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PROJECT # 10-12
CONVERTING DAIRY MANURE FIBER INTO PLANT GROWING MEDIA
AS A NUTRIENT REMOVAL STRATEGY
Project Summary
Determine the viability of using dairy manure fiber, a by product of anaerobic
digestion, in growing media for commercial plant production. Fibers and
associated nutrients would be removed from dairy farms and used by plant
growers as a sustainable alternative to peat in potting mixes, thus reducing nonpoint source nutrients from farmland watersheds. Building on research done
at Washington State University, trials using digestate fiber based potting mixes
to grow annuals, perennials and woody plants will be conducted at commercial
greenhouse and nursery sites under the supervision of the University of
Connecticut. Digestate dairy fibers from different farms will tested periodically to
assess variation in nutrient, pathogen, weeds and pH characteristics.
Project Objectives
1 Develop potting mix ‘recipes’ for various plants using dairy manure fibers,

plan trial protocols, speak with farmers and advisory committee and provide a
summary of potting mix ‘recipes’ for various plants using dairy manure fibers,
a summary of plant trial protocols and activities with farmers and advisory
committee members including any supporting documentation.

2 Organize, supervise, collect and analyze data from 7 plant trials at three sites

with annuals, perennials and woody plants; develop QAPP.

3 Organize, collect and test digestate fiber from dairy farms.

Table of Contents
Executive Summary....................................................................................................................................................................................................4
Introduction....................................................................................................................................................................................................................5
The Resource and Environmental Problem.................................................................................................................................................7
The Solutions..................................................................................................................................................................................................................8
Methods and Results.................................................................................................................................................................................................9
Physical and Chemical Properties of ADDF and Potting Mixes.......................................................................................................9
Crop Production Trials............................................................................................................................................................................................10
Trial 1.....................................................................................................................................................................................................................10
Trial 2.....................................................................................................................................................................................................................11
Trial 3.....................................................................................................................................................................................................................11
Trial 4.....................................................................................................................................................................................................................12
Trial 5.....................................................................................................................................................................................................................12
Trial 6.....................................................................................................................................................................................................................12
Project Partners and Funding............................................................................................................................................................................14
Description of Methods........................................................................................................................................................................................14
Future Plans..................................................................................................................................................................................................................14
List of All Data Collected......................................................................................................................................................................................15
Data Analysis................................................................................................................................................................................................................15
Conclusion....................................................................................................................................................................................................................16
Appendix........................................................................................................................................................................................................................18

LIST OF ABBREVIATIONS
ADDF
BARK
CCAP
COIR
GDF

anaerobically digested diary fiber
aged or composted pine bark
water retention at container capacity
coconut fiber extraction residuals
ADDF:peat: perlite mix used
at Grower Direct Farm
GD2 standard peat: perlite used
at Grower Direct Farm
PBRH parboiled rice hulls
PEAT sphagnum peat
PERL perlite
PT
pourthru extract(ion)
SME saturated media extract(ion)
SPM soilless potting mix(es)
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Executive Summary
The objective of this project was to evaluate the use of anaerobically
digested dairy fiber (ADDF) a by-product of methane extraction from
dairy manure, as a renewable alternative for sphagnum peat in a wide
variety potting mixes for both greenhouse and nursery crops.
A diverse selection of 18 greenhouse and
nursery crops were grown in 9 potting mixes with
and without ADDF, in two commercial and one
research greenhouse, and evaluated for growth,
quality and nutrient uptake. Mixes with ADDF as
a partial or complete replacement for peat produced plants of equal or greater size and quality
to those grown in a standard peat-based mix for
most crops. All plants grown in ADDF-containing
media had greater tissue phosphorus concentrations than those grown in peat-based mixes.
The project supported research into growing woody or herbaceous perennials in ADDF
mixes. The robust nature of woody perennials
makes them excellent choices for test subjects
to grow in ADDF. The longer growing season of nursery crops presented an opportunity

to further investigate the physical properties
of ADDF over time, particularly shrinkage.
The results of physical and chemical evaluation
of ADDF potting mixes support the conclusion
that ADDF can substitute effectively for peat in
potting mixes, and that nutrients in ADDF can
help meet fertilizer requirements. Plant growth
trials support the potential for using ADDF as
a peat substitute. Further research is required
to determine if greenhouse and nursery irrigation and fertilization management practices
could be modified to improve results with species that did not do as well in ADDF potting
mixes. Skilled attention to chemical properties of ADDF mixes is required, which may
present a challenge for plant management.

FINAL 319 REPOR T | 4

Introduction
This project is Phase 3 of an effort
to help dairy farmers develop
options to remove excess nutrients
from manure, in order to meet
the Connecticut Department of
Environmental Protection’s (DEP)
non-point source pollution goals.
The Woodstock Nutrient Management
Feasibility Study produced by Wright-Pierce in
Phase 1 (July 2007) identified anaerobic digesters
and aerobic compost options for converting
surplus manure into energy producing and bioavailable products. Phase 1 revealed that while
an anaerobic complete mix digester was modestly
profitable on the largest farm, none of the aerobic
composting options were financially feasible.
Phase 2 (September 2009) conducted by the
Cooperative Development Institute confirmed Phase
1 findings and presented a business proposal for an
anaerobic digester system that maximized revenues
from gas and effluent and reduced the potential for
non-point source pollution from nutrients generated
by farming operations while being compatible with
and supportive of the core dairy farm business
operations and finances. Phase 2 concluded that
the profitability of a digester is dependent on
choosing an appropriate and well-engineered
design, careful management of equipment, labor
and other inputs that is integrated into the farm’s
operations, and the sale and use of four by-products:
gas, electricity, fibers and fertilizer. To enhance the
environmental sustainability of two of CT’s main
agricultural industries, and to improve digester
economics, Phase 3 was recommended: applied
research to determine whether ADDF was feasible as
a substitute for peat by CT’s horticultural industry.
Peat-based plant growing media is the industry
standard. Potting mixes for greenhouse production
typically contain 60% to 80% peat by volume. Peat is
becoming increasingly expensive and less available
due to peat bog destruction and environmental
protection laws. Growing consumer awareness and
interest in green, sustainable horticulture practices
has created an opportunity for alternatives. Phase 3
explored whether ADDF could be that alternative.
Anaerobic digestion (AD) is a biological process
in which unstable, biodegradable organic materials
are broken down by bacteria in an oxygen-free

environment. AD speeds up and contains the
process of manure decomposition, producing gas
and a stable, nutrient rich slurry. The slurry can be
separated into w fertilizer and moist, fluffy, peatlike solids, ADDF, which are nutrient rich, odor-free,
pathogen-free with significantly reduced weed seeds.
Similar to compost produced by aerobic
decomposition and like peat, ADDF is a stable product,
and is not prone to further decomposition. An
aging study conducted as part of work to determine
potential for use in potting mixes, confirmed that
the storage does not degrade the fiber or adversely
affect its use as a plant growing medium (MacConnell
2006). Because of the highly controlled nature of the
anaerobic decomposition process in the digester, if
consistency in feedstock is maintained (as on a dairy
farm vs. a commercial waste operation) the fibers
will maintain consistency as a finished product for
nutrient levels, weeds, pathogens, etc. ADDF have
the same physical characteristics as peat, including
bulk density, water retention and porosity, to support
root development with sufficient space for water and
air and to retain moisture. (MacConnell 2006, Oakley
2006, Zauche and Compton 2005, Zauche 2006)
ADDF differs from peat in several important
ways. Fibers are alkaline with a pH of 8.5 to 7.5 and
fibers contain nutrients that can be taken up by
plants; peat on the other hand is very acidic with
a pH of 3.6 to 4.2 and is not a significant source of
nutrients. Thus ADDF cannot be directly substituted
for peat, but rather need to be acidified according
to the specific needs of the plant being grown.
When separated from the digestate slurry,
ADDF is typically 60% moisture. Peat is typically
40% moisture. Drying the fibers does not adversely
affect the material. Because nutrients are water
soluble, ADDF must be stored undercover to protect
against rain, snow and other sources of water
which might unbalance the nutrient distribution.
ADDF has higher electro-conductivity (salts) than
peat due to the presence of nutrients; trials have not
shown that trait to be problematic for nutrient uptake
by plants. Fertilizer savings may be obtained over peatbased mixes, which require the addition of fertilizer
to compensate for the substrate’s lack of nutrients.
When compared to dairy compost, fibers have
better buffering capacity to maintain the pH of a
potting mix and, most important, greater porosity
(Zauche 2006 and MacConnell 2006). Since fibers
and compost values derive from the specifics of
the originating manure, quantification of typical
comparative values show ranges. Fibers and compost

FINAL 319 REPOR T | 5

have similar NKP values, e.g. fiber N= 1-2% vs. 1-3%
for compost, fiber K = 1.6 vs. compost about 0.2 - 3%,
fiber P: 0.2-1% vs. compost P 0.2-1%, and thus lower
conductivity than compost. The two materials have
comparable pH values (fiber 8.5, compost 8.4), C/N
(fiber: 20-40, compost 11-20) and conductivity (fiber
9.9, compost 11). (Alexander 2008, Zauche 2006,
MacConnell 2006, Cornell 2004, DeBruyn 2008).
Research conducted independently at the
University of Washington (MacConnell) and
the University of Wisconsin-Platteville (Zauche
and Compton), resulted in ‘recipes’ or formulas
which adjust the chemical composition of fiber
for use in soilless potting mixes. These recipes are
proprietary and have been submitted for patent
approval. Published research from these trials and
consultation with one of the leading researchers
provided baseline information from which to
develop the ‘recipes’ used in Phase 3 trials.
Phytotoxicity (toxins in the material which
harm plants) is a major concern of plant growers
and is the principal reason for their limited use of
compost (and thus a barrier to ADDF adoption).
Variability of compost is due inconsistent feedstocks
and management. Testing procedures are often
inadequate for use in high-value applications.
Issues with compost include residues of the
herbicides such as clopyralid, heavy metal content,
soluble salts, organic acids and oxygen deprivation
resulting from incomplete decomposition of
the source material. (Blewett et al. 2005)
Organix, Inc. was the first company
to commercialize ADDF as a peat
replacement. Their claims for RePeat:
In addition to looking, feeling and smelling like
peat; RePeat™ is more pH neutral than peat moss
(6.5 vs. 4.5); RePeat™ has low salt content and as a
result has low electrical conductivity; RePeat™ has
excellent porosity and water holding capacity like
peat; Cationic exchange ability is comparable to
mined peat and Bulk density (weight) of RePeat™
soil amendment is very similar to that of peat.
These characteristics are also claimed in
work done by Zauche and Compton at the
University of Wisconsin at Platteville.
They found that ADDF solids:
Contain more humic acid than
compost and within 30% of peat
Need to be mixed with other materials
for optimal plant growth
In mixes produce plants with 30 to
40% more growth than peat
Are better at maintaining pH than compost
due to a high buffering capacity

Because plant needs for moisture, nutrients
and aeration vary by type, so too must potting soil
‘recipes’ made from digester solids (or peat) vary.
MacConnell, Zauche and Compton have developed
recipes for geranium, petunia, phlox, begonia and
impatiens as well as for orchids (lady slippers).
Patent pending recipes include perlite, vermiculite
and other amendments in mixes. Their economic
analysis suggests that solids based potting mixes
would cost about 20% less than peat based
mixes. Other savings to growers may be obtained
from reductions in fertilizer and better growth
yields that can bring plants to market sooner.
As with dairy farmers, plant growers are extremely
cautious when it comes to the adoption of a new
technology or as in this case, a new potting mix. Not
only is there concern about performance (despite
published research findings), but also about changes
that would have to made in plant management
systems, for example water and fertilizer. Plant growers
would have to try the recipes in their operation to see
firsthand how the mixes worked before they would
consider making a change. Plant growers need to
be convinced of product worthiness and to assess
management impacts (labor, fertilizer, water). Thus
Phase 3 was designed to interest at least one grower
in a pilot study—growth trials using AD solids recipes
for various bedding and perennial plants. Principal
Investigator Dr. George Elliot, Associate Professor
of Horticulture, University of Connecticut who has
worked with CT horticultural industry, with the
Freund Farm ADDF cow-pot project and who had
been doing research in the substrate field added a
wealth of expertise and credibility to the study.
SUMMARY
Developing alternative uses of ADDF would
contribute to the economic feasibility of anaerobic
digesters as a technology that helps farmers reduce
opportunity for non-point nutrient discharge
from raw manure into farmland watersheds.
Diverting nutrients in ADDF from farmland to
commercial plant production would reduce fertilizer
requirements for plant growers and provide a potting
alternative that would address concerns over the
environmental impact and sustainability of continued
peat use in greenhouse mixes, up to 80% or more of
the total mix volume. Replacing all or part of the peat
used in potting mixes with ADDF represents great
potential to significantly reduce demand for peat and
the associated diminished ability of mined peat bogs
to sequester carbon and regulate water movement and
quality as well as to reduce the energy and emissions
costs of shipping peat from far northern regions.
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The Resource and Environmental Problem
The potential impact of dairy
manure as a non-point source of
watershed pollution is the impetus
for dairy farmers to adopt anaerobic
digestion to process manure.
If manure is not stored and processed properly
it can release significant amounts of nitrogen,
phosphorus and methane, a greenhouse gas almost
25 times as powerful as carbon dioxide, into the
environment. Unprocessed dairy manure is typically
spread on crop fields in the spring to maximize
nutrient availability to crops. While amending crop
fields with manure improves soil structure and recycles
some nutrients from the manure into the crop, much of
the nutrition can be lost in the form of runoff. When
manure is applied to the same fields year after year
nutrients, especially phosphorus, can accumulate
excessively and slowly leach out, polluting water
resources.
Anaerobic digestion is an alternative way to process
manure in which manure is fermented in an oxygenfree environment. Anaerobic digestion allows farmers
to reduce odors and collect the methane produced by
the fermentation process for use as a biofuel. After
anaerobic digestion is complete, the solid and liquid
fractions are separated; the solid fraction is ADDF.
Anaerobic digester systems can be used to reduce
odor, stabilize and contain manure as well as capture
methane for use as a biogas fuel. Methane can be
sold or used for onsite energy production. Currently,
the fibrous solids left over after digestion is complete
(ADDF) are usually used for animal bedding and
spread on crop fields as is done with raw manure.
Finding a more lucrative use for ADDF would generate
new revenue for dairy farmers and incentivize the
adoption of anaerobic digester systems.
Peat based potting mixes have been an industry
standard since the introduction of Cornell University’s
“peat-lite” mix in the 1960s. Today concerns over the
environmental impacts of harvest and shipping have
led many to question its sustainability. Peat has a
distribution of large and small pores that gives it
excellent water holding capacity and aeration, ideal for
the growth of plant roots. Peat is also easily adaptable
to a wide variety of growing practices, media blends
and crops. Peat owes much of its desirable attributes
to the way it is formed; under anaerobic conditions

in peat bogs. These conditions preserve the fibrous
cellulose structure of the plants the peat is formed
from.
Peat is mined from peat bogs which serve a
variety of ecological functions including carbon
sequestration and regulating water movement and
quality. Harvesting peat from deep in the bogs can
quickly remove hundreds of years of peat accumulation
and release significant amounts of carbon into the
atmosphere. This drastically alters the chemical,
physical and biological composition of peat bogs. Peat
is harvested by cutting strips from peat bog up to 1
meter deep. Peat only reforms at a rate of 1-2 mm per
year so each harvest represents hundreds of years of
peat formation. While efforts to restore peat bogs after
harvest are commendable, it is questionable whether
ecological functionality can ever be completely restored
or whether peat is a truly renewable resource. Most
peat is produced in cold, northern regions and must be
shipped long distances to more temperate horticultural
areas contributing further to fossil fuel consumption
and carbon emissions. All of these environmental
concerns have fostered a search for more sustainable
alternatives to peat in potting media.

SUMMARY
The greenhouse, nursery and dairy industries are
important to the New England economy and generate
about one third of all agricultural cash receipts in
New England (New England Agricultural Statistics,
2012). The environmental horticulture industry of
New England represents almost 5 billion dollars,
11,900 firms, and 156,000 jobs and is growing. Nursery
production represents a significant portion of this
industry with almost half of New England horticultural
firms engaged in some kind of production enterprise
(New England Nursery Association, 2009). The dairy
industry of New England has historically been, and
continues to be a vitally important part of the region’s
economy contributing over 3 billion dollars to the
region’s economy annually. ADDF shows promise as a
locally sourced, inexpensive, sustainable alternative to
peat for growers in the Northeast.
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The Solutions
Marketing ADDF as a useful
horticultural material, in conjunction
with methane production, can provide
another source of income for dairy
farmers and provide a solution to
the waste management problems
associated with raw manure.
Methane extraction from manure shows great
promise, but revenue generated by energy production
alone is often not enough to offset the costs of
constructing and operating anaerobic digesters.
If ADDF were proven as a high quality media
component, it would be a value-added product to
augment dairy costs. The demand for ADDF from
growers would be an added incentive for dairy farmers
to adopt the more sustainable anaerobic manure
digestion systems. Additionally, if ADDF were used in
a growing media, nutrients that would otherwise be
lost as pollutants would be used for plant nutrition.
Greenhouse mixes typically contain a large
proportion of peat, up to 80% or more of the total mix
volume. Replacing all or part of it could represent
a great potential to significantly reduce demand for
peat. While nursery mixes usually contain a smaller
proportion of peat than greenhouse mixes, nursery
crops are generally grown in larger pots and require
a larger volume of media so a smaller proportion of
peat in a larger volume of media still accounts for a
significant amount of peat consumed.
Peat and ADDF have many similarities in how
they are formed and in their physical properties. Both
materials are formed under anaerobic conditions
in which they are fermented by similar microbes.
Anaerobic digesters have even been referred to as
“short term, renewable peat bogs”. An analysis of
physical properties showed that peat and ADDF
have similar water holding capacity, porosity and
bulk density. There are, however, some important

differences between the chemistry of peat and ADDF.
Peat is quite acidic with a pH less than 5, whereas
ADDF is somewhat alkaline, with a pH greater than
7.5. ADDF also contains significant quantities of
soluble nutrients, especially phosphorus. However, it
also contains higher concentrations of total soluble
salts than peat. In the growth trials at UConn, the
availability of these nutrients to plants was evaluated
to determine if additional nutrition provided by ADDF
could reduce fertilizer inputs.

ADDF RECIPES
ADDF can be used as a partial or complete
substitute for peat in combination with other bulk
components such as composted bark, coir, perlite
and parboiled rice hulls. Following are two recipes
for ADDF potting mixes that have been used in
greenhouse and nursery production, respectively:
40% PEAT: 40% ADDF: 20% PERLITE
• Add gypsum at about 2.5 lbs/yd3 (4 kg/m3)
50% BARK: 33% ADDF: 17% SAND or
PERLITE
• Add gypsum at about 2.5 lbs/yd3 (4 kg/m3)
• Sand for outdoor production in large pots
where a higher bulk density is desirable;
perlite for small pots and protected
cultivation
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Methods and Results
Following a review of the dairy
fiber as peat substitute literature
and consultation with the Project
Researcher from Washington
State University (WSU), Craig
MacConnell, two basic criteria
for dairy fiber were developed:
1) Determine use of copper sulfate if any
in animal foot baths. Fiber that is free of or with
very low levels of copper sulfate is appropriate.
2) Determine storage conditions. Dairy fibers that are
stored on a slab and under cover are appropriate.
Following site visits and a preliminary assessment
of fiber suitability, an appropriate farm was identified,
Freund Farm, East Canaan, CT. The farm’s involvement
and ADDF were obtained. The Principal Investigator,
Dr. George Elliott, UConn collected a sample and sent
the material for testing according to WSU protocols.
The fibers tested lower in pH and salts than fibers in
west coast studies. While a positive finding, it meant
that the ‘recipes’ developed in the WSU trials could
not be exactly replicated as planned. Recipes were
adjusted to meet substrate suitability for plant growth.
Blending, incubation and testing of ADDF
integrated potting mixes was conducted at UConn
to make sure the substrate was appropriate for the
greenhouse and nursery trials. The trial potting mix
for the first trials was sampled and tested for pH, EC
and soluble macronutrients at intervals for 2 weeks.
Adjustments were made and blended, incubated,
tested and sampled. Potting mixes contained ADDF,
peat or coir, and perlite or parboiled rice hulls.
Growing trials for selected herbaceous and
woody plants were conducted at three locations:
two commercial growers and at the University
of Connecticut Floriculture Greenhouse. In most
trials, plant growth in potting mixes containing
ADDF was compared with commercial potting
mixes. Potting mixes were extracted during crop
production to evaluate nutrient availability. Plant
tissue was analyzed to evaluate nutrient uptake.

A. PHYSICAL AND CHEMICAL PROPERTIES
OF ADDF AND POTTING MIXES
ADDF was obtained from Freund Farm, East
Canaan, CT in November 2011, May 2012 and January
2013. The material was taken from static piles stored
on a concrete floor in a storage barn. The samples
taken in 2011 and 2013 were hand collected from
random locations near the surface of the pile after
scraping away the outer layer. Material was warm and
somewhat odorous. In 2012 larger quantities were
collected with a backhoe and shipped in bulk bags to
UConn and Grower Direct Farm, Somers, CT. The
material was sampled as received from the farm.
Samples from the November 2011 batch were
analyzed by the Soil and Plant Laboratory, Inc. This
lab uses proprietary versions of standard methods to
evaluate physical and chemical properties of soils and
growing media. Physical properties were evaluated in
4 inch and 6 inch columns (Tables 1 – 2). Parameters
included container capacity (CCAP; volumetric water
retention after saturation and free drainage), bulk
density, water retention and aeration at tensions up to
50 centibars. Differences between the 4- and 6-inch
columns were negligible. CCAP was about 66% and
aeration at CCAP about 20%, amounting to a total
porosity of 86%. Readily available water, calculated as
the difference between CCAP 50 centibars tension, was
about 35%. Bulk density reported in lbs./cu.ft. was 60
for saturated material, 47.5 at CCAP and 6.7 when dry.
Electrical conductivity (EC) in a saturation
extract was 1.9 dS/m, considered tolerable for crops
(Table 3). However, the concentration of Sodium
was 10.8 meq/L, which might restrict the use of
ADDF for salt-sensitive crops. The pH was 7.4, a
level taken to indicate slight alkalinity. Available
Nitrogen was considered very low, and dominated
by Ammonium. Potassium concentration was very
high, while Calcium was very low and Magnesium
optimum, with a Ca: Mg ration of about 1:1. Zinc
concentration was very high and Iron was low, but
other micronutrients were in the optimum range.
Samples from the May 2012 batch were analyzed
by the JR Peters Laboratory. Physical properties
were evaluated using the NCSU porometer (Table
4). The results for CCAP were similar to the previous
test at about 65%, but the porometer method
indicated substantially less air space at 7%. The
dry bulk density was similar at about 7.3 lbs./cu.ft.
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Chemical characteristics were evaluated in saturated
media extracts (SME). Values were qualitatively
similar to those obtained with the previous samples
(Table 5). However, the EC was higher than the
normal range at 3.78 dS/m, while Zn and Fe
concentrations were within the normal range.
Due to uncertainty regarding funding for
analytical services at the time, material collected
for trials in 2013 was not analyzed as extensively as
the previous samples. However, samples of new
material as well as material remaining from the
2012 batch were dry-ashed and sent to the UConn
Soil Nutrient Analysis Laboratory and tested for
total content of macro- and micronutrients (Table
6). Results indicated that the differences between
batches were negligible. Concentrations of P, K,
Ca and Mg on a dry weight basis were higher in
the old material, probably as the result of microbial
respiration and loss of C during storage.
Physical and chemical properties of ADDF were
determined unsuitable for use as a sole component
potting medium. In particular, high pH and EC
indicated that ADDF would have to be blended
with other materials for use in potting mixes. Mixes
containing ADDF blended with sphagnum moss peat
(PEAT) or coconut fiber processing residuals (COIR)
and perlite (PERL) or parboiled rice hulls (PBRH)
were evaluated. Peat and coir were used as bulk
components in equal proportions to ADDF. Peat is
strongly acidic and has low EC so could counter the
alkalinity and high EC of ADDF. PERL and PBRH
were used to improve drainage and aeration. The
first mix evaluated was a blend of 40% ADDF, 40%
peat and 20% PERL amended with gypsum at 1.2
kg/cu. m. This mix (GDF) was used for garden mum
production as a substitute for the standard mix used
at Grower Direct Farm (GD2), which contains 80%
peat and 20% perlite plus lime and gypsum. GDF had
physical properties similar to GD2 (Table 7). Although
total porosity and CCAP were slightly lower in GDF
than GD2, aeration was slightly higher. As expected,
GDF pH and EC were lower than ADDF (Table 5).
Addition of gypsum increased Ca and S concentrations
in SME. Concentration of P increased in GDF
compared to ADDF, possibly the result of neutralizing
alkalinity, which could decrease P solubility.
ADDF was stored on site approximately 2 months
prior to use in trials in 2012. During this period the
pH evidently decreased as a result of nitrification.
The GDF mix prepared for trials had lower pH and
higher NO3-N but lower NH4-N and P concentration
than the preliminary test mix (Table 8). A preliminary
trial was conducted with a mix of 40% ADDF: 40%
COIR: 20% PERL (DCF). The pH of coir is near

neutral, and the mix therefore had much higher pH.
Four potting media containing ADDF were
evaluated in 2013. All mixes contained 40% ADDF.
Two mixes were blended with 40% PEAT and 2
with 40% COIR. Two mixes contained 20% PERL
and 2 contained 20% PBRH. These mixes were
compared with a commercial potting mix containing
approximately 80% PEAT: 20% PERL. In trials
conducted in spring 2013, only the peat mixes were
evaluated. Preplant SME results were similar to
previous trials (Table 9). In trials conducted in
summer and fall 2013, both peat and coir mixes
were evaluated. COIR mixes had significantly lower
CCAP but greater aeration than PEAT mixes (Table
10). PBRH increased porosity compared to PERL.
The pH of ADDF: PEAT mixes used in these trials
was somewhat higher than previously observed.
A trial to evaluate the use of elemental sulfur
(S) to neutralize alkalinity in ADDF mixes. was
conducted. Samples were incubated 3 weeks
at 20 C and subsamples were taken for pH
measurement during the incubation period. pH
equilibrated within about 2 weeks of incubation
(Table 11). Addition of S decreased pH, but the
effect of increasing S was not consistent. pH
decreased more in PEAT mixes than COIR.

B. CROP PRODUCTION TRIALS
Trial 1
Grower Direct Farm (GDF) and University
of Connecticut Floriculture Greenhouse
(UConn), garden mum trial, summer 2012.
Potting mix containing 40% ADDF: 40% PEAT:
20% PERL was prepared at Grower Direct Farm
(GDF) on July 18, 2012 using an auger mixer and
used immediately to fill 8-inch pots. Garden mum
liners propagated at the farm and left over from their
scheduled plantings were transplanted by hand and
moved immediately to an outdoor field. Pots were
irrigated using drip tape. After initial irrigation with
water, pots were fertilized at every irrigation with a
18-3-18 fertilizer solution at 100 mg N/L. A 20-1020 fertilizer at 200 mg N/L was applied on August
24. Flowable lime was applied once during the week
of July 31. Pour-thru (PT) extracts were collected on
August 14 and 29. SME samples were collected from
pots August 21. Median mature leaves were collected
on August 29 for nutrient analysis. Six pots of GDF
mix were relocated to the University of Connecticut
Floriculture Greenhouse (UConn) for a trial comparing
the GDF mix with DCF mix prepared at UConn. PT
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extracts were collected one week after planting for
both GDF and DCF mixes. Flowable lime was applied
twice to GDF mix following the initial PT extract. A
second PT extract was collected after the flowable lime
applications. Plant growth was evaluated visually
and photographs were taken to document crop
appearance on August 7, 22 and 29 and October 26.
SME of GDF mix collected by the grower 1 week
after planting indicated pH was low but within
normal range (Table 12). PT extracts collected
following the flowable lime application indicated
pH remained within normal range. EC values were
low until after the 20-10-20 fertilizer application.
Phosphorus concentration decreased to 4.3 mg/L,
below the normal range, but increased to the
normal range following the 20-10-20 application.
Leaf tissue nutrient analysis indicated that all
nutrients except Zn were within normal limits.
Although the crop was planted late and the
liners were past their prime, they established
quickly and developed normally. On August 3 the
grower reported “The crop looks good, good foliage
color and the roots are developing normally”. A
photograph taken on August 7 (Figure 1) shows that
the plants in GDF mix (on the right in the photo)
appear healthy. By August 29 (Figure 2) the plants
had filled out, and by mid-October (Figure 3) had
matured to produce a commercially acceptable crop.
In the parallel trial at UConn, a rapid decrease in
pH in the GDF mix was notices but not the DCF mix
with coir (Table 8). A PT extract taken 1 week after
planting had a pH of 4.49, well below the normal
range and at a level which could cause problems
with excessive micronutrient availability. Two
applications of flowable lime corrected the problem.
Trial 2
Freund Farm, bedding plant trial, Spring 2013
A mix consisting of 40% ADDF: 40% PEAT:
20% PERL was prepared at UConn using ADDF
collected at Freund farm in January 2013. The mix
was delivered to the greenhouse at Freund Farm
on March 20, 2013. The grower established a trial
comparing ADDF mix with their standard growing
mix, Fafard 1-P. The grower filled 4” CowPots®
and planted a variety of spring annuals. Pots were
irrigated by hand and fertilized with Plantex 19-219 at 100 mg N/L. The trial was evaluated visually
on April 29. The plants growing in the two mixes
were indistinguishable (Figures 4 -6). A few petunias
showed signs of iron deficiency, probably due to
alkalinity from ADDF (Figure 7). However, most
appeared normal (Figure 8). The grower reported

there were no problems with the ADDF mix.
Trial 3
UConn, bedding plant trial, Spring 2013
Two mixes using ADDF, PEAT and PERL or PBRH
in the same proportions: 40% ADDF: 40% .SPM: 20%
PERL or PBRH. Mixes were amended with gypsum at
4 kg / m3. Sunshine mix #2 was used as a commercial
control. Plants were potted in these mixes in 3.5 or
4” pots. Violas were potted in 3” Cowpots. Test plants
were Pansy ‘Karma White’, Viola ‘Penny Jump-up’,
Petunia ‘Fusable Vogue’, Geranium ‘Pinto Dark Rose’
(from seed) and Geranium ‘Patriot Red’ (from cuttings).
Plants were grown on in greenhouse compartments
with temperature set points appropriate for the species.
Plants were irrigated using overhead hand watering
initially, then in sub-irrigation trays. Constant liquid
feed was provided with Plantex 19-2-19 at 100 mg N/L.
Photographs confirmed visual evaluations that
pansies grown in both ADDF mixes were noticeably
smaller and paler than those in the control (Figures
9-10). However, violas grown in the ADDF mixes
in Cowpots were larger and more floriferous than
the control (Figure 11). Petunias grown in the
ADDF+PBRH mix were pale and smaller than those
in ADDF+PERL, but both ADDF mixes produced
larger plants than the control (Figure 12). Seed
geraniums were drastically affected by potting mixes
(Figure 13). Seedlings planted in the ADDF+PBRH
mix were severely stunted and 19% of the plants were
dead or moribund by the end of the trial. Plants in the
control mix were not as stunted, but 44% were dead
or moribund. Plants in the ADDF+PERL mix were
somewhat pale, but larger than the controls and there
was no mortality. Geranium cuttings grown in ADDF
mixes were somewhat paler than the controls, but
there was no apparent difference in size (Figure 14).
Shoot fresh weights were measured following
harvest of mature plants from each crop. Plant tissue
was then dried, ground and ashed for P analysis.
Pansies in ADDF:PERL were not significantly different
from the control, but plants in ADDF:PBRH were
significantly smaller (Table 14). Violas grown in
ADDF mixes were not significantly different from
each other, but were almost twice as large as the
controls. Petunias grown in ADDF:PERL were larger
than those in ADDF:PBRH, which were larger than
the controls. Geraniums from seed were significantly
larger in the control mix than in ADDF mixes, but
mix had no effect on geraniums from cuttings.
Concentration of P in leaf tissue was significantly
greater with ADDF mixes than the control.
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Trial 4

Trial 5

UConn, garden mums trial, Summer 2013

UConn, Cyclamen trial, Fall 2013

A previous trial with garden mums at Grower
Direct Farm during summer 2012 demonstrated that
a commercially acceptable crop could be produced
with a mixture of 40% ADDF: 40% PEAT: 20% PERL.
However, that trial was limited to a single formulation
and did not include a control. The 2013 trial at UConn
was conducted to evaluate different ADDF mixes
and compare them with a commercial control. The 4
formulations were 40% ADDF: 40% PEAT or COIR:
20% PERL or PBRH. ADDF mixes were amended with
gypsum at 4 kg/m3. Sunshine mix #2 (80% peat: 20%
perlite) was used as a commercial control. Cuttings
of garden mum ‘Hanki Yellow’ were transplanted in
standard 8 inch mum pans on July 2. Plants were
grown outdoors (Figure 15) using standard cultural
practices. Pots were watered daily as needed using a
precision drip irrigation system. Constant liquid feed
was provided with Plantex 19-2-19 at 100 ppm N.
The plants grown in the control mix were noticeably
larger than those in the ADDF mixes (Figure 16).
Among the ADDF mixes, PEAT was superior to COIR,
and PERL (DFPP and DFCP) was superior to PBRH
(DFPR and DFCR). These observations were supported
by size and fresh weight measurements (Table 15 I.).
Plants grown in the ADDF mixes containing 20% PERL,
though smaller than the control, were still commercially
acceptable. Plants grown in mixes containing 20%
PBH were too small and immature. Visual observation
indicated that plants in COIR mixes were subject
to water stress, suggesting that increased irrigation
frequency might have improved plant growth. Since
all the pots were irrigated on the same system, it was
not possible to adjust irrigation frequency to each mix.
SME extracts showed that although the pH
of all the mixes at midcrop was within the range
6.4 to 6.7, the pH of ADDF mixes increased while
the pH of the control decreased (Table 15 II.). PT
extracts inconsistent results, but COIR mixes
tended to have lower concentrations of NH4-H
and NO3-N than PEAT mixes or the control.

Two varieties of miniature cyclamen, Winfall White
and Silverheart White, were planted on August 14
in 4 inch pots in freshly mixed batches of the same
media as the garden mum trial. The ADDF mixes
had elemental S incorporated at 3 kg/m3 in addition
to gypsum at 4 kg/m3. The crop was grown using
standard procedures. After initial overhead irrigation
with water, pots were placed in sub-irrigation trays
and supplied with 19-2-19 fertilizer at 100 mg
N/L. Plant size was evaluated on November 20 by
measuring the height and average width. Canopy
volume was calculated as the product of height
and width assuming a hemispherical shape. Plants
grown in ADDF:PEAT mixes were not significantly
different from the control, but plants grown in
ADDF:COIR were smaller (Table 16 and Figure 17).
Trial 6
UConn, Poinsettia trial, Fall 2013
On August 23, 2013 poinsettia liners were
transplanted into 6 inch jumbo azalea pots with
the same potting mixes as the cyclamen trial. After
initial irrigation with water, pots were placed in
sub-irrigation trays and supplied with 19-2-19
fertilizer at 100 mg N/L. A strong sulfur odor was
noted in the ADDF mixes. Preplant SME indicated
pH was within normal limits (Table 17). The EC of
ADDF mixes was high, but considered tolerable for
poinsettias. PT extracts collected on September 11
showed that pH had decreased to 4.4 to 4.6 in ADDF
mixes, probably as the result of sulfur oxidation.
The EC in ADDF mixes had increased to 6.2 to 7.0.
Plants in the ADDF:COIR mixes exhibited chlorotic
mottling of leaves. ADDF mixes were leached with
water on September 11, 12 and 13 and treated with
flowable lime on September 16 and 19. However, by
September 19 the leaves of plants in ADDF media
were progressing from chlorosis to necrosis. The
damage persisted and the experiment was terminated
on October 2. Although leaching and flowable lime
applications had reduced the EC and increased the
pH to within normal limits, the crop was a total loss.
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RESULTS
Crop production trials to evaluate ADDF potting
mixes were conducted at different locations. Irrigation
and fertilization practices were the same as for crops
grown in standard commercial potting mixes.
At one grower location, ADDF potting mix
produced a commercially acceptable crop of
garden mums. In another grower trial, growth of a
variety of bedding plants in ADDF potting mix was
indistinguishable from commercial controls. In UConn
trials, results with ADDF potting mixes were variable.
With several crops ADDF potting mixes produced
plants equal to or larger than the control, but with
some crops plants grown in ADDF potting mixes were
smaller than the control. Plant tissue samples had
significantly greater P concentration with ADDF mixes
than controls.
The most serious problem associated with the use
of ADDF in potting mixes was pH management. As
received, ADDF is alkaline in reaction and the alkalinity could be neutralized by mixing with sphagnum
peat. If ADDF is mixed with coir, which is near neutral
in reaction, elemental sulfur is recommended to acidify
the mixture. However, the reaction of elemental sulfur
is dependent on microbial activity, so is subject to considerable variability. Furthermore, pH of ADDF is not
stable, as microbial conversion of ammonium to nitrate
can lead to rapid acidification. As in the case of sulfur
oxidation, the process is highly variable. In some trials
this led to development of excessive acidity in mixes
containing ADDF.
A preliminary analysis of various ADDF-containing
media helped to identify some blends that were
most similar to a standard peat-based mix for use in
subsequent plant growth trials. Mixes that combined
ADDF with other alternative media components such
as coconut fiber (coir) and parboiled rice hulls (PBRH)
were also evaluated to determine the adaptability
of ADDF in a diversity of mixes. The media analysis
showed that the physical properties, including porosity,
water holding capacity and bulk density of mixes with
peat-ADDF-perlite, peat-ADDF-PBRH, coir-ADDFperlite and coir-ADDF-PBRH in a 2:2:1 ratio were
similar to a peat-perlite greenhouse mix in a ratio of
4:1. Likewise, nursery mixes containing bark-ADDFsand or bark-ADDF-perlite in a 4:2:1 ratio had similar
physical properties to analogous mixes with peat in
place of ADDF.
Mixes containing ADDF did, however, differ from
peat-based mixes in some chemical properties. Raw
ADDF has a high pH (7.5 or higher) whereas peat is
generally acidic (below pH 5). The high pH of ADDF
makes it unusable as a complete replacement for peat
in greenhouse mixes unless it is amended with ele-

mental sulfur. However, adjusting the pH with sulfur
can be tricky. Fortunately, the preliminary media analysis revealed that when ADDF and peat are blended in
1:1 proportion they neutralize each other and arrive at
a pH suitable for plant growth (around 6.0-6.5). However, when ADDF was mixed with near pH neutral coir,
the final product had a pH slightly higher than ideal
for plant growth (6.7-7.0). In a standard peat-perlite
mix, lime is added both to raise the pH of the mix and
to supply plants with calcium. In the ADDF-containing mixes, pH was in an acceptable range before liming
so gypsum was used to add calcium without greatly
changing the pH. Potting mixes containing ADDF had
higher soluble salt content, greater alkalinity, and higher concentrations of nitrogen and phosphorus. They
were also less stable, as pH sometimes changed rapidly
during storage and use.
Under the supervision of Dr. Elliott, Jack Lamont,
a UConn graduate student, conducted additional
trials with poinsettia, woody plants, and herbaceous
perennials and assessed the nutrient availability and
physical characteristics of ADDF over time. Chapter 1
of Lamont’s MS thesis included in the Appendix adds
to the description of trial methodology and results.
SUMMARY
For most crops, at least one mix containing ADDF
yielded plant growth results equal to or better than the
plants grown in the standard peat based mix.
In some crops, such as viola, petunia, poinsettia,
ninebark and cranberrybush viburnum, plants grown
in an ADDF-containing mix were of much higher
quality than those grown in the peat-based mix. The
variability in results was likely due to the fact that all
management decisions were based on established
management practices for peat-based mixes. Slight
differences between ADDF and peat likely necessitate
slightly different growing practices to achieve optimal
results from ADDF.
The results of physical and chemical evaluation
of ADDF potting mixes support the conclusion that
ADDF can substitute effectively for peat in potting
mixes, and that nutrients in ADDF can help meet
fertilizer requirements. Plant growth trials also support
the potential for using ADDF as a peat substitute. We
found that with some species ADDF potting mixes
can produce crops equivalent or superior to a standard
commercial potting mix. Further research would
be required to determine if established irrigation
and fertilization management could be modified to
improve results with species that did not do as well
in ADDF potting mixes. Skilled attention to chemical
properties of ADDF mixes is required, which may
present a challenge for management.
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Project Partners and Funding
CT RC&D: Project management,
grant oversight and outreach
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Institute: Project Coordinator responsible for
coordinating project tasks and deliverables.
George Elliott, Ph. D. Associate Professor of
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Craig MacConnell, Washington State University,
Whatcom County, Cooperative Extension
Director, Research Consultant responsible for
advising project investigators and farmers
on ADDF potting mixes and protocols.
Grower Direct: Trial site for greenhouse annuals;
responsible for bench space, materials and staff.
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Jaquier Farm: responsible for pick-up
and delivery of ADDF to trial sites.
UConn Floriculture Greenhouse: Trial site for
annuals and woody perennials; responsible
for bench space, materials and oversight.
CT DEEP 319 Nonpoint Source Grant, funding

Future Plans
Adoption of anaerobic digestion for dairy manure
management will depend on economic and regulatory
factors that overshadow the potential use of ADDF in
potting mixes.
If market research indicates specific potential
for ADDF potting mixes, then further work will be
required to evaluate the characteristics of the ADDF
available from different dairy operations so that they
can be aggregated consistently and recipes will be fine
tuned for specific uses. Since many growers prefer to
purchase ready-made potting mix, an enterprise could
be developed to blend and deliver bulk material. A
high level of quality assurance would be required, as
well as technical support for growers using the mix.

The Connecticut Department of Energy and Environmental
Protection is an Affirmative Action/Equal Opportunity
Employer that is committed to complying with the
requirements of the Americans with Disabilities Act.
To request an accomodation contact us at (860) 4185910 or email deep.accommodations@ct.gov

Description of Methods
Please refer to the report narrative and materials in the
Appendix ie. Lamont Chapter 1, & QAPP materials.
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List of all Data Collected
1. DATA REFERENCED IN THE FINAL REPORT
Tables 1, 2 & 4. Laboratory analysis of
physical properties of ADDF
Tables 3, 5 & 6. Laboratory analysis of
chemical properties of ADDF
Table 7. Physical properties of potting mixes used
for Grower Direct Farm garden mum trial
Table 8. Chemical properties of potting mix used
for Grower Direct Farm garden mum trial
Table 9. Chemical properties of ADDF potting
mixes and control used in 2013 UConn trials.
Table 10. Physical properties of ADDF-containing
potting mixes and control used in 2013 UConn trials.
Table 11. Effect of elemental sulfur additions on
pH of ADDF and ADDF-containing mixes
Table 12. PourThru and Saturated Media extracts of
ADDF-containing mix collected during the course
of the Grower Direct Farm garden mum trial.
Table 13. Leaf tissue nutrient analysis of garden
mums from Grower Direct Farm trial.
Table 14. Shoot fresh weights of plants grown
in ADDF-containing potting mixes and peatperlite control from UConn bedding plant trial.
Table 15. Shoot fresh weight of garden mums,
saturated media and pourthru extracts from ADDFcontaining potting mixes and peat-perlite control
from UConn garden mum trial summer 2013.
Table 16. Canopy volume of cyclamen grown in ADDFcontaining potting mixes and peat-perlite control.
Table 17. pH and EC of ADDF-containing
potting mixes and peat-perlite control used
in UConn poinsettia trial fall 2013.

2. LAMONT MS THESIS CHAP 1;
PREVIOUSLY UNREPORTED DATA
Table 1.1. Water retention and bulk density of
ADDF-containing potting mixes and peat-perlite
control used in UConn greenhouse crop trials.
Table 1.2. Water retention and bulk density of
ADDF-containing potting mixes and controls
used in UConn nursery crop trials.
Table 1.3. Volume loss of ADDF-containing potting
mixes and controls used in UConn nursery crop trials.
Table 1.4. Shoot tissue nutrient analysis of bedding
plants from UConn greenhouse crop trials.
Table 1.5. Canopy volume and maturity rating
of garden mums grown in ADDF-containing
potting mixes and peat-perlite control.
Table 1.6. Shoot fresh and dry weights and height

of poinsettias grown in ADDF-containing potting
mixes and peat-perlite control at UConn Fall 2014.
Table 1.7. Leaf tissue nutrient analysis of
poinsettia from UConn Fall 2014 trial.
Tab 1.8, 1.9, 1.10, 1.11, 1.12, Fig 1.15. Growth of
herbaceous perennials (Brunnera, Coreopsis,
Shasta Daisy, Liatris & Phlox) in BARK: ADDF: PERL
potting mix compared to BARK: PEAT: PERL
Figure 1.1. Shoot fresh weights of plants grown
in ADDF-containing potting mixes and peatperlite control from UConn bedding plant
trial. (note; same data as in Table 14 of 2013
report with addition of data for cucumber).
Figure 1.2. Shoot tissue phosphorus concentration of
plants grown in ADDF-containing potting mixes and
peat-perlite control from UConn bedding plant trial.
Figure 1.4. Composite overview of of plants grown
in ADDF-containing potting mixes and peatperlite control from UConn bedding plant trial.
Figure 1.6. Phosphorus concentration in
PourThru extracts from ADDF-containing
potting mixes and peat-perlite control in
poinsettia trial at UConn Fall 2014.
Figure 1.7. Overview of plants in
poinsettia trial at UConn Fall 2014.
Fig 1.8, 1.10, 1.11; Growth of woody plants (silky
dogwood and button bush) in BARK: ADDF: SAND
potting mix compared to BARK: PEAT: SAND
Fig 1.9; P concentrations in PourThru
extracts of BARK: ADDF: SAND potting
mix compared to BARK: PEAT: SAND
Fig. 1.12, 1.13; Growth of woody plant cuttings
(ninebark, cranberry bush viburnum) in BARK: ADDF:
SAND potting mix compared to BARK: PEAT: SAND
Fig 1.16; Cumulation leaching of P from BARK:
ADDF: PERL potting mix compared to BARK: PEAT:
PERL planted with herbaceous perennials

Data Analysis
Refer to the Final Report Narrative and Appendix

FINAL 319 REPOR T | 15

Conclusions
The results of physical and chemical
evaluation of ADDF potting mixes
support the conclusion that ADDF can
substitute effectively for peat in potting
mixes, and that nutrients in ADDF can
help meet fertilizer requirements.
Plant growth trials support the potential for
using ADDF as a peat substitute. Further research
would be required to determine if irrigation and
fertilization management could be modified to
improve results with species that did not do as
well in ADDF potting mixes. Skilled attention to
chemical properties of ADDF mixes is required,
which may present a challenge for management.
PROBLEMS OR DIFFICULTIES EXPERIENCED
AND HOW THEY WERE RESOLVED
The project was developed in 2009 and funded
2 years later. Work got underway in the fall of 2011
beginning with a site visit by Craig MacConnell,
the Project’s research consultant. MacConnell had
done original research using amended digestate
fibers as a substrate that could replace peat in
growing annuals. MacConnell took digestate fibers
from one dairy farm, amended the material and
successfully grew petunias. The objective of this
project was to replicate MacConnell’s results using
fibers from multiple dairy farms and amending the
material to grow annuals, perennial and woody
plants at three commercial greenhouse locations.
1. After visiting with MacConnell and learning
more about his work beyond what had been
published, we made several project modifications:
a. Because woody plant growing media use very
little peat and because MacConnell had never
worked with any of these types of plants, we
determined it would be more useful to organize
trials with different annuals. This eliminated
the need for the grower site at the nursery that
specialized in woody plants. The planned site
at Sunny Borders was replaced with UConn.
b. Project review discussions recommended
that the project focus more on annuals, the
most largest user of peat in mixes (80-85%
of potting material), and perennials, that
uses about a 20% ratio of peat in a mix.

2. After a more than 4 month delay in invoice
processing/payment, the Project research
consultant dropped out of the project. Further
delays in invoice processing/payment lead to an
overall delay in getting the second round of trials
organized. These delays were compounded by
the renovation of the UConn greenhouses.
3. From October to December 2012 the
project was on hold due to lack of funds
and seasonal lag in greenhouse production
activity. Cooperative Development Institute
agreed to cover project expenses for materials,
testing etc. in advance of reimbursement.
4. The project originally proposed locations at
grower greenhouses as trial sites so that the
growers would experience first hand the results
of substituting peat with ADDF. However from
a research perspective we decided it would be
advisable to have a control site to account for
any inadvertent grower induced error such as
staff not watering plants or adding supplements
properly, etc. and to provide opportunity for very
close observations and adjustments. The UConn
Floriculture Greenhouse was added to insure that
a well-designed study is well-executed so that
the project has good results to show growers
5. We learned that mixing fibers from different farms
could introduce variability not present in the
original research. As this study was designed for
replication, it was preferable to conduct trials with
fibers from one farm. We made a change made to
source fiber from one farm, the Freund farm, only.
The Jaquier farm provided transportation of fibers.
6. When we began organizing the trial locations, we
discovered that during the period between when
the proposal was written and when the project was
funded, one of the project’s commercial growers
stopped mixing their own potting media. The
grower’s change to a pre-mix made the nursery
no longer a viable research site as they were no
longer a potential user of bulk ADDF. The grower
was dropped from the project and replaced with
the Freund farm as a site to grow spring bedding
plants in another digestate product: cow pots.
7. These changes required an extension of the Project
completion date to October 1, 2013. Trials at
UConn allowed for more intensive research on
dairy fiber mix formulation and nutrient supply
and allow closer monitoring. Trials at the Freund
Farm begin in the Spring 2013 and evaluated dairy
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fiber mix in a small scale greenhouse producing
a diverse mixture of bedding and garden plants.
8. Fibers were tested to compare potting mixes
with dairy fiber substituted for peat moss in
the standard mixes and based on those results,
preceded to grower trials. A trial of dairy fiber
potting mix for garden mums was set up at Grower
Direct Farms 2012. While not able to start until
the end of August 2013 due to comprehensive
renovations, a concurrent trial was conducted
at UConn. Potting mix was monitored at both
sites and adjustments made as needed.
9. To catch up and to expand the amount of research
(more species, more data) to be accomplished
in a shorter time period, in 2013 the project
decided to involve undergrad and graduate
students. Funds were shifted to support these
students and leveraged to secure a SARE
grant.. A UConn graduate student conducted
additional research on the following topics:
a. Formulating potting mixes using dairy fiber
as a substitute for peat moss with emphasis
on providing desirable physical properties.
b. Evaluating nutrient availability from dairy
fiber in potting mixes with emphasis
on nitrogen and phosphorus.
c. Developing fertilization strategies to
effectively utilize the nutrients provided
by dairy fiber in potting mixes.

An undergraduate student assisted the project
with routine analyses of samples, care of plants,
obtaining samples and measurements in greenhouse
and outdoor trials at UConn, and data entry.
EVALUATION
The project recipient(s) evaluated the effectiveness
of the project though steering committee
participation and input to the study design,
through the participation of green house growers
and dairy farmers in project trials and through
feedback on presentations of project results.
RECOMMENDATIONS FOR CONTINUED ACTION
Further action is predicated on adoption of
anaerobic digestors by CT dairy farmers. Efforts
should be focused on developing an enterprise plan
to produce potting mixes using ADDF and other
locally available components such as composted
bark. Market analysis should be used to determine
what materials are most readily available and costeffective. Once materials are identified, an optimum
blend can be developed. Markets for ADDF mix
could be bulk material delivered to greenhouses
and nurseries or bagged mix for retail sales.
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APPENDIX 3

Chapter 1: Anaerobically digested dairy fiber as a substitute for peat in soilless potting media

1.1.

Introduction

Container growing in context
Growing plants in containers offers a number of advantages over growing in the ground, most
importantly the ability to precisely manipulate various attributes of the root zone to optimize
plant growth. One of the most important manipulations of the root zone is the choice of growing
media.
The purpose of this project is to evaluate anaerobically digested diary fiber (ADDF) as a
sustainable alternative to peat in nursery container mixes. Peat is plant material, usually
Sphagnum moss that has partially decomposed under low-nutrient, acidic, anaerobic conditions
in bogs, leaving only a lignified cell wall structure. The skeletal cellular structure left by this
partial decomposition remains intact under pressure and provides a great deal of inter- and intracellular pore space. The combination of a strong, lignified cell structure and extensive pore
space provide peat with the physical and chemical characteristics which have made it such an
important raw material for the horticulture industry for decades (Handreck, 1994). Recently,
concerns about the sustainability of peat have been raised. Peatlands are wetland ecosystems
that are both economically and ecologically important. Peatlands play an important role in water
purification and are enormous carbon sinks. Mining of peat drastically alters the chemical,
physical and biological composition of peatlands. Even after mined peatlands have been
“restored” it takes several years to restore their ecological functionality. Although peatlands
accumulate more peat over time, it is only about 0.5-1.0mm per year. Peat mining harvests from
2
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deep in the bogs and can represent hundreds of years of peat accumulation. Most peat is
produced in cold, northern regions and must be shipped long distances to more temperate
horticultural areas. These concerns have prompted a search for sustainable, local alternatives to
peat (Chalker-Scott, viewed May 5, 2014).
One of these potential alternatives is anaerobically digested dairy fiber; a byproduct of
methane extraction from dairy manure. Systems to extract methane and reduce odor from
manure have been used since the 1970’s and have been vastly improved in the ensuing decades.
Selling methane as a biofuel generates additional income or on-site energy for livestock farmers
and utilizes this carbon-rich greenhouse gas rather than losing it to the atmosphere and
contributing to climate change.
Marketing ADDF as a useful horticultural material rather than simply manure could
become yet another source of income for dairy farmers and provide a solution to same waste
management problems associated with raw manure. Leaching of nutrients from accumulated
manure is significant source of non-point source water pollution. If ADDF were used in a
growing media, nutrients that would otherwise be lost as pollutants would be used for plant
nutrition.
The potential for use of ADDF in growing media seems especially promising for the
Northeast region. Agriculture in the Northeast is characterized by small diversified enterprises
occupying a large portion of the industry. The diversity of farms and strong local agricultural
networks in the Northeast make it an ideal locale for a product like ADDF potting mixes to be
used widely.
Mixes containing ADDF have been used successfully to grow bedding plants
(MacConnell and Collins, 2007) but currently, there is no information published about growing
3
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woody or herbaceous perennials in ADDF mixes. The robust nature of woody perennials makes
them excellent choices for test subjects to grow in ADDF. The longer growing season of nursery
crops presents a need to further investigate the physical properties of ADDF over time,
particularly shrinkage.
The greenhouse, nursery and dairy industries are important to the New England economy
and generate about one third of all agricultural cash receipts in New England (New England
Agricultural Statistics, 2012). The environmental horticulture industry of New England
represents almost 5 billion dollars, 11,900 firms, and 156,000 jobs and is growing. Nursery
production represents a significant portion of this industry with almost half of New England
horticultural firms engaged in some kind of production enterprise (New England Nursery
Association, 2009). ADDF shows promise as a locally sourced, inexpensive, sustainable
alternative to peat for growers in the Northeast.
Utilization of ADDF in soilless potting media (SPM) has the potential to greatly benefit
the Northeastern dairy industry as well. The dairy industry of New England has historically
been, and continues to be a vitally important part of the region’s economy. Despite contributing
over 3 billion dollars to the region’s economy annually, the New England dairy industry has been
in long term decline (Department of Economic and Community Development and Department of
Agriculture. 2009). Methane extraction from manure shows great promise as a supplementary
revenue source for Northeastern Dairy farmers but revenue generated by energy production alone
is often not enough to offset the capital costs of constructing anaerobic digesters. If ADDF were
proven as a high quality media component, it would be a value-added product to add to dairy
profits. The demand for ADDF from growers would be an added incentive for dairy farmers to
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adopt the more sustainable anaerobic manure digestion systems (Lynda Brushett, Cooperative
Development Institute, Barrington, New Hampshire, personal communication, May 1, 2014).

1.2.

Literature Review

Research to find suitable, renewable alternatives to peat has been ongoing for decades. An
alternative for peat should have similar physical and chemical properties as peat. Many potential
alternatives are byproducts from agricultural and food industries. Agricultural and food
byproducts are especially appealing because they are renewable resources and change the
problem of waste management to an opportunity to generate revenue from a high-value
horticultural product (Raviv, 2005).
Composts are often recommended as natural slow release fertilizer amendment in SPM
but compost as direct or partial replacement for peat in SPM has also been researched
extensively. Before the development of peat-based mixes composts often comprised a large
proportion of potting mixes (Hankdrick & Black, 1994). Compost is organic material that has
been stabilized using thermophilic, aerobic processes. A diversity of composts have been shown
to possess physical and chemical properties within the acceptable range for plant growth. The
most common limitation to using composts in SPM is a lack of physical and chemical stability
which may lead to compaction and unpredictable nutrient release (Raviv, 2005). Despite these
limitations, a wide variety of composts have been successfully used as replacements for peat in
nursery SPM (Chong, 2005).
Cowpeat (Palm Harbor, FL) is a composted dairy manure product that has been tested
extensively as an alternative to peat. Bedding (Shober et al., 2010), nursery (Shober et al., 2011)
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and foliage crops (Li et al., 2009) were produced successfully in Cowpeat-based media.
Cowpeat-containing mixes had much higher phosphate loads in leachate samples for up to 88
days after planting. Concerns over phosphate pollution could limit the use of Cowpeat as a
direct replacement for peat. Shober et al. (2011) suggested growers modify fertilization regimes
to account for additional P supplied by CowPeat. The additional P in leachate from CowPeatcontaining mixes likely came from calcium phosphate minerals used in nutritional suppliments
for dairy cows. ADDF likely contains similar phosphate compounds.
Another composted dairy manure product, “dairy biofiber”, is produced by separating
liquid and solid fractions of dairy waste and composting the solid fraction. Dairy biofibers have
been shown to be a suitable replacement for up to 30% of the peat in a SPM but high pH limited
its use. While mixes with a combination of dairy biofiber with bark or PBRH had the highest
concentrations of P in SME samples, the concentrations were still within an acceptable range for
use in greenhouse media. It was suggested that dairy biofiber be blended with peat or amended
with iron sulfate or elemental sulfur to maintain a suitable pH for plant growth (Evans et al.,
2014).
Spent mushroom compost (SMC) is another proposed alternative to peat that shares many
important characteristics with ADDF. Both ADDF and SMC are alkaline in reaction, have a high
electrical conductivity and have similar physical properties to peat. Several trials have been
done replacing peat with SMC in nursery SPM (Chong, 2005). The successful results from SMC
trials and its similarity to ADDF show that ADDF has a strong potential as a replacement for peat
in nursery SPM. Compaction (Chong et al., 1994) and chlorosis in some species (Chong et al.,
1991) still present some challenges to using SMC as a direct peat replacement.
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Tree-based products are another group of potential peat alternatives which has had quite a
bit of research attention recently. A wide variety of hardwood and softwood species processed in
a variety of ways have been evaluated as media components with mixed results. Media made
with softwood species yielded much better growth results than hardwood-containing media
(Murphy et al., 2007). Pine tree substrates (PTS), most frequently from loblolly pine (Pinus
taeda), are widely studied tree-based greenhouse and nursery media component. PTS can be
manufactured to have a designated particle size distribution which gives it particular physical
properties appropriate for specific applications in media blends (Jackson et al., 2010).
Manufacture procedures do need to be consistent to produce a product that will behave reliably
(Field et al., 2014). Aged PTS produces higher quality plants than fresh PTS, likely due to pH
stabilization and nutrient mineralization in the aging process (Gaches et al., 2012) and the
possible presence of phytotoxic substances in fresh PTS (Taylor et al., 2013). The physical
properties of PTS are consistent through the aging process (Taylor et al., 2013). PTS has been
shown to have similar nitrification potential to conventional media when treated with lime
(Taylor et al., 2012). PTS-containing media do however need higher fertilizer levels than
conventional media to yield the same growth, likely due to microbial immobilization or greater
porosity increasing leaching of nutrients (Wright et al., 2008).
The limitations of conventional composting have led to a search for alternative processes
to produce more stable SPM components. Vermicompost has a number of qualities which may
make it a beneficial media component. Vermicompost can be a significant source of nutrients
however, it is much less biologically active than conventional composts, making it more
chemically and physically stable (Ngo et al., 2013). Vermicompost also has a lower EC than
conventional compost and is less prone to induce salt stress (Chaoui et al., 2003). Vermicompost
7
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made from tomato crop waste has been demonstrated to be a suitable replacement for up to 75%
of the peat in SPM for Calendula officinalis and Viola cornuta (Belda et al., 2013). Media
containing varying proportions up to a 2:1 ratio of vermicompost to coir yielded faster and
greater yields of Swiss chard than either coir alone or a commercial potting media (Abbey et al.,
2012).
Anaerobic digestion may prove to be another alternative way to process organic waste
into a useful and stable SPM component. Previous research efforts with ADDF have shown
promising results. Bedding plants grown in acidified ADDF-based media were of the same or
better quality and size of those grown in peat-based media (MacConnell, 2007). In ADDF media
trials at UConn, several varieties of bedding plants and vegetable seedlings grown in ADDFcontaining media were of marketable quality. An outdoor ADDF media trial with garden mums
had similarly positive results.
ADDF and ADDF products have already been successfully marketed as value-added
horticultural products. Freund Farms (East Canaan, CT) manufacture biodegradable
“Cowpots™” made from ADDF sell them nationally. Cenergy USA, Inc. (Little Rock, AR)
produces “Magic Dirt™”, a potting mix made from ADDF and composted forest products. EcoTek® (Rossville, IN) and Organix, Inc (Walla Walla, WA) have both been producing and selling
dairy compost as a sustainable peat substitute for many years.
Some characteristics of ADDF do present challenges. ADDF has a high pH and interacts
with different media components differently (Evans and Salazar, 2014). ADDF-containing
media can be adjusted to an appropriate pH with the use of elemental sulfur (MacConnell, 2007)
or with gypsum as demonstrated with previous trials in the Elliott lab. The varying reactions of
ADDF to different media components is likely due to the biological activity of ADDF. A
8
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detailed evaluation of the biological activity of ADDF may aid in predicting how ADDF will
react in a SPM.
Along with evaluating ADDF as a replacement for peat, it is also important to evaluate how
ADDF works with other alternative media components which growers who may be interested in
using ADDF as a peat replacement may also be interested in using. Parboiled rice hulls (PBRH)
have been considered as a direct or partial replacement for either peat or perlite in SPM. Whole
PBRH provide more pore space and are used as a replacement for perlite. Ground PBRH of
various grades are used in place of peat. While the physical properties of whole and ground
PBRH are similar to perlite and peat, respectively, some chemical attributes of ground PBRH
likely make it unsuitable as a direct substitute for peat. PBRH contain high levels of P, K and
silica. Silica acts as a base in PBRH-containing media and can raise the pH outside of the
recommended range for plant growth. When PBRH are ground, significant amounts of P and K
can be released and raise P and K levels outside the recommended range for SPM (Evans et al.,
2011). Despite these obstacles, PBRH have been used successfully as a replacement for up to
30% of the perlite or 40% of the peat in SPM for a variety of bedding plants (Lopez
and Currey, 2013) and up to 100% of the perlite in propagation mix for New Guinea impatiens
(Lozez et al., 2013)
Coir is a renewable, fibrous byproduct of coconut processing. It can possess many similar
physical properties to peat and has been tested widely as a partial or, in many cases, complete
replacement for peat. There can be quite a bit of variability in coir based on how it is produced
and the source it come from. Coir with different particle sized can be blended to produce a
media that is appropriate for a specific application. Variability in physical properties due to
particle size distribution and age of coir needs to be considered when using coir as a media
9
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component. High salinity in coir has been reported but is easily fixed by leaching. Despite the
challenges in using coir, it has been shown to be an effective replacement for peat in many cases.
(Nichols, 2007)

Research Objectives
1. To evaluate ADDF as a substitute for peat in a variety of soilless potting media formulations.
2. To evaluate nutrient availability in ADDF over time.
3. To evaluate physical characteristics of ADDF over time.

1.3.

Materials and Methods

1.3.1. Media formulation and analysis
Five greenhouse mixes and four nursery mixes were formulated for use in the following trials.
The greenhouse mixes contained peat-ADDF-perlite, peat-ADDF-parboiled rice hulls (PBRH),
coir-ADDF-perlite and coir-ADDF-PBRH each in a 2:2:1 ratio amended with 4g.L-1 gypsum. A
control mix was composed of peat and perlite in a 4:1 ratio amended with 2.5g.L-1 dolomitic
lime. The nursery mixes contained bark-peat-sand, bark-ADDF-sand, bark-peat-perlite and barkADDF-perlite each in a 4:2:1 ratio. ADDF-containing mixes were amended with 4g.L-1 gypsum
and peat-containing mixes were amended with 2.5g.L-1 dolomitic lime.
Preliminary SME samples were taken from each mix to measure initial pH, EC and nutrient
concentration. SME samples were analyzed for ammoniacal nitrogen, nitrate nitrogen, and
phosphate phosphorus using colorimetric methods (refs). pH and EC were measured using Twin
pH/conductivity meters (Horiba Corp., Kyoto, Japan).
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The physical properties of several ADDF-containing media were evaluated using the techniques
described by Elliott (1992b): Media put in pots with known dimensions (truncated cone with
height (H) of 120mm, bottom radius (Rb) of 30mm and top radius (Rt) of 40cm). Pots were
weighed at the start of the trial and were subsequently irrigated, drained and weighed several
times a week until the irrigated mass reached equilibrium. Equilibrated irrigated mass was used
to derive effective water holding capacity (EWHC) using the equation (net weight after irrigation
- initial dry weight). Pots were then saturated for 24 hours, then weighed before and after
draining. Saturated and drained masses were used to derive container capacity (CCAP) using the
equation (net weight after saturated and drained - initial dry weight). The volume of media in
each pot was derived by measuring the height of the media in the pot and calculating volume as a
function of height using the formula for a truncated cone: V=πH(Rb2+ Rb+ Rt+ Rt2). Dry bulk
densities were obtained by weighing a given volume of each media before and after drying and
using the formula (initial dry weight)/(volume).
Physical properties and shrinkage of the bark-peat-sand and bark-ADDF-sand mixes were
measured again at the end of the woody shrub growth trial to evaluate long-term use of ADDF
for nursery crops.
1.3.2. Bedding Plants and Vegetable Seedlings.
Seedlings of pansy (Viola x wittrockiana ‘Karma White’), viola (Viola cornuta ‘Pennyjump-up’), petunia (Petunia x hybrid ‘Fuseable Vogue’), rooted cuttings of geranium
(Pelargonium x hortorum ‘Patriot Red’) and seeds of cucumber were planted in pots containing
the peat-ADDF-perlite, peat-ADDF-PBRH and control mixes described previously. Pansies and
petunias were planted in Nu-Pots™ 4 (423ml capacity, 9.8cm tall) (Summit Platic Co.,
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Tallmadge, OH), geraniums were planted in Nu-Pots™ 3 (321ml capacity, 8.9cm tall), violas
were transplanted and cucumber seeds were sown in #3 CowPots™ (200ml capacity, 2 7/8” tall)
(Freund Farm Inc., East Canaan, CT).
All bedding plant trials were completely random design (CRD) experiments. Pansies and
violas had 32 plants per treatment, geranium and petunia had 16 plants per treatment and
cucumber had 8 plants per treatment.
Plants were overhead irrigated without fertilizer for 12 days and then sub irrigated with
constant liquid feed with 100 mg.L-1 N delivered from Plantex® 19N-0.9P-15.8K (Master PlantProd Inc. Brampton, ON) for the remainder of the experiment. Trials were conducted in a
computer-controlled greenhouse covered with corrugated polycarbonate. Pansies and violas were
grown with 62°F days and 58°F nights. Geranium, petunias and cucumbers were grown with
75°F days and 63°F nights.
Plants were harvested approximately 8 weeks after planting and fresh weight, dry weight
and tissue nutrient concentrations were measured.
1.3.3. Mums.
Rooted cuttings of chrysanthemum (Chrysanthemum morifolium ‘Hankie Yellow’) were
transplanted into 8” pans (Dillen 8x5” Pan, 2.88L capacity) (The HC Companies, Middlefield,
OH) containing the peat-ADDF-perlite, peat-ADDF-PBRH, coir-ADDF-perlite, coir-ADDFPBRH or the control mix described previously. One cutting was planted in each pan and grown,
unpinched, outdoors with natural season lighting. Plants were overhead irrigated for one week
and then drip irrigated with a constant liquid feed at the rate of 100 mg.L-1 N using a Plantex
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19N-0.9P-15.8K. The experimental design of this trial was randomized complete block with 3
blocks and 8 plants per treatment per replication for a total of 120 pots.
The shoot fresh weight and volume were measured 12 weeks post-transplant. Canopy volume

4
3

was estimated using the formula for a semi-ellipsoid ( ( π (

w1 w2 H
)( )( )/2) ) where w 1 and
2 2 2

w 2 are the maximum and minimum diameters and h is the height from the top of the pot rim.

Maturity was rated subjectively on a 3 point scale with a rating of 1 with 30% or fewer flowers
open (Syngenta stages 0-1), 2 a plant with 31-69% flowers open (Syngenta stages 2-3) and with
3 representing a plant with 70% or more flowers open (Syngenta stages 4-5) (Syngenta Flowers
Inc., 2015). Leaf tissue samples were obtained for nutrient analysis.
1.3.4. Cyclamen.
Cyclamen (Cyclamen persicum) ‘Silver Heart White’ and ‘Winfall White’ seedlings were
transplanted into 4” pots (414ml capacity) containing the same media used previously in the
garden mum trial, with six plants of each variety in each treatment. Each variety was arranged in
a CRD.
Pots were placed in flood and drain trays and irrigated with 100 mg.L-1 N from Plantex 19N0.9P-15.8K. At the end of the trial, approximately 9 weeks post-transplant, plants were
evaluated qualitatively based on appearance and plant height and width were measured. Canopy
volume was calculated as described in the chrysanthemum trial.
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1.3.5. Poinsettias.
Rooted cuttings of poinsettia (Euphorbia pulcherrima ‘Classic Red’) were transplanted into
Dillen 6” jumbo azalea pots (approximately 1.8L volume) containing the peat-ADDF-perlite and
control mixes previously described with twelve plants of each variety in each treatment. Pots
were placed in flood and drain trays and irrigated with 100 mg.L-1 N from Plantex 19N-0.9P15.8K. At commercial maturity 15 weeks post-transplant, plant growth was evaluated
qualitatively based on appearance. Shoot height, fresh weight and dry weight were measured
and leaf tissue was analyzed. PourThru samples (Wright 1986) were taken approximately
biweekly and analyzed for pH, EC and nutrient concentrations as previously described.
1.3.6. Woody Nursery Crops.
Liners of button bush (Cephalanthus occidentalis) and silky dogwood (Cornus amomum) were
transplanted into #2 pots (7.3L volume) containing either the bark-ADDF-sand mix or the barkpeat-sand mix. Plants were fertilized with a top dressing of Osmocote 18-6-12 (Everris NA,
Inc.) at a rate of 30g per pot. Plants were grown outdoors with natural season lighting and
irrigated with drip irrigation during the first season’s growth. Plants were overwintered in an
unheated hoop house. Plants were moved from the hoop house and forced out of dormancy in a
double polyethylene film greenhouse with overhead irrigation. At the end of the first growing
season, plant height, width, thickest stem caliper and number of shoots were measured. After
leafing out at the beginning of the second season (approximately 10 weeks after being moved
into greenhouse) plant height and shoot fresh weight and dry weight were measured. Leaf tissue
samples were taken for nutrient analysis at the end of the first season before plants began to enter
dormancy and at the beginning of the second season after plants had leafed out. Shrinkage of

14

APPENDIX 3

media was measured at the end of the first season and upon harvest at the beginning of the
second season. Media physical properties including bulk density, porosity and water holding
capacity were measured again upon harvest at the beginning of the second season. PourThru
samples were taken regularly and analyzed for pH, EC and nutrient concentrations during the
first season.
1.3.7. Woody Cuttings
Cuttings from ninebark (Physocarpus opulifolius) and cranberry bush viburnum (Virburnum
opulus) were rooted in sand under intermittent mist with bottom heat. The rooted cuttings were
then transplanted into 2.5” establishment pots (approximately 250 ml volume) and grown
outdoors with overhead irrigation for one growing season. Plants were overwintered in a cold
frame and forced out of dormancy in a greenhouse in early spring. Plants were evaluated after
leafing out by measuring dry weight, height, above ground tissue concentrations and with a
subjective visual evaluation.
1.3.8. Herbaceous Nursery Crops
A variety of representative herbaceous perennials were used in this trial. Plugs of brunnera
(Brunnera macrophylla ‘Jack Frost’), Shasta daisy (Lucanthemum superbum ‘Whoops-a-Daisy’)
and rooted cuttings of phlox (Phlox paniculata ‘David’), liatris (Liatris spicata ‘Kobold
Original) and coreopsis (Coreopsis verticillata ‘Moonbeam’) were transplanted in pots
(approximately 2.8L volume) containing either the bark-ADDF-perlite or bark-peat-perlite mix.
Plants were fertilized with a top dressing of Osmocote 18-6-12 at a rate of 6g per pot. Plants
were grown in a glass greenhouse. Plants were overhead irrigated and leachate was collected for
nutrient analysis to calculate cumulative quantities of nutrients leached per pot. Growth and
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quality of each species was evaluated based on quantitative parameters appropriate its growth
habits and a subjective visual evaluation. For brunnera, the number of flower spikes, maximum
flower spike length and canopy volume (as described in previous trials) were measured. For
coreopsis, dry weight was measured. For Shasta daisy dry weight and number of flowers were
measured. For liatris, dry weight, number of flower stems and maximum height were measured.
For phlox, dry weight, number of stems and maximum height were measured.
Leachate from each irrigation event was collected, measured gravimetrically and analyzed for
NH4-N, NO3-N and PO4-P to calculate the cumulative amount of these nutrients leached.
1.3.9. Unplanted ADDF Leaching
The purpose of this trial was to monitor nutrient release from ADDF. The bark-peat-perlite and
bark-ADDF-perlite mixes used for the herbaceous nursery crop trial as well as unammended peat
and ADDF were used in this trial. Leachate samples were collected to show nutrient release over
time using the methods described in Elliott, 1986 using deionized water as an extractant applied
100ml at a time for the first 8 leaching event and 200ml at a time for the remaining leaching
events. Leachate samples were collected on days 1, 4, 6, 9, 16, 18, 21, 23, 27, 29, 37 and 40. All
media were stored in an incubator set at 25°C. All extracts were analyzed for pH, EC NH4-N,
NO3-N and P2O5-P concentrations using colorimetric techniques described above.
1.3.10. Statistical Analysis
Statistical Analysis System (SAS institute inc., Cary, South Carolina) was be used to
analyze data and data graphics were generated using SigmaPlot (Systat Software, Inc., San Jose,
California).
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1.4.

Results

1.4.1. Media Analysis
Effective water holding capacity (EWHC) and bulk density (Db) of all ADDF-containing
greenhouse mixes were not significantly different from the control mix (Table 1.1). The two coir
containing greenhouse mixes had greater container capacities (CCAP) than the control. Bulk
density varied little among greenhouse mixes. The coir-ADDF mixes had a pH range of 6.867.09 while the other mixes had pH within the optimum range for plant growth. ADDFcontaining media had higher EC measurements in SME samples than the control media
(1.14mS). The EC of peat-ADDF media ranged from 1.16-1.22mS and the EC of the coir-ADDF
media had a range of 1.40-1.96mS. The EC of the ADDF-aggregate mixes were much greater
than the other mixes with a range of 2.20-2.60mS.

Table .1. Mean effective water holding capacity (EWHC), container capacity (CCAP) and dry
bulk density (Db)of various greenhouse media. The ratio of mix components is 4:1 for two
component mixes and 2:2:1 for three component mixes. Means with different letters are
significantly different. Tukey’s HSD means separation test was used to find differences in
treatments based p-value ≤ 0.05.

MIX
PEAT-PERL
PEAT-ADDF-PERL
PEAT-ADDF-PBRH
COIR-ADDF-PERL
COIR-ADDF-PBRH

EWHC,

CCAP,

Db,

% volume
52.7ab
52.6ab
48.2b
57.1a
49.2b

% volume
58.7c
61.2bc
58.0c
66.7a
63.7ab

g/cm3
0.106ab
0.116a
0.106ab
0.100b
0.107ab
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There were no significant differences in initial physical properties (Table) or pH (5.53 for barkpeat-sand and 5.66 for bark-ADDF-sand) between the nursery mixes. The ADDF-containing
nursery mixes had a higher mean EC (1230µS vs. 156µS). At the beginning of the second
growing season of the woody nursery crop trial the bark-ADDF-sand mix had significantly lower
EWHC and CCAP than the bark-peat-sand mix. Both mixes did, however, have similar Db upon
final measure. There were no significant difference between the mean difference in physical
properties between initial and final measures (Table 1.2). The bark-peat-sand mix had
significantly more shrinkage in the first season under drip irrigation whereas the bark-ADDF
media had significantly more shrinkage upon final measure after approximately 10 weeks of
overhead irrigation. Both mixes had the same total amount of shrinkage.

Table 1.2. Mean effective water holding capacity (EWHC), container capacity (CCAP) and dry bulk
density (Db) of two nursery media used for woody nursery crop trial before planting and at the end of
the trial. The ratio of mix components is 4:2:1. Means with a * are significantly different based on pvalue ≤ 0.05.

Initial
Bark-ADDF-sand
Bark-peat-sand
Significance

EWHC
% volume
0.476
0.474
ns

CCAP
% volume
0.509
0.528
ns

Db
g/cm
0.353
0.335
ns

End of trial
Bark-ADDF-sand
Bark-peat-sand
Significance

0.489
0.591
*

0.698
0.772
*

0.508
0.524
ns
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Table 1.3. Mean shrinkage of media used in woody nursery crop trials between the beginning of the
trial and the end of the first season, between the end of the first season and the end of the trial and
total shrinkage. Means with a * are significantly different based on p-value ≤ 0.05.

% of initial volume
Season 1

lost
Season 2

Total

sand

0.63

10.25

10.87

Bark-peat-sand
Significance

5.37
*

7.00
*

12.34
ns

Mix
Bark-ADDF-

1.4.2. Bedding Plants and Vegetable Seedlings.
Fresh shoot weights of pansy grown in the control mix and ADDF-perlite mix were significantly
greater than those grown in the ADDF-PBRH mix. The mean fresh weight of viola was
significantly greater in the ADDF mixes than the control. Fresh weights of petunias grown in the
control mix were significantly less than those grown in either of the ADDF mixes and plants
grown in the ADDF-perlite mix had greater fresh weights than those grown in the ADDF-PBRH
mix. Fresh weights of geranium were not significantly different among treatments. Fresh
weights of geranium grown in the control mix were significantly greater than those grown in
either ADDF mix and plants grown in the ADDF-perlite mix had greater fresh weight than those
grown in the ADDF-PBRH mix. Fresh weights of cucumber were neither significantly different
between the two ADDF mixes nor between the ADDF-perlite mix and the control mix but plants
grown in the ADDF-PBRH mix had a greater fresh weight than the control (Fig. 1.1).
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Figure 1.1. Mean fresh weight for bedding plant species grown in media containing either peat
and perlite, ADDF and perlite or ADDF and PBRH. Means with different letters are
significantly different within species. Tukey's HSD test was used for means separation at α
=0.05.

The phosphorus concentrations of plant samples were significantly greater in both ADDF mixes
than in the control for all species. (Fig. 1.2). Geranium and cucumber grown in the peatADDF-PBRH mix had the greater tissue phosphate than either of the other mixes.

20

APPENDIX 3

Phosphorus concentration, µg/g

1400
1200

A A

B
A

1000
B

A

A

A A

800
600

A

Peat-Perlite
Peat-ADDF-Perlite
Peat-ADDF-PBRH

B
C

B

400

C

B

200

be
r

Vi
ol
a

C
uc
um

G

er
a

ni
um

a
Pe
tu
ni

Pa
ns
y

0

Figure 1.2. Mean leaf tissue phosphorus concentration for bedding plant species grown inmedia
containing either peat and perlite, ADDF and perlite or ADDF and PBRH. Means with different
letters are significantly different within species. Tukey's HSD test was used for means separation
at α=0.05.

Plants grown in ADDF-containing media had significantly greater tissue concentrations of Ca
and Mn and significantly lower concentrations of Mg than those grown in the peat-perlite mix
for all species. There were no significant differences in tissue K concentrations. There were
differences between other nutrient concentrations which varied between species (Table 1.4).
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Table 1.4. Mean nutrient concentrations of above ground tissue of four bedding plant species grown in three greenhouse media. Means within
species with different letters are significantly different. Tukey's HSD test was used for means separation at α=0.05.

K

Ca

Mg
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Overall performance was varied. In some crops, such as viola, plants performed much better in the ADDF mixes than in the
control mix but in some other crops the control plants were larger and were a healthier dark green than plants grown in the ADDF
mixes (Fig. 1.3).

Figure 1.3. Bedding plants grown in media containing peat-perlite, ADDF-peat-perlite or ADDF-peat-PBRH
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1.4.3. Garden Chrysanthemum.
Final plant fresh weights volumes and maturity were greatest for plants in the control mix. Fresh weights were greater in plants grown
in perlite-containing mixes than in PBRH-containing mixes (Table 1.5). Plants grown in mixes without PBRH were of marketable
size and quality (Fig. 4).

C

PP

PR

CR

CP

Figure 1.4. Chrysanthemum ‘Hankie Yellow’ grown in mixes with a 2:2:1 ratio of the following; peat:ADDF:perlite (PP),
peat:ADDF:PBRH (PR), coir:ADDF:perlite (CP), coir:ADDF:PBRH (CR) and fafard 1-P, a peat-lite control mix (C).
1.4.4. Cyclamen.
All peat-containing mixes produced saleable plants of a similar quality (Fig. 1.5) and size (Table 1.5). Both coir-containing mixes
produced smaller plants of inferior quality.
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C

PP

PR

CR

CP

Figure 1.5. Cyclamen ‘Silver Heart’ (left) and ‘Winfall’ (right) grown in mixes with a 2:2:1 ratio of the following; peat:ADDF:perlite
(PP), peat:ADDF:PBRH (PR), coir:ADDF:perlite (CP), coir:ADDF:PBRH (CR) and fafard 1-P, a peat-lite control mix (C).
Table 1.5. Mean canopy volumes, fresh shoot weight and maturity of garden mums and mean canopy volumes cyclamen grown in five SPM
with a 2:2:1 ratio of the following; peat:ADDF:perlite (PP), peat:ADDF:PBRH (PR), coir:ADDF:perlite (CP), coir:ADDF:PBRH (CR) and fafard 1-P, a
peat-lite control mix. Means with different letters are significantly different. Tukey’s HSD means separation test was used to find differences
in treatments based p-value ≤ 0.05.

Volume,
Mix
Peat-perlite
Peat-ADDF-perlite
Peat-ADDF-PBRH
Coir-ADDF-perlite
Coir-ADDF-PBRH

dm3
15.46a
13.34b
9.91d
11.6c
9.20d

Garden Chrysanthemum
Fresh weight,
Maturity
g
611a
537.44b
460.44c
511.67b
402.22d
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rating
2.5a
2.56a
1.89b
2.56a
2.06b

Cyclamen
Volume,
cm3
1103a
925a
837a
467b
226b
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1.4.5. Poinsettia.
Plants grown in the ADDF mix were significantly larger (Table 1.6) than those grown in the peat-based mix. Poinsettias grown in the
ADDF mix also had higher leaf tissue concentrations of N, P, K and Ca. The plants grown in the peat based mix, however, had higher
leaf tissue concentrations of Mn, Na and Zn (Table 1.7)

Table 1.6. Mean fresh weight, height and phosphorus concentration of poinsettias grown in ADDF or peat-containing media.
Parameters with a * are significantly different based on p-value ≤ 0.05.

Mix
Peat-perlite
ADDF-peat--perlite
Significance

Fresh

Dry

weight,

weight,

Height,

g
117
133
*

g
15.5
18.0
*

mm
177
192
*

Table 1.7. Mean leaf tissue nutrient concentrations of poinsettia grown in two greenhouse media. Nutrients with * have significantly
concentrations different means between plants grown in the two mixes at p-value ≤ 0.05.
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mg/k
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PourThru samples from pots containing ADDF mixes had significantly higher P2O5-P
concentrations for approximately five weeks and P2O5-P concentrations began to rise again

14

-1

Pourthough extract P concentration, mg L

toward the end of the trial (Fig. 1.6).

12

Peat-ADDF-perlite
Peat-perlite

10
8
6
4
2
0
0

14

28

42

56

70

84

98

112

Days after planting

Figure 1.6. Mean phosphorus concentration in PourThru extracts from poinsettia crop grown in
peat-perlite and ADDF-peat-perlite media.

Plants grown in the ADDF mix were also visually larger and denser (Fig. 1.7).
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Peat-perlite

Peat-ADDF-perlite

Figure 1.7. Poinsettias grown in peat-perlite (left) and peat-ADDF-perlite (right) media.
1.4.6. Woody Nursery Crops
Measurements taken at the end of the first season of growth after transplanting show no
differences in size, stem caliper or number of stems between button bush and silky dogwood
grown in the peat mix and ADDF mix (Fig. 1.8). Analysis of PourThru samples show elevated
levels of orthophosphate in the ADDF mix for approximately 8 weeks after planting (Fig. 1.9).
30

APPENDIX 3

At the end of the first growing season there was 0-13% media shrinkage with no significant
difference between the two nursery mixes (Table 1.3). Upon harvest after leafing out in the
second season there were no differences in height, maximum caliper, dry weight, new shoots
(Fig. 1.10) or visual appearance (Fig 1.11) between plants grown in the two mixes.
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Figure 1.8. Mean volume, number of shoots and largest shoot caliper of button bush and silky
dogwood after one season of growth in either peat- or ADDF-containing media in a ratio of 4
bark: 2 peat:1 sand or 4:bark:2 ADDF: 1 sand. No significant differences were found based on
p-value ≤ 0.05.
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Figure 1.9. Mean phosphorus concentrations in PourThru samples from button bush (a) and
silky dogwood (b) through one growing season.
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Figure 1.10. Mean maximum height (a), maximum stem caliper (b), dry weight (c) and number
of new shoots (d) of button bush and silky dogwood after leafing out in spring of second season
growing in bark-peat-sand or bark-ADDF-sand nursery media. No significant differences were
found based on p-value ≤ 0.05.
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Figure 1.11. Randomly selected representatives of button bush (left) and silky dogwood (right)
after leafing out in second season growing in bark-ADDF-sand (top) or bark-peat-sand (bottom)
nursery mixes
1.4.7. Woody Cuttings
At the end of the first growing season there were no noticeable differences between plants in the
two mixes. At the beginning of the second season both ninebark and viburnum grown in the
bark-ADDF-sand mix appeared to break from dormancy more quickly, vigorously and with
darker foliage (Figs. 1.13 & 1.14). The plants grown in the bark-ADDF-sand mix were also
significantly taller than the plants grown in bark-peat-sand mix. Ninebark grown in the barkADDF-mix had a greater dry weight but there was no difference in dry weight between viburnum
grown in either mix (Fig. 1.12).
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Figure 1.12. Mean above ground dry weight (a) and height (b) of rooted cutting of ninebark and
cranberry bush viburnum after leafing out in second season growing in bark-ADDF-sand (top) or
bark-peat-sand (bottom) nursery mixes. Bars with a * have significant differences between
media at p-value ≤ 0.05.
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Figure 13. Randomly selected representatives of ninebark after leafing out in second season
growing in bark-ADDF-sand (top) or bark-peat-sand (bottom) nursery mixes

Figure 14. Randomly selected representatives of cranberry bush viburnum after leafing out in
second season growing in bark-ADDF-sand (top) or bark-peat-sand (bottom) nursery mixes

1.4.8. Herbaceous Nursery Crops
Of all plant growth parameters measured, the only significant differences between plants grown
in bark-peat-perlite and bark-ADDF-perlite were greater fresh and dry weights in Shasta daisy
grown in the bark-ADDf-perlite mix (Tables 1.8-1.12). While no differences were found in
measured parameters there were some visible differences in plant growth and development
between the two treatments in some species (Fig 1.15). Coreopsis (Fig 1.15.b) grown in the
bark-ADDF-perlite mix were slightly chlorotic and less dense. Brunnera (Fig. 1.15.a) grown in
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the bark-ADDF-perlite mix had slightly chlorotic leaf margins and a deeper blue flower color
than those grown in the bark-peat-perlite mix. Overall, plant growth in the bark-ADDF-perlite
mix was more variable than in the control mix with many plants in the bark-ADDF-perlite mix
growing to an acceptable size and quality but others being severely stunted.
A much greater amount of phosphate was leached from pots containing the bark-ADDF-perlite
mix and continued to be released through the growing season of all crops tested (Figs. 1.16-1.20)

Table 1.8. Mean number of flower spikes, maximum flower spike length and canopy volume of
brunnera grown in two nursery mixes. No significant differences were found based on p-value ≤
0.05.
Flowe

Mix
Bark-ADDF-sand
Bark-peat-sand

r

Maximum flower spike

Volume,

spikes
2.4
1.8

length, mm
171.96
170.72

ml
1016.86
791.37

Table 1.9. Mean dry weight of coreopsis grown in two nursery mixes. No significant differences
were found based on p-value ≤ 0.05.
Dry
Mix
Bark-ADDF-sand
Bark-peat-sand

weight, g
8.81
9.24

Table 1.10. Mean dry weight and flower count of Shasta daisy grown in two nursery mixes.
Parameters with a * are significant at p-value ≤0.05.
Mix

Dry

Flowers
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Bark-ADDF-sand
Bark-peat-sand

weight, g*
4.29
2.74

1.75
1.33

Table 1.11. Mean dry weight, flower stem count and maximum height of liatris grown in two
nursery mixes. No significant differences were found based on p-value ≤ 0.05.

Mix
Bark-ADDF-

Dry

Flower

Height,

weight, g

stems

cm

sand
Bark-peat-

20.81

5.08

28

sand

18.6

6.42

29.5

Table 1.12. Mean dry weight, stem count and maximum height of phlox grown in two nursery
mixes. No significant differences were found based on p-value ≤ 0.05.

Mix
Bark-ADDF-sand
Bark-peat-sand

Dry

Stem

Height,

weight, g
7.74
6.9

s
2.67
3.25

cm
29.17
29
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Figure 1.15. Brunnera (a), coreopsis (b), Shasta daisy (c), liatris (d) and phlox (e) grown in barkpeat-perlite (left) or bark-ADDF-perlite (right) nursery mixes.
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Figure 1.16. Cumulative phosphorus leached from brunnera (a), coreopsis (b), Shasta daisy (c),
liatris (d) and phlox (e) pots containing two nursery mixes

Unplanted ADDF Leaching
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Phosphate was continually released from the raw ADDF and the bark-ADDF-perlite mix
throughout the trial and only began to plateau at the end. Peat and the bark-peat-perlite mix
released negligible amounts of phosphate (Fig 1.21).
Virtually all nitrate was released after the fourth leaching event. The raw ADDF released far
more nitrate than the bark-ADDF-perlite. The bark-ADDF-perlite mix is slightly less than 30%
ADDF but only releases approximately 17% of the nitrate released from the raw ADDF. This
suggests that mixing ADDF with bark immobilizes nitrogen and reduces nitrate leaching. Peat
and the bark-peat-perlite mix released negligible amounts of nitrate (Fig 1.22).
Ammonium was slowly released by all mixes with the ADDF mixes releasing the greatest
quantities (Fig 1.23).
There was an initial dip in pH followed by a rise and a leveling off (Fig 1.24). Most soluble salts
were leached in the first few leaching events (Fig 1.25). The rapid release of nitrate and soluble
salts in ADDF paired with the steady release of phosphate suggest ADDF has a large store of
adsorbed labile phosphate.
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Figure 1.20. Mean cumulative phosphate phosphorus leached from unplanted pots containing
two nursery mixes, raw ADDF and peat.
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Figure 1.21. Mean cumulative ammonium nitrogen leached from unplanted pots containing two
nursery mixes, raw ADDF and peat.
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Figure 1.22. Mean cumulative nitrate nitrogen leached from unplanted pots containing two
nursery mixes, raw ADDF and peat.
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Figure 1.23. Mean leachate pH from unplanted pots containing two nursery mixes, raw ADDF
and peat over time.
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Figure 1.24. Mean leachate EC from unplanted pots containing two nursery mixes, raw ADDF
and peat over time.
1.5.

Discussion

ADDF can be used as a partial replacement for peat in SPM for a variety of floriculture crops
and as a complete replacement for peat in nursery mixes. Irrigation, fertilization and pH
management must be considered carefully when using an ADDF as a media component. When
other alternative media components, like coir and PBRH were used in concert with ADDF results
were less favorable. Generally, the more a mix deviated from a standard peat-based, the more
likely it was to have unfavorable results. For example, the coir-ADDF-PBRH mix that was used
in the chrysanthemum and cyclamen trials contained none of the same media components as the
control and did not yield any favorable results.
Much of the variability in growth response appeared to be related to nutrient availability which,
in turn, was likely related to pH. Nutrient availability is usually more dramatically affected by
pH in SPM than in mineral soils (Peterson, 1982) so pH management is especially important in
soilless culture. In the greenhouse mixes ADDF only replaced half the peat in the mix and the
alkalinity of the ADDF and acidity of peat reacted to make a media with an appropriate pH for
plant growth (5.4-6.0) (Dole and Wilkins, 1999).
Amending ADDF-containing greenhouse mixes with gypsum was effective in supplying plants
with Ca while not affecting the pH but did not supply plants with the Mg normally supplied by
dolomitic lime. Leaf tissue analysis revealed that both petunia and geranium grown in ADDFcontaining mixes were on the cusp of Mg deficiencies (Dole and Wilkins, 1999). A magnesium
source should be added to the fertilization regime of ADDF-containing mixes in an appropriate
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ratio with gypsum to supply the required amount and ratio of Ca and Mg without greatly altering
the pH.
Results from all these trials show that ADDF is a significant source of plant available
phosphorus. All plants grown in ADDF-containing mixes had elevated tissue P concentrations
and all aqueous extracts (SME and PourThru) from ADDF mixes had higher concentrations of
phosphate than peat-based mixes. There were higher concentrations of P in leachate and
PourThru samples throughout the growing cycles of all trials. The continued release of P may be
from the dissolution of calcium phosphate minerals which are often found in dairy manure and
dissolve at pH below 7 (Shober et al., 2010). Measures should be taken to limit P leaching from
ADDF containing mixes, such as using irrigation systems with little or no leaching, adjusting to
low P fertilization regimes or formulating media with pH closer to neutral to slow dissolution of
calcium phosphate minerals. Certain media amendments, such as dried alum sludge have been
shown to greatly reduce P leaching from media containing organic P sources without adversely
effecting plant growth (Bugbee & Elliott, 1999).
Shober et al. (2011) reported that leachate from CowPeat contained a only negligible amount of
reactive nitrogen, often even less than peat based mixes. The leaching trials conducted for this
research showed much greater quantities of reactive nitrogen being leached from ADDFcontaining mixes than from mixes without ADDF. The differences in the nitrogen leaching
between Shober et al. (2011) and this research could be due to regional differences in dairy
manure (Florida vs Connecticut) or in differences between how aerobic (CowPeat) and anaerobic
(ADDF) processing of dairy manure affects the nitrogen forms in the processed material.
Nitrogen leaching was not a concern in the use of CowPeat but may be for the use of ADDF.
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Nutrients leached from a mix do not necessarily equal the sum of nutrients that leach from the
individual components that are in the mix. There are complex interactions between media
components which can make nutrients more or less susceptible to leaching. This can be seen in
the unplanted leaching trial of nursery mixes, peat and raw ADDF. Mixing ADDF with bark in
the nursery mix appeared to reduce the amount of nitrate leached. Bugbee and Elliott (1998)
showed that bark and other media components could reduce the amount of P leached from a
compost-based mix when compared with peat. In the same study, a compost-based mix with
zeolite or vermiculite leached greater quantities of P when compared to the bark mix. A better
understanding how ADDF interacts with other media components will allow mixes to be
formulated which minimize leached while providing a sufficient supply of plant available
nutrition.
In the nursery mixes peat made up a much smaller proportion of the mix than in greenhouse
mixes (slightly less than 30% vs. 80%) so ADDF was an acceptable replacement for all the peat
in the mix rather than only replacing 50% of the peat. All nursery crops grown in ADDFcontaining mixes grew to a similar or better size and quality than those grown in the peat-based
nursery mixes. This may have been due to the smaller proportion of peat being replaced or that
nursery crops are generally more robust than greenhouse and floriculture crops and may have
been better able to tolerate suboptimal root zone conditions. Despite the smaller proportion of
peat in nursery mixes, nursery crops are grown in containers with much larger volumes, which
require greater volumes of media than greenhouse crops so using ADDF as a replacement for
peat in nursery mixes could still significantly reduce demand for peat.
While the growth and quality of nursery crops ADDF containing mixes were statistically similar
to those grown in the peat-based control mix, growth responses of plants in the ADDF mix were

48

APPENDIX 3

generally more variable. It is important for a growing mix to produce consistent results. so while
the ADDF mixes yielded acceptable means, the variable growth in some species may be
unacceptable in practical applications. This variability may have been due to management
decisions or the ADDF itself.
In these trials, management decisions were based on established cultural recommendations for
peat-based control mixes. In many cases, irrigation management that was optimal for the control
mix was less than optimal for other treatments. This was illustrated by the media analyses at
before, during and after the woody nursery crop trial. The ADDF mix had less shrinkage than
the control during the first season when pots were under drip irrigation but experienced much
more shrinkage during the second season under overhead irrigation. Many of the crops that were
exclusively overhead irrigated, like phlox, coreopsis and cranberry bush viburnum had dead or
severely stunted individuals. All of this suggests overhead irrigation may lead to accelerated
compaction of ADDF mixes. Through observations during trials and results from the bedding
plant, chrysanthemum and cyclamen trials it appears that PBRH do not conduct water as well as
perlite and do not work as well with irrigation systems that require good hydraulic conductivity
such as subirrigation and, especially drip irrigation. Better results may be produced with
individualized management decisions based on differences in mixes. Additionally, ADDF is a
significant source of phosphate and nitrate and fertilization regimes should be adjusted
accordingly.
Some of the variability in growth response of plants grown in ADDF-containing mixes may have
been due to heterogeny of the ADDF itself. The ADDF used in this project was processed to be
used in the production of biodegradable “Cowpots™” rather than for use in potting media. An
ADDF product that produces more consistent results may be obtainable from processing with a
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media component as a goal as is done with other anaerobically digested organic media
components such as Magic DirtTM or EcoTek®.
There may also be variability in ADDF on a larger scale. Dairy feed can vary from region to
region and seasonally so the feedstock used to produce ADDF likely varies equally. Regional
variability in dairy manure may have contributed to discrepancies between the results of this
research and the results of research using a dairy manure product in Florida (Shober et al., 2011).
However, similarities in results of chemical and physical analysis of ADDF and ADDFcontaining mixes between MacConnell and Collins (2009) in Washington and these trails in
Connecticut demonstrate that ADDF can be consistent from region to region.
Differences in climate have been show to influence the nutrient availability in manure. Growing
degree days have been shown to be useful in predicting nitrogen availability from manure
(Griffin and Honeycutt, 2000). Special consideration must be given to any potential variability
in ADDF.
As with other alternative media components more research is needed to establish the best ways
to manage ADDF in media and to process ADDF into a consistent horticultural material. Apart
from establishing best practices for ADDF, it is an acceptable replacement for peat in a wide
variety of media and for a diversity of horticultural crops.
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APPENDIX 5

Anaerobically  Digested  Dairy  Fiber  
as  a  Subs5tute  for  Peat    
in  Po8ng  Mixes
George	
  Ellio*,	
  Ph.D.	
  
	
  

Soilless  Po8ng  Mixes
• Peat-‐based	
  mixes	
  

• Physical	
  and	
  chemical	
  
proper5es	
  suitable	
  for	
  
use	
  in	
  containers	
  
• Peat	
  rela5vely	
  consistent	
  	
  
• Easy	
  to	
  handle	
  
• Reduced	
  plant	
  pathogen	
  
and	
  weed	
  risks	
  

Peat:  Issues
Environmental	
  Degrada5on	
  

Public	
  pressure	
  

www.theecologist.org	
  

Anaerobically  Digested  Dairy  Fiber:    
A  Poten5al  Peat  Subs5tute
• Renewable	
  byproduct	
  
• Poten5al	
  revenue	
  for	
  
dairy	
  farmers	
  
• Previous	
  research	
  at	
  
Washington	
  State	
  Univ.	
  &	
  
Univ.	
  Wisconsin	
  
	
  
smallfarms.cornell.edu	
  

ADDF:  A  Poten5al  Peat  Subs5tute
• Physical	
  characteris5cs	
  
similar	
  to	
  peat	
  
• Commercial	
  products,	
  
e.g.,	
  Magic	
  Dirt™,	
  
CowPots™	
  

Objec5ves
• To	
  evaluate	
  ADDF	
  as	
  a	
  subs5tute	
  for	
  peat	
  in	
  
soilless	
  poKng	
  mixes	
  (SPM)	
  for	
  greenhouse	
  and	
  
nursery	
  crop	
  produc5on	
  
• To	
  evaluate	
  nutrient	
  availability	
  and	
  leaching	
  
poten5al	
  in	
  ADDF	
  media	
  over	
  5me.	
  
• To	
  evaluate	
  physical	
  characteris5cs	
  of	
  ADDF-‐
containing	
  SPM	
  over	
  5me	
  

Grower  trials
• Grower	
  Direct	
  Farms,	
  Somers,	
  CT	
  
• Garden	
  mums	
  
• 40%	
  ADDF:	
  40%	
  peat:	
  20%	
  perlite	
  	
  
• 8”	
  pans	
  

• Freund	
  Family	
  Farm,	
  East	
  Canaan,	
  
CT	
  
•
•
•
•

source	
  of	
  ADDF	
  
ﬂowering	
  annuals	
  
grown	
  in	
  CowPots™	
  
40%	
  ADDF:	
  40%	
  peat:	
  20%	
  perlite	
  vs	
  
commercial	
  mix	
  (Fafard	
  1P)	
  

Grower  Direct

August	
  7	
  

October	
  26	
  

Freund  Farm

UCONN  trials  
• Graduate	
  student	
  M.S.	
  research	
  	
  
• Physical	
  and	
  chemical	
  proper5es	
  
• Crop	
  trials	
  	
  
• Addi5onal	
  support	
  from	
  Sustainable	
  Agriculture	
  Research	
  &	
  
Extension	
  program	
  

Media  physical  and  chemical  characteris5cs
• Physical	
  	
  	
  
• Water	
  reten5on	
  
• Bulk	
  Density	
  (Db)	
  =	
  dry	
  mass	
  /	
  volume	
  
• Shrinkage	
  =	
  loss	
  of	
  volume	
  as	
  propor5on	
  of	
  
ini5al	
  volume	
  

• Chemical	
  
• pH;	
  important	
  for	
  nutrient	
  availability	
  
• Electrical	
  conduc5vity	
  (EC);	
  soluble	
  salts	
  
• Saturated	
  media	
  extracts	
  	
  

Media  formula5ons
Woody	
  
Bedding	
  
Garden	
  
Nursery	
   Woody	
   Herbaceous	
  
Plants	
   Chrysanthemum	
  Cyclamen	
   Poinse;a	
   Crops	
   Cu;ngs	
   perennials	
  
4:1	
  Peat-‐perlite	
  	
  
2:2:1	
  Peat-‐ADDF-‐perlite	
  
2:2:1	
  Peat-‐ADDF-‐PBRH	
  
2:2:1	
  Coir-‐ADDF-‐perlite	
  
2:2:1	
  Coir-‐ADDF-‐PBRH	
  
4:2:1	
  Bark-‐peat-‐sand	
  
4:2:1	
  Bark-‐ADDF-‐sand	
  
4:2:1	
  Bark-‐peat-‐perlite	
  
4:2:1	
  Bark-‐ADDF-‐perlite	
  

x	
  
x	
  
x	
  
	
  
	
  
	
  
	
  
	
  
	
  

x	
  
x	
  
x	
  
x	
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x	
  
	
  
	
  
	
  
	
  

x	
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x	
  
x	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
x	
  
x	
  

Greenhouse  Media
EﬀecOve	
  water	
   Container	
  

Electrical	
  

retenOon	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  capacity	
  
	
  	
  	
  	
  	
  
	
  	
   Bulk	
  density	
  

conducOvity	
  

MIX	
  

%	
  volume	
  

%	
  volume	
  

g/cm3	
  

pH	
  

mS/cm	
  

peat-‐perlite	
  

52.7ab	
  

58.7c	
  

0.106ab	
  

5.96	
  

1.14	
  

peat-‐ADDF-‐perlite	
  

52.6ab	
  

61.2bc	
  

0.116a	
  

6.56	
  

1.16	
  

peat-‐ADDF-‐PBRH	
  

48.2b	
  

58.0c	
  

0.106ab	
  

6.55	
  

1.22	
  

coir-‐ADDF-‐perlite	
  

57.1a	
  

66.7a	
  

0.100b	
  

7.09	
  

1.40	
  

coir-‐ADDF-‐PBRH	
  

49.2b	
  

63.7ab	
  

0.107ab	
  

6.86	
  

1.96	
  

ADDF-‐perlite	
  

47.9b	
  

61.4bc	
  

0.117a	
  

7.65	
  

2.60	
  

ADDF-‐PBRH	
  

51.0ab	
  

64.1ab	
  

0.110ab	
  

7.80	
  

2.20	
  

Nursery  Media  
Mix
Bark-‐ADDF-‐sand
Bark-‐peat-‐sand

%	
  of	
  iniOal	
  volume	
  lost
Season	
  1*
Season	
  2*
drip irrigation

overhead irrigation

0.63
5.37

10.25
7.00

Total
10.87
12.34

Bedding  Plants  –  Materials  and  Methods
• Peat-‐ADDF-‐perlite,	
  peat-‐ADDF-‐rice	
  
hulls	
  and	
  peatlite	
  
• Crops	
  tested	
  included	
  viola,	
  pansy,	
  
geranium,	
  &	
  petunia	
  
• Flood	
  &	
  drain	
  subirriga5on	
  with	
  
19-‐2-‐19	
  fer5lizer	
  @	
  100	
  ppm	
  N	
  
• Harvested	
  &	
  measured	
  fresh	
  weight	
  	
  	
  
• Analyzed	
  plant	
  5ssue	
  to	
  evaluate	
  
nutrient	
  availability	
  

Bedding  Plants  –    
Plant  Growth
14
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ADDF-PBRH
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Bedding  Plants–  Tissue  Phosphorus
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Garden  Chrysanthemum  –  
  Materials  and  Methods
• Chrysanthemum	
  morifolium	
  
‘Hankie	
  Yellow’	
  
• 5	
  mixes	
  
•
•
•
•
•

Peat-‐ADDF-‐perlite	
  
Peat-‐ADDF-‐rice	
  hulls	
  
Coir-‐ADDF-‐perlite	
  
Coir-‐ADDF-‐rice	
  hulls	
  
Commercial	
  peat:perlite	
  (Fafard	
  
1P)	
  

• Grown	
  outdoors	
  

Garden  Chrysanthemum  –  
  Materials  and  Methods
• Drip	
  irriga5on	
  
• 19-‐2-‐19	
  fer5lizer	
  
• Measured	
  fresh	
  weight	
  and	
  
canopy	
  volume	
  	
  
• Maturity	
  ra5ng	
  -‐	
  ﬂowers	
  
open	
  
• 1	
  =	
  <	
  30%	
  
• 2	
  =	
  31	
  –	
  69%	
  
• 3	
  =	
  >	
  70%	
  

Garden  Chrysanthemum  Results

Peat-‐perlite	
  

Peat-‐ADDF-‐perlite	
  

Peat-‐perlite	
  
Peat-‐ADDF-‐perlite	
  
Peat-‐ADDF-‐rice	
  hulls	
  
Coir-‐ADDF-‐perlite	
  
Coir-‐ADDF-‐rice	
  hulls	
  

Peat-‐ADDF-‐rice	
  hulls	
  

Volume,	
  dm3	
  
15.5	
  a	
  
13.3	
  b	
  
	
  9.9	
  d	
  
11.6	
  c	
  
	
  9.2	
  d	
  

Coir-‐ADDF-‐perlite	
  

Coir-‐ADDF-‐rice	
  hulls	
  

Fresh	
  weight,	
  g	
   Maturity	
  raOng	
  
611	
  a	
  
2.50	
  a	
  
537	
  b	
  
2.56	
  a	
  
460	
  c	
  
1.89	
  b	
  
512	
  b	
  
2.56	
  a	
  
402	
  d	
  
2.06	
  b	
  

Poinse8a  –  Materials  and  Methods
• PoinseKa	
  (Euphorbia	
  
pulcherrima	
  ‘Classic	
  Red’)	
  	
  
• Peat-‐ADDF-‐perlite	
  vs	
  	
  
peat-‐perlite	
  	
  
• Flood	
  &	
  drain	
  
subirriga5on	
  
• 19-‐2-‐19	
  fer5lizer	
  @	
  100	
  
ppm	
  N	
  

Poinse8a  –  Materials  and  Methods
• Measured	
  fresh	
  weight,	
  
height	
  and	
  5ssue	
  nutrient	
  
concentra5on	
  	
  	
  
• Periodically	
  extracted	
  poKng	
  
mixes	
  for	
  analysis	
  
• non-‐destruc5ve	
  “PourThru”	
  
method	
  

Poinse8a  -‐  Plant  Growth
Peat-‐Perlite	
  

Peat-‐ADDF-‐pearlite	
  

Poinse8a  –  Plant  Growth  and  Tissue  
Nutrient  Analysis
Fresh	
  weight,	
  g

Dry	
  weight,	
  g

Height,	
  mm

PEAT-‐perlite

117

15.5

177

Peat-‐ADDF-‐perlite

133

18.0

192

*

*

*

Mix

Signiﬁcance
N

P

K

Ca

Mg

Mix

%

%

%

%

%

Peat-‐perlite

3.5

0.27

2.5

0.6

0.5

218

Peat-‐ADDF-‐perlite

3.9

0.34

2.3

0.5

0.5

*

*

*

*

ns

Signiﬁcance

Fe

Mn

Na

Zn

%

mg/kg

82

0.2

51

141

108

0.3

86

ns

*

*

*

mg/kg mg/kg

Poinse8a  –  Media  Phosphorus

Woody  Nursery  Crops    
–  Materials  and  Methods
• Nursery	
  mixes	
  
• 3	
  bark:	
  2	
  peat:	
  1	
  sand	
  	
  
• 3	
  bark:	
  2	
  ADDF:	
  1	
  sand	
  	
  

• Crops	
  
• Bunon	
  bush	
  (Cephalanthus	
  
occidentalis)	
  
• Silky	
  dogwood	
  (Cornus	
  amomum)	
  

• Liners	
  planted	
  in	
  #2	
  nursery	
  pots	
  
• Fer5lized	
  with	
  Osmocote	
  
18-‐6-‐12	
  @	
  30g/pot	
  	
  

Woody  Nursery  Crops    
–  Materials  and  Methods
• Grown	
  outdoors	
  under	
  drip	
  irriga5on	
  ﬁrst	
  season.	
  
• Overwintered	
  in	
  unheated	
  hoop	
  house	
  
• Brought	
  into	
  heated	
  double	
  poly	
  covered	
  greenhouse	
  	
  
• Hand	
  watered,	
  no	
  fer5lizer	
  
• Harvested	
  following	
  growth	
  ﬂush	
  
• Measured	
  height,	
  caliper,	
  number	
  of	
  new	
  shoots,	
  dry	
  weight	
  

	
  	
  

Silky	
  Dogwood	
  

Bu*on	
  Bush	
  

Woody  Nursery  Crops  –  Plant  Growth

Woody  Nursery  Crops  –  Plant  Growth
Height	
  

Dry	
  	
  
Weight	
  

Caliper	
  

New	
  
Shoots	
  

Woody  Cu8ngs–  Materials  and  
Methods
• Nursery	
  mixes	
  
• 3	
  bark:	
  2	
  peat:	
  1	
  sand	
  	
  
• 3	
  bark:	
  2	
  ADDF:	
  1	
  sand	
  	
  

• Species	
  
• Ninebark	
  (Physocarpus	
  opulifoluis)	
  	
  
• Cranberry	
  bush	
  viburnum	
  
(Viburnum	
  opulus)	
  	
  

• Rooted	
  cuKngs	
  planted	
  in	
  2.5”	
  
pots	
  

Woody  Cu8ngs–  Materials  and  
Methods
• No	
  fer5lizer	
  applied	
  
• First	
  season;	
  grown	
  outdoors	
  with	
  hand	
  watering	
  (overhead	
  
irriga5on)	
  
• Overwintered	
  in	
  cold	
  frame	
  
• Forced	
  out	
  of	
  dormancy	
  in	
  heated	
  greenhouse	
  under	
  overhead	
  
irriga5on	
  

Woody  Cu8ngs  –  Plant  Growth

Ninebark	
  

Viburnum	
  

Woody  Cu8ngs  –  Plant  Growth
Dry	
  	
  
Weight	
  

Height	
  

Herbaceous  perennials
• Bark-‐peat-‐perlite	
  vs.	
  bark-‐ADDF-‐
perlite	
  	
  
• Species	
  
• Brunnera	
  (Brunnera	
  macrophylla	
  
‘Jack	
  Frost’)	
  
• Shasta	
  daisy	
  (Lucanthemum	
  
superbum	
  ‘Whoops-‐a-‐Daisy’)	
  	
  
• Phlox	
  (Phlox	
  paniculata	
  ‘David’)	
  
• Liatris	
  (Liatris	
  spicata	
  ‘Kobold	
  
Original)	
  	
  
• Coreopsis	
  (Coreopsis	
  verAcillata	
  
‘Moonbeam’)	
  

	
  

Herbaceous  Nursery  Crops
• Fer5lized	
  with	
  6g/pot	
  
Osmocote	
  18-‐6-‐12	
  
• Plant	
  growth	
  evaluated	
  based	
  
on	
  individual	
  species	
  growth	
  
habits	
  
• Overhead	
  irrigated	
  and	
  
leachate	
  collected	
  for	
  analysis.	
  
• Measured	
  nutrient	
  leaching	
  
from	
  unplanted	
  pots	
  with	
  
mixes,	
  raw	
  ADDF	
  and	
  peat	
  

Herbaceous  Nursery  Crops  –  Plant  Growth
Brunnera	
  
Flower	
  

Maximum	
  ﬂower	
  

Mix

spikes

spike	
  length,	
  mm

Volume,	
  cm3

Bark-‐ADDF-‐perl

2.4

172

1017

Bark-‐peat-‐perl
Coreopsis	
  

1.8

171

791

Mix

Dry	
  weight,	
  g

Bark-‐ADDF-‐perl

8.81

Bark-‐peat-‐perl

9.24

Shasta	
  daisy	
  
Mix

Dry	
  weight,	
  g*

Flowers

Bark-‐ADDF-‐perl

4.29

1.75

Bark-‐peat-‐perl

2.74

1.33

Shasta	
  daisy	
   Coreopsis	
   Brunnera	
  

Bark-‐	
  
Bark-‐	
  
peat-‐perlite	
   ADDF-‐perlite	
  

Herbaceous  Nursery  Crops  –  Phosphorus  Leaching
Brunnera	
  

Coreopsis	
  

Shata	
  daisy	
  

140

Nitrogen  &  phosphorus  
leaching  from  unplanted  
pots

Cumulative P2O5-P leached, µg

120

Phosphate-‐P	
  

100
80
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0

0

200

Ammonium-‐N	
  

800

1000

1200

1400

1600

1400

1600

300
250

Cumulative NO3-N leached, µg

Cumulative NH4-N leached, µg

600

Cumulative leachate volume, ml

5

4

400

3

2

1

0

Nitrate-‐N	
  
Bark-ADDF-perlite
Bark-peat-petlite
ADDF
Peat

200
150
100
50
0

-1

-50

0

200

400

600

800

1000

Cumulative leachate volume, ml

1200
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200
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600
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Cumulative leachate volume, ml

1200

Conclusions
• ADDF-‐containing	
  SPM	
  have	
  physical	
  proper5es	
  similar	
  to	
  
standard	
  commercial	
  SPM	
  
• ADDF	
  may	
  not	
  be	
  as	
  stable	
  as	
  peat	
  

• ADDF	
  is	
  a	
  signiﬁcant	
  source	
  of	
  plant	
  available	
  N	
  &	
  P	
  
• Poten5al	
  for	
  N	
  &	
  P	
  leaching	
  from	
  ADDF	
  

• ADDF	
  can	
  be	
  an	
  eﬀec5ve	
  subs5tute	
  for	
  peat	
  in	
  SPM	
  	
  

Conclusions
• Limita5ons	
  to	
  using	
  ADDF	
  	
  
•
•
•
•

pH	
  control	
  
soluble	
  salts	
  
long-‐term	
  physical	
  stability	
  	
  
irriga5on	
  management	
  

