - Emergence
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Cucumber - PP
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Squash - PS
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‘Watermelon - SW

6 8 10 12
Davs after Seedin

Electrical Conductivity (Salinity) of Growing Media

6
ECis a common lab measurement for media and compost

5
= A measure of dissolved salts

" E

= Salts may be plant nutrients, s .
e.g. potassium and nitrogen £

= Salts may be non-essential 3 s
elements, e.g sodium z
g
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Growing Media
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Emergence parameters were highly correlated with media EC Emergence parameters were highly correlated with media EC
s Tomato : Tomato - - Cuke : = Squash . Watermelon
° 94 " 5 tridls 2 - 5 trials 2 trials | trial | trial
® 5 3 :
S = r2=79 22 r2=79 % r2=74% r2=.80 ** T r2=82 %
00 o2 3 B - ke
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%
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Media Moisture also Influenced Emergence

— ; 3 B W 1f media does

not wet easily,
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259 PURDUE =55, Lettuce Seedlings in Eight Transplant Growing Media, Pinney
Purdue Ag Center, 2018. Seeded 8/21, photo 9/13/2018, 23 DAS.

Tomato and Cucurbit Seedling Dry Weight in 7 Media

Media containing
compost produced larger
seedlings than media
without

Tomato Cucurbits

One compost-containing
media did not perform as
well as the other four

52

Dry Wt (g/3 plants)

s
348
Dry Wt . (g/3 plants)
s
.
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mato Dry Weight 4 weeks after transplant mato Reproductive Stage 4 WAT
N | L1V
Tomato Dry Weight 4 WAT for Seedlings Started in Seven Larger plants tended to flower and set fruit Ao 4 W 428,75, s SOU8 R PR PR, 554
Seedlings grown in Transplant Growing Media, 2018 . 52 earlier. Bt
compost-containing media T Lol . : .
were larger 4 weeks after - - WPeNn Earliest to Latest:
transplanting to the field. i o VeFL
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Tomato Reproductive Stage Correlated with Media EC and NO3-N pH EC, and Nutrient Content of Growi ng Media
SATURATED MEDIA EXTRACT ANALYSIS OF SEVEN GROWING MEDIA (lOIS)
NO3-
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Adding additional nutrients to media
1. Incorporate into media

2. Top dress and irrigate overhead

3. Add toirrigation water

Growing Media Effects on Tomato Seedling Growth Without Added Fertility How do Added Organic Fertilizer Influence Seedling Growth
N 3 o

Nutrient sources used in our research

2. Cost implications. Growers might
choose according to the equipment
they have on the farm.

3. Nutrients in liquid fertilizer is easily
available while solids dissolve or
release nutrients slowly.

2P PURDUE =t

- 1 We selected a solid and liquid fertilizer.
Dry Weight 1 Why? ) )
Before g 1. 'Needed all three major nutrients
5,

Transplanting
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Fertilizer guaranteed analysis How do Added Organic Fertilizer Influence Seedling Growth

SUSTANE% (/EnVI I'OKU re Application treatments

Natum/ly.“w &y Liquid Organic Fertilizer + Sustane5-2-4
5 ° 2 . 4 g 2_ 3-18 1. Mixed in 25 Ib./cu.yd. (rate too high) before filling flats, OR I
o ik 2. Top dress at emergence and about 2-3 weeks after seeding.

Guaranteed Analysis:

About % oz. per half-flat each time. Total equivalent to 25 Ib./cu.yd.n

* Envirokure 3-2-3

1. 500 ppm N applied starting about 2-3 weeks after seeding, OR

2.500 ppm N applied at emergence and then two or more times

259 FURDUE =i,

cenpaited turkey litter, heather meal
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Seedlings in Growing Media with and

hout Fertilizer

mato Seedlings in Growing Media wi

Would adding fert
growing med

We looked at adding fertilizer to media
before planting or as plants emerged and
saw effects on emergence (tomatoes)

= Generally delayed emergence when
applied before seeding

= Liquid fertilizer was not applied at this
stage of the experiment

In most cases adding fertilizer did not
significantly affect total emergence % and
uniformity of emergence

= Butwhen it did, effect was generally
negative (less uniform and less emergence)

Emergence delay more likely and larger in
media with higher initial EC

= Magnitude of effects differed among trials;
might be related to media temperature
and/or moisture content

[ —

er compensate

sl 4
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Days to 50% emergence
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and without Fertilizer

PMPO +3-2-3 ¢+

VCFL +32-3

Tomato Seedlings in Growing

Would adding fert
growing med

We looked at adding fertilizer to media
before planting or as plants emerged and
saw effects on emergence (tomatoes)

= Generally delayed emergence when
applied before seeding

Liquid fertilizer was not applied at this

stage of the experiment

= In most cases adding fertilizer did not
significantly affect total emergence % and
uniformity of emergence

= Butwhen it did, effect was generally
negative (less uniform and less emergence)

= Emergence delay more likely and larger in

media with higher initial EC

Magnitude of effects differed among trials;
might be related to media temperature
and/or moisture content

er compensate for the lack o

dia with and without Fertilizer

Cmarpence % DAS, Tomato 1, SW 2019

L _,,.;:,__:@

; \Mpo 22l

; . \

50 cmergence |

VCFL, with and
without fertilizer

Days after seeding.

bt




Would adding fertilizer compensate for the lack of nutrients in
growing media?

We looked at adding fertilizer to media

. Mean(EC) & EC vs. Treatment o
before planting or as plants emerged and »
saw effects on emergence (tomatoes) S L
= Generally delayed emergence when .
applied before seeding 1
= Liquid fertilizer applied after emergence 2 R A @

generally did not delay germination @

In most cases adding fertilizer did not
significantly affect total emergence % and

uniformity of emergence

But when it did, effect was generally
negative (less uniform and less emergence)

Emergence delay more likely and larger in X . o 1
media with higher initial EC
= Magnitude of effects differed among trials; 7 & /
might be related to media temperature
and/or moisture content
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Would adding fertilizer compensate for the lack of nutrients in
growing media?
We saw effects on growth of tomato
transplants in trays

Tomato Dry Wt va. Days after Seeding, PPAC 2019, Trial 1

= Fertilizer increased seedling relative growth rate for
low nutrient media PMPO and SUNL1. Similar rate as

in other media that was not fertilized.
5-2-4 reduced the decline in growth rate that occurred
over time PMPO

SUNI,
Reduction in growth rate decline occurred for some ey

media at PPAC

3-2-3 generally reduce the decline in growth rate

Fertilizing increased final plant size for PMPO and
SUN1, making them comparable to other treatments
Effects were variable in other media, likely due to the
delay in emergence caused by fertilizer incorporated Vece reFerkiw

into the media. — A2 e Y St 34 IO N O S 34
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Would adding fertilizer compensate for the lack of nutrients in
growing media?
We saw effects on growth of tomato

transplants in trays »

Tomato Seediing Dry Wi. 4/22/2019, 35 DAS, PP1

= Fertilizer increased seedling relative growth rate for s
low nutrient media PMPO and SUNL1. Similar rate as . l
in other media that was not fertilized. »

5-2-4 reduced the decline in growth rate that occurred
over time

S p—

Reduction in growth rate decline occurred for some
media at PPAC

3-2-3 generally reduce the decline in growth rate

Fertilizing increased final plant size for PMPO and
SUN1, making them comparable to other treatments
Effects were variable in other media, likely due to the ~ **

delay in emergence caused by fertilizer incorporated ;' ? i ; 5 : § ; E b :

into the media. § ! § 1 3 f T 43 } 2 8
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Would adding fertilizer compensate for
the lack of nutrients in growing media?

We also saw effects on growth and
earliness of tomato transplants in the
field

= Fertilizer generally increased plant size (wt.) !
but effects were stronger for PMPO, SCOE :
and SUN1, and not significant for M201 and -
VCFL. ] 1 l
= Plants grown in VCFL did not respond much 3
to fertilizer when put in the field. £ e
= Fertilizer increased early yield for low- :
fertility media (PMPO and SUN1) 1
= Fertilizer tend to increase total yield for -
PMPO and SUN1 and decrease total yield A

for M201 and VCFL, but variability was too
high to conclude significant effects.

2452 PURDUE
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Fresh Wt 4 WAT va. TrtNo, Tomatoes 1, HLA 2019

Would adding fertilizer compensate for
the lack of nutrients in growing media?

We also saw effects on growth and Cumulative yield of tomatoes from plants started in fve  Sesmer
earliness of tomato transplants in the  growing media with or without additional fertilizer, SW 2019. — w001 scne
" Mrsatatin i . o £ b mprveart ¢ B om of s wpicators

field

= Fertilizer generally increased plant size (wt. ) “
but effects were stronger for PMPO, SCOE ,,
and SUN1, and not significant for M201 and
VCFL.

m201

nofert, " —
A i

Plants grown in VCFL did not respond much
to fertilizer when put in the field.

Fertilizer increased early yield for low-
fertility media (PMPO and SUN1)

W

Fertilizer tend to increase total yield for '
. nofert.

PMPO and SUN1 and decrease total yield ot =Y e
for M201 and VCFL, but variability was too e -
high to conclude significant effects.

45 PURDUE
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ould adding fe er compensate fo mato yield, SW 2019

e la 0 e gro g media

We also saw effects on growth and
earliness of tomato transplants in the

M201, none 7.9 AB 40.1 A

field
= Fertilizer generally increased plant size (wt. ) LT NG S 107 A 288 5CD
but effects were stronger for PMPO, SCOE PMPO, none 3] C 28.5 cD
and SUN1, and not significant for M201 and PMPO plus5-2-4  12.8 A 358  ABC
VCFL.
SCOE, none 82 AB 31.6 BCD

Plants grown in VCFL did not respond much

to fertilizer when put in the field. SCOE plus 5-2-4 8.7 A 336 ABCD

= Fertilizer increased early yield for low- SUN1, none 26 BC 280 D
fertility media (PMPO and SUN1) SUNLpluis524 89 A 318 ABCD
= Fertilizer tend to increase total yield for Vnone | 92 A [304 s
PMPO and SUN1 and decrease total yield | |
for M201 and VCFL, but variability was too VCFL plus 5-2-4 83 AB 255 D

high to conclude significant effects. PMPO plus 3-2-3 123 A 37.0 AB

VCFL plus 3-2-3 10.2 A 28.2 D

UNTVERSITY ~(cwehoicses




Plant microbiomes

Do they have a role in transplant production?

45 PURDUE
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How can these microbes affect plants?

The Good,The Bad, and The Ugly
(modified from Mendes et al. 2013)

Nutrient
acquisition

Tolerance to
abiotic stress

Growth and

Protection against
development

pathogens

Composition of the
plant microbiome is a

key determinant of
the health and

productivity of plants

Physiology/
metabolism

Immune
response

The The
BAD uGLY

Food-borne

257 PURRYE

Plant pathogens pathogens

What is a plant microbiome

= Plants are literally covered, inside and 'PL(éll;lr;I; ===
out with microorganisms
-> phyllosphere (leaf/stem/fruit surfaces)
-> rhizosphere (on the surface of roots)
-> endosphere (inside the plant)
= More microbes than plants (total # of
microbial cells actually outnumbers
those of the plant)

= What are these microbes doing?

A9 CURDUE =
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= Some “good” microbes
have been isolated for use
as inoculants, but survival
and efficacy in field is
often variable

= |dentity and awareness of
how to manage many
other “good” microbes is
still unclear

Where do plant microbiomes come from?

= Some microbes are vertically
transmitted to plant offspring
via seed

= Others can be horizontally

transmitted to plants via water,
air, insects, humans and SOILS

= What about organic
potting media?

259 PURDYE

Inoculation of potting media with nutrient scavengers

Arbuscular mycorrhizal fungi (AMF)

= Ubiquitous symbiotic association between
plant roots and certain types of fungi
(literally means ‘fungus-root’)

= Well-known for their potential to help plant
scavenge nutrients, especially phosphorous
(P) and zinc (Zn)

= Can also provide other benefits such as
increased tolerance to water stress and
pathogens

259 PURDVE |
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Inoculation of potting media with pathogen suppressors Many other microorganisms likely to be present

Trichoderma harzianum

= Potential role in nutrient scavenging
= Biocontrol activity against pathogens
- direct mechanisms can include:
-> outcompete pathogens for resources/space
-> produce antimicrobial metabolites
-> interfere with pathogen signaling
-> parasitism
- indirect mechanisms can include:
->improved nutrition
->induced systemic resistance
- critical in mitigating foliar
pathogens and insect pests
S PURDUE i,
UNTVERSITY

= Substrates in potting media and some fertilizers could
introduce and support the growth of microbes

= These substrates can also indirectly alter microbiomes
by influence root growth and root exudate profiles

The influence of these microbes on the health of
A9 CURDUE = vegetable transplants is still not well understood

Research study Gray mold (Botrytis cinere

= Can be problematic in greenhouses and
L. . high tunnels with low temps (64-75F)
Does the composition of organic Chenguuan (john) Zhang and high humidity

H H ili = Symptoms: brown lesions on stems,
potting media and type of fertilizer o

applied alter a tomato plants 9 = No strong genetic resistance in tomato
microbiome and ability to resist a elody aber * Both under and over application of N

fertilizer can promote susceptibility to
problematic foliar pathogen?

the pathogen
= Microbes with biocontrol activity can
reduce susceptibility to the pathogen

Dr. Amic Jaiswal FPPU
FURDUE

Gray mold in tomato caused by
Botrytis cinerea

AP FORDVE

Methods Results of the B. cinereal pathogen bioassay
* Leaves of tomato plants grown in media X fertilizer o .
combinations were inoculated with suspensions of B. = Composition of thifpottmg o
cinerea and lesion spread was monitored for 72 hours media had some effect on
susceptibility to the 50
= DNA was collected from the rhizosphere and root pathogen T
endosphere of tomato plants and bacterial and fungal t * In most cases, adding \2; o w
communities were quantified using lllumina next- s oty supplemental fertilizer i
generation sequencing reduced pathogen spread *
(NGS) and QHMEZ = The type of fertilizer applied °
bioinformatic software also influenced pathogen o
spread
B. cinerea lesion size on tomato leaves grown usmg various pumng
4252 FURDUE 459 PURDUE  oomz media and fertilizer 72 after
P <0.05



https://content.ces.ncsu.edu/botrytis-gray-mold-of-tomato

Sneak peak at the tomato root microbiome

Two of the potting media evaluated in this trial (with/without Sustane):
PMPO — Peat, coir, perlite, vermiculite, limestone, mycorrhizae — GHA297
VCFL - Peat (blonde), coir, compost, perlite, vermiculite, herbs, granite, basalt, blood, bone & kelp meal, gypsum

= Potting media influenced
the composition of the
rhizosphere bacterial
community in tomato roots 1

= Were changes in some ] |

individual microbial taxa in |*{ |

. v
response to fertility =1 l I
amendments .l :

PMPOMoos  PMPOSwams  VOFLNone  VCFLSestme 8PWeosscim

7 PURDUE | e

ot Relative sburdance of bacterial phyla in the thizosghers of tomate plants
UNTVERSITY
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Changes in specific microbial taxa due to Sustane fertilizer

Streptomyces —_——
> gram+ bacteria that resemble filamentous .
fungi

» noted for distinctive “earthy” odor due to
production of volatile metabolite - geosmin

» well-known for antibiotic production

» multiple mechanisms of biocontrol activity
Lysobacter

» gram - rod-shaped bacteria

> also noted for production of novel antibiotics
» increasingly recognized for biocontrol activity

S5O PURDUE o

UNIVERSITY

= Tomato transplants are colonized by an abundant and diverse assortment of
microbes regardless of inoculation with specific taxa

= Management practices (potting media composition and fertilizer) does alter
the composition of plant microbiomes

= May provide an opportunity to establish beneficial microbial communities
before transplanting into field environments

Healthy tomato transplants are better able to resist the pathogen B. cinerea
that causes gray mold
- was correlated with specific changes in root microbiome and greater
productivity in the field (additional studies needed to verify relationships)
- proper nutrition is essential for reducing susceptibility to pathogens
552 PURDUE (goldilocks - not too much or too little!!)
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home messages
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Organic Growing Media for Healthy Transplants

Seedling Performance Differs ¢ Know the Media ¢ Adjust Practices to Media

= ECisimportant
High EC negatively affects emergence
After emergence, media with high EC supports quick growth
= Fertilizers enable low-nutrient media to perform well
= Even high-nutrient media may benefit from fertilizer over longer
growing periods
= Benefits of adequate nutrients:
Larger plants, earlier fruit set, earlier yield (for tomatoes)
Possibly increased disease resistance
= Media influences microbiome associated with plant roots
= Media and fertilizer influence susceptibility to pathogens

45 PURDUE
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Know the Media - Info from Supplier

Is it designed for starting | Need additional fertilizer
seeds? or nutrients?

mz01 Perfect for transplanting flowers MCI's Bloom Blaster every two
and house plants weeks

Naturally retains water

Suitable for seed starting and
PMPO  will not burn seedlings; designed
for herbs and vegetables

Small starter charge; Well-balanced air/water
mycorrhizae enriched qualities

Will feed plants up to 8 weeks
in sufficient size pot;
mycorrhizal fungi

SCOE Professional organic growing
mix and seed starter

Wide range of greenhouse . . Organic wetting agent; water
SUN1 crops Organic starter nutrient charge capacity 45%-65% by volume
No additional fertility needed
until roots fill soil mix; might ~ Wet before planting; drains
need additional fertilizer prior better than Fort Vee
to transplanting

Complete germinating and
VCFL  growing mix; recommended for
cell-tray seedlings

10



Know the Media — SME Test

Saturated Media Extract (SME) test provides information that correlates with
seedling performance

= |f nutrient content and EC are low, plan to use an appropriate fertilizer
= If ECis high:
Do not mix fertilizer into growing media before seeding
Don't let media dry out during germination
Maybe consider using a lower EC for germination and pot-up into the high
EC media
= If fertilizer is used:
Use caution when mixing into growing media to avoid high salt

concentration
Waiting to apply until after seedlings have emerged can reduce risk of
delayed emergence due to high salts

7 PURDUE | e
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Many Factors Impact Media Selection

Pot / Tray size

Chemical

Watering
lethod,
Volume

Water Quality Physical

Biological

Greenhouse Nutrient
Management

Environment

S PURDUE
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THANK YOU!
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