
ABSTRACT 

LARREA, ELIZABETH SYKES.  Optimizing Substrates for Organic Tomato Transplant 
Production.  (Under the Direction of Mary M. Peet).  

 
Organically grown transplants required by the National Organic Program are rarely 

commercially available and are usually produced on-farm from locally available, inexpensive 

substrates.  Six experiments were conducted to study the effect of potting mixes and their 

components on seed germination and seedling growth of tomato (Lycopersicon esculentum 

Mill cv. ‘Celebrity’) and to compare existing commercial organic and conventional substrates 

with a sample grower mix (GM20) (peat, perlite, vermicompost, feather meal, kelp meal). 

Variations on GM20 were added in some experiments including both higher and lower rates 

of vermicompost and feather meal in order to optimize seed germination and nitrogen 

nutrition.  Although soluble organic fertilizers are often applied to conventional transplants 

after several weeks, no additional fertilizers were added in this study because allowable 

soluble organic fertilizers are generally cost prohibitive and are usually not locally available.  

Analysis of pH, salts, physical properties, nutrient content, and distribution of 

nitrogen between ammonium and nitrate forms was conducted on each potting mix and on 

the components of the grower mix.   Tissue nutrient content was analyzed weekly from each 

treatment to determine plant nutrient status. 

Seed germination was consistently high in the original commercial organic and 

conventional media (73-89%).  Germination in two additional commercial organic mixes was 

significantly lower (76-82%) in all but one case.  Germination in the original grower mix was 

lower than the original commercial substrates, except in Experiment 4, where germination 

was higher overall compared to earlier experiments.  It was not clear which components of 

the grower mix were responsible for reducing germination.  Reducing vermicompost from 



20% to 10% did not consistently improve germination.  Increasing feather meal as a 

component by 50% reduced germination in one of two experiments while doubling its rate 

reduced germination in both experiments.  Eliminating feather meal resulted in comparable 

germination (87-92%) to the original commercial mixes and higher germination than mixes 

containing feather meal in one of the two experiments.  There was also no consistent 

relationship between media pH, salt levels, or physical properties and germination rates.  

Components of the organic mixes and the organic mixes themselves varied considerably 

between experiments in EC and pH except for the original commercial organic mix which 

was consistently low in EC and high in germination.   

In 3 of 4 experiments, transplants grown in GM20 had a significantly higher dry 

weight than those grown in the original commercial organic and conventional potting mixes. 

Nitrogen deficiencies were present by the final week of transplant production in all 

commercial and custom mixes during at least one experiment.  Addition of higher rates of 

feather meal did not consistently eliminate nitrogen deficiencies.  Over all experiments, only 

one phosphorus deficiency was found in a custom mix including vermicompost.  The most 

consistent source of potassium was the conventional mix, with deficiencies showing up by 

week 4 in most of the organic treatments.  Even in the conventional mix, transplants were at 

the critical level for deficiency in one experiment.   

Results of this study indicate that it is possible to add sufficient phosphorus into 

potting media for the period required for transplant production through the utilization of 

vermicompost, however, all media tested would require additions of soluble fertilizer in order 

to provide sufficient nitrogen and potassium.  All media and components tested showed some 

variation with time and batch, but variation in the vermicompost was particularly striking.  



Thus, when utilizing grower mixed substrates it is important to have nutrient analyses 

performed on the substrate prior to use.  Germination was sometimes reduced in media 

containing higher levels of nutrients, so care should be taken to optimize conditions during 

germination. 
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CHAPTER 1 

Literature Review 

Organic Production in the World, U.S., and N.C. 

Organic Agriculture is practiced in most countries of the world with 26 million 

hectares of farmland under organic management globally.  North America and Europe are the 

major markets for organic products, however the organic market is growing in other 

countries as well.  Many countries, including the U.S. and the membership of the European 

Union, have fully implemented regulations on organic farming or are drafting regulations.  

The highest growth in the market for organic products is reported in North America (Willer, 

2005).   

The United States Department of Agriculture’s (USDA) National Organic Program 

regulates organic products with standards that went into effect on October 21, 2002.  Organic 

production as defined by this legislation is,  “a production system that is managed in 

accordance with the Act and regulations in this part to respond to site-specific conditions by 

integrating cultural, biological, and mechanical practices that foster cycling of resources, 

promote ecological balance, and conserve biodiversity,” (USDA, 2002).  These regulations 

require certification of farmland by agencies approved by the USDA in order for crops 

produced to be labeled and sold as organic.  As a result, the USDA defines organic, “A 

labeling term that refers to an agricultural product produced in accordance with the Act and 

the regulations in this part,” (USDA, 2002).  These regulations require, among other 

specifications, that organic seedlings be used for establishment of annual crops, that compost 

be produced under specified conditions, and that fertility inputs appear on the National List 

of Allowed Substances (USDA, 2002). 



2 

U.S. farmland managed under certified organic farming systems doubled between 

1992 and 1997 and continued to increase significantly between 1997 and 2001 (Dimitri and 

Greene, 2002).  Consumer demand for organically grown food also increased and indications 

are that consumer preferences for organic products will continue to grow as will this segment 

of U.S. agriculture.  Fresh produce is the top-selling organic category and accounts for 42% 

of all organic food sales (Dimitri and Greene, 2002).  Of the 48,227 acres of organic 

vegetable crops grown nationwide in 1997, over twenty-five percent of the acreage was in 

lettuce, tomatoes, or carrots (Greene, 2001) with tomatoes being the number one commodity 

among fresh organic fruits and vegetables purchased (Oberholtzer et al., 2005).   U.S. 

certified organic cropland totaled 1,309,683 acres in 2001 (USDA 2005). 

As of 2001, total certified organic acreage in North Carolina totaled 1,377 acres 

(Greene, 2003).  North Carolina vegetable acreage under certified production was 600 acres 

with 6 acres of tomatoes and 595 acres of mixed vegetables (USDA, 2001). 

Use of Transplants and Transplant Production 

Establishing a Solanaceous crop by transplanting is often preferred over direct 

seeding because of better control over seed germination, better space utilization in the field 

and a longer or earlier growing season (Wien, 1997). Most fresh market tomatoes in the 

United States are grown from transplants (Vavrina, 2002).  

Transplants are typically started in containers in the greenhouse where abiotic factors 

such as temperature and water can be controlled.  The goal of all transplant production is to 

provide healthy, productive, sturdy and compact plants that will establish well and grow 

quickly after transplanting.   
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Many factors are involved in producing desirable transplants.  Container size is one 

consideration in transplant production as growth rates of vegetable seedlings tends to be 

proportional to the volume of the container in which it is grown.  Watering and fertilization 

must be managed carefully to produce consistent high-quality transplants. The age of 

seedlings at transplanting is also important, as seedlings that remain in containers too long 

may exhibit stunted or delayed growth and decreased yield.  Uniformity and appearance of 

seedlings is important to growers purchasing transplants.   Leafy, green tomato transplants 

between twelve and seventeen centimeters in height, with thick stems are generally preferred. 

Roots should be white, thick, and fill the container from top to bottom  (Garton et al., 1994).   

Because of the need to control plant growth, transplant production is typically carried 

out in soilless media. Soilless media provides optimal conditions for root growth, and 

improves regulation of water and nutrient supplies compared to plants grown in soil (Wien, 

1997).  There are a wide variety of soilless mixes available.  Most conventional soilless 

mixes include an initial nutrient “charge” and a wetting agent added to some combination of 

peat, perlite and vermiculite. Further fertilization for vegetable seedlings is typically not 

needed until after expansion of the first true leaves. High fertilizer and salt levels can delay 

or cause complications during germination and early plant growth when present either in the 

media as a starter charge or when added later as a soluble fertilizer (Vavrina, 2002).  

Organic Transplant Research 

Research on organic vegetable transplant production methods is extremely limited.  

Most information available to organic farmers regarding transplant production is either based 

on research done with conventional systems or anecdotal information rather than focused 

scientific investigation.  Controlled studies with organic potting mixes have typically 
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compared particular media amendments but have rarely worked with a mix of ingredients 

with the aim of providing sufficient nutrition throughout the transplant period. 

Preliminary NCSU work on this project includes the thesis research of Miles (2000) 

comparing organic, conventional, and biorational systems for producing greenhouse 

tomatoes in bag culture repeated for five growing seasons. Transplants were produced in 

Miles’ study utilizing a custom blend of Fafard 4-P omitting starter charge and wetting agent. 

Some local organic growers have continued to utilize this custom blend for their transplant 

production. Problems observed in Miles’ study were transplant nutrient deficiency 

symptoms, which appeared by the time the tomatoes were large enough for transplanting. 

The media in the bags utilized for production consisted of 20% vermicompost, organic 

fertilizers and lime.  These materials should have been adequate for early transplant growth, 

however plants were slow to recover from the stunted condition at transplanting. Efforts to 

add additional fertilizers resulted in burning.   

Organic equivalents of a conventional starter fertilizer can be added, but should not 

cause high salt levels in the media. For example, soybean meal was found to create excessive 

salt levels in the seedling rootzone which inhibited germination and seedling development in 

pepper transplants (Brown, 2004). Slow release nitrogen fertilizers are typically not used for 

vegetable transplant production as plant height may become excessive with constant nitrogen 

availability (Vavrina, 2002). 

Organic Fertilizers and Amendments 

Gagnon and Berrouard (1994) investigated the effects of an array of organic 

fertilizers on the growth of tomato transplants.  Of the fertilizers studied, blood meal, feather 

meal, meat meal, crab-shell meal, fish-meal, and dried whey sludge were found to produce 
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the best plant growth. Cottonseed meal was also found to be effective for growing tomato 

transplants, although it did not perform as well as the materials listed previously.  Alfalfa 

meal, canola meal, and wheat bran did not significantly increase dry weight compared to 

control (unfertilized plants) and caused delayed growth and leaf distortion in the first weeks 

after planting.   

Compost 

Compost is a common media ingredient among organic growers (Kuepper and Adam, 

2002).  A number of studies have been conducted to determine the appropriateness of 

including various types of compost for transplant production.  Raviv et al. (1998) found that 

fertilized tomato seedlings produced in a mix of thirty percent compost (from cattle manure), 

30 percent peat, and 40 percent vermiculite had greater dry weights than plants produced in 

peat and vermiculite (60:40) alone.  In this study, mature plants grown in the compost-

amended media also produced higher yields than plants grown in media without compost.  

Compost may also have an impact of seed germination.  For example, Gajdos (1997) found 

that additions of 10-40 percent compost made from municipal solid waste reduced or delayed 

the seed germination of lettuce and radish. Compost also has suppressive effects on a variety 

of plant pathogens, particularly in container production.  Composts made from a variety of 

input materials have been shown to prevent or control root and soil-born diseases when 

utilized as components of container media (Litterick et al., 2004). 

Vermicompost 

Vermicomposting is a decomposition process in which earthworms mechanically 

break down materials while microbes biochemically decompose the material resulting in a 

stabilized peat-like compost (referred to as vermicompost or worm castings) rich in organic 
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matter, with a low C:N ratio, high rate of mineralization, and greatly enhanced nutrient 

availability to plants (Dominguez, 2004).  With vermicompost, earthworms are the agents of 

turning, fragmentation, and aeration of raw organic materials and production of 

vermicompost lacks a thermophilic stage (Gershuny, 2004).   

Vermicompost characteristics depend both upon the source of wastes that are worked 

by the worms and the maturity of resulting vermicompost.  Hidalgo and Harkess (2002) 

found differences between worm castings made from sheep, horse, and cattle waste. They 

found greater bulk density and water holding capacity but decreased pore space in worm-

composted sheep manure than in that from horses or cattle. Vermicompost from horse 

manure had the greatest cellulose concentration of the three manure sources, which led to 

increased air space and decreased water-holding capacity.  Vermicompost from horse manure 

had a significantly lower pH than either sheep or cattle castings while the electrical 

conductivity of sheep castings was significantly greater than that of horse or cattle castings.  

Handreck (1986) found that potting mixes amended with vermicompost produced from 

sheep, cattle, poultry, and hog waste varied widely among sources in terms of nutrient 

content. 

Effects of Vermicompost on Seed Germination 

Research utilizing vermicompost either alone or in potting media found variable 

effects on seed germination. Atiyeh et al. (2000a) found that substitution of commercial 

potting media with 20 – 40% vermicompost significantly increased the germination rates of 

tomato seed while Buckerfield et al. (1999) found that seed germination in radish decreased 

or was delayed as the percentage of vermicompost added to a substrate increased.   
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Effects of Vermicompost on Plant Growth 

Atiyeh et al. (2000b) found that mixing ten to twenty percent vermicompost with 

either a coconut coir / perlite or peat / perlite mix resulted in growth similar to or better than 

the commercial control (Metro Mix 360).  Handreck (1986) found that inclusion of 

vermicompost in a soil-less potting mix would eliminate the need for another source of 

phosphorus.   

Feather meal 

Feather meal is a by-product of the poultry processing industry and is used as both a 

component of animal feed and a slow release organic nitrogen fertilizer. It is high in protein 

and has an analysis of 15% nitrogen (Hadas and Kautsky, 1994).  North Carolina has an 

extensive poultry industry, with the total value of all revenue from chicken production in 

2003 valued at $78,525,000, and is in the top three states nationally in terms of the number of 

turkeys raised.  As the state’s third largest agricultural commodity, it produced 10% of the 

nation’s poultry and egg products in 2002  (North Carolina Department of Agriculture and 

Consumer Services, 2002).  Due to the availability and low cost of feather meal in the state, it 

is currently being widely utilized by local organic growers. 

Hadas and Kautsky (1994) determined the rate of nitrogen mineralization of feather 

meal in soil and changes in microbial activity following its application to soil.  In this study, 

approximately 45, 55, and 65% of fertilizer N were released after 1, 2, and 8 weeks 

respectively.   Total number of bacteria increased due to the addition of feather meal after 

only one day, with a second pulse obtained at 14 days. 



8 

Kelp Meal  

In addition to containing small amounts of nitrogen and potassium, manufacturers of 

kelp meal advertise that it contains plant growth regulators and trace elements, is a chelating 

agent, and enhances microbial activity.  While no research could be found that utilized kelp 

meal, some studies have utilized various seaweed extracts. Seaweed extracts are generally 

applied to promote growth and prevent pests and diseases with their efficacy presumably 

based upon plant hormones and trace nutrients present in the extracts (Verkleij, 1992).  

Emino (1981) found that utilization of fish soluble nutrients including seaweed had no 

stimulating effects beyond that attributable to nutrient content.  Meerow and Broschat (1996) 

found that a kelp product had a marginal effect on root growth of hibiscus.  Seaweed extracts 

have been found to be more beneficial when plants are subjected to nutrient stress or pests 

and diseases (Verkleij, 1992).  For example, Nelson and Van Staden (1984) found that plant 

dry weight was increased when nutrient stressed cucumbers were treated with a commercial 

seaweed concentrate. 

Conclusion 

 As the organic industry continues to grow both in the United States and abroad, the 

need for organically grown vegetable transplants will continue to increase, particularly for 

crops such as fresh market tomatoes, which are usually transplanted.  Nielsen and Thorup-

Kristensen (2004) have suggested that improved organic growing media could supply most 

of the nutrients needed for plant growth and reduce the need for soluble nutrient additions.  

In order to diminish the need for soluble nutrient additions, allowable organic amendments 

must be incorporated into container media for transplant production.  A number of organic 

fertilizers, including compost, which is frequently utilized by organic growers should be 
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studied in terms of their effect on plant growth.  Vermicompost, feather meal, and kelp meal 

appear to be particularly promising for incorporation into potting media.  Vermicompost is 

frequently utilized by growers due to the high level of plant available nutrients.  

Vermicompost is not specifically allowed under the USDA’s National Organic Program, but 

many certifying agencies allow its use (Riddle and Ford, 2003).  Feather meal is widely 

available in North Carolina due to the state’s extensive poultry industry and has been selected 

for its local availability, low cost, and high nitrogen content.  Kelp has small amounts of both 

nitrogen and potassium in addition to its potential for promotion of plant growth. It is also 

widely used by organic growers, but has not been evaluated in published trials.
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CHAPTER 2 

  TOMATO SEED GERMINATION IN ORGANIC POTTING MEDIA 

Abstract 

 Organically grown transplants required by National Organic Program are rarely 

commercially available and are usually produced on-farm from locally available, inexpensive 

substrates.  Four experiments were conducted to study the effect of potting mixes and their 

components on germination of tomato seed (Lycopersicon esculentum Mill cv. ‘Celebrity’) 

and to compare existing commercial organic and conventional substrates with a sample 

grower mix (GM20) (peat, perlite, vermicompost, feather meal, kelp meal). Commercial 

potting mixes included one organic (SG) and one conventional (F4P) potting mix in all four 

experiments, and two additional organic (F10 and F20) potting mixes in Experiments 3 and 

4.  Variations on the GM20 and mixes containing single components of GM20 were added in 

Experiments 2-4.  

Seed germination was consistently high in the original commercial organic and 

conventional media (73-89%).  Germination in the two additional commercial organic mixes 

was only 76-82%, significantly lower than the two original mixes in all but one case.  

Germination in the original grower mix was lower than the original commercial substrates, 

except in Experiment 4, where germination was higher in all treatments compared to earlier 

experiments.  It was not clear which components of the grower mix were responsible for 

reducing germination.  There was no consistent relationship between media pH, salt levels, or 

physical properties and germination rates.  Components of the organic mixes and the organic 

mixes themselves varied considerably between experiments in EC and pH except for the 

original organic mix which was consistently low in EC. 
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Introduction 

 U.S. farmland managed under certified organic farming systems expanded 

substantially during the last decade and indications are that consumer preferences for organic 

products will continue to grow as will this segment of U.S. agriculture (Greene, 2001).   

However, research to support this segment of agricultural production, and specifically 

organic vegetable transplant production methods is extremely limited.  Most information 

available to organic farmers regarding transplant production is either based on research done 

with conventional systems or anecdotal information rather than focused scientific 

investigation.   

Scientific studies conducted with organic potting mixes have typically involved 

evaluating particular media amendments but have rarely worked with a mix of ingredients 

with the aim of providing both adequate seed germination and sufficient nutrition throughout 

the transplant period. Organically grown transplants conforming to specifications by the 

National Organic Program are rarely available commercially, so they must be produced on-

farm as are the potting mixtures themselves.   Commercial organic mixes are expensive, and 

not always locally available.  Although ‘recipes’ and anecdotal information are available, 

most growers develop their transplant potting mixes through trial and error, as few guidelines 

and even fewer published experimental reports are available.  

One limiting factor in organic potting media is that mixes that provide adequate 

nutrition for plant growth do not necessarily provide optimal conditions for seed germination, 

as salt levels may be above optimal.  Seed germination is the first step in crop production and 

adequate seed germination is necessary for transplant production to be space and cost 

effective.  In order for seeds to germinate, they must be exposed to adequate conditions 
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including water, temperature and oxygen (Bradbeer, 1988).  Both the physical and chemical 

properties of the soil affect seed germination.  Specifically, high salt content in a sowing 

media can inhibit germination (Mayer and Poljakoff-Mayber, 1989).   

Compost is a common media ingredient among organic growers (Kuepper, 2002).  A 

number of studies have been conducted to determine the appropriateness of including various 

types of compost for transplant production.  Raviv et al. found that substituting peat moss 

with composted cattle manure significantly improved seedling growth (Raviv et al., 1998).  

Gajdos (1997) found that additions of 10-40 percent compost made from municipal solid 

waste reduced or delayed the seed germination of lettuce and radish . 

 Vermicompost, a type of compost rich in organic matter and plant available nutrients 

generated as earthworms break down organic waste (Dominguez, 2004) is frequently added 

to organic potting mixes and has been reported to affect seed germination. Atiyeh et al. 

(2000a), found that substitution of commercial potting media with 20 – 40% vermicompost 

significantly increased the germination rates of tomato seed while Buckerfield et al. (1999) 

found that seed germination in radish decreased or was delayed as the percentage of 

vermicompost added to a substrate increased. 

 The general objective of this study was to study the effect of potting mixes and their 

components on germination of tomato seed (Lycopersicon esculentum Mill cv. ‘Celebrity’). 

Specific aspects studied included; 1) Comparison of commercial conventional and organic 

mixes; 2) Comparison of a mix recipe utilized by local organic growers with commercial 

mixes; 3) Analysis of pH, salts, and ammonium content of each of the components of the 

local mix; 4) Analysis of the physical properties of the commercial and grower mixes and 

components of the grower mix to assess potential effects on germination. 
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Materials and Methods 

Treatment Overview 

Four experiments were conducted in the NCSU greenhouses using the tomato cultivar 

‘Celebrity’. This cultivar was selected because it is popular with organic growers in the 

Piedmont area of NC. Organic certification requires the use of organically grown seed.  No 

organically grown seed of ‘Celebrity’ was available but untreated seed was obtained from 

Harris Seeds (Rochester NY) for Experiments 1-3 and from Johnny’s Selected Seeds 

(Winslow, Maine) for Experiment 4. Different seed lots were utilized for all experiments. 

Percentage germination of seed lots utilized for the four experiments ranged from 85% in the 

experiments 1 and 2 to 89% in experiments 3 and 4.  All research was conducted in the 

Marye Anne Fox Science Teaching Laboratory greenhouses on N.C. State’s main campus.  

Greenhouses were glasshouses with evaporative cooling pads and automated sunshade cloth.   

Treatments (Table 2.1) in the first experiment were included in Experiments 2-4. Two 

additional treatments were added in experiment 2, and another 6 treatments were included in 

experiments 3 and 4.  The purpose of the additional treatments is described more thoroughly 

below, but the general objectives of experiments 2-4 were to test additional commercial 

organic mixes coming on the market and to optimize the percent of the various components 

of the locally used mix.   

Experiment 1 was conducted from March 17 - 27, 2004 (early spring)  and utilized an 

organic (SG), a conventional (F4P) commercial mix and a “grower’s mix” (GM20) utilized 

by organic growers in the Piedmont area of NC for transplant production. Components of the 

original 3 mixes, as well as the subsequent 7 mixes are further described in Table 2.1. All 

experiments utilized a complete randomized block design.  A log transformation was 
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performed on germination percentage data.  An analysis of variance was conducted using the 

Waller Duncan test in SAS (SAS Institute Inc., Cary, NC) for windows version v8. 

Experiment 2 was conducted May 24 -June 4, 2004 (late spring) , and included the 

three treatments from experiment 1 as well as a variation of the original grower’s mix 

(GM10). In Experiment 1 seeds sown in GM20 exhibited reduced germination compared to 

the commercial mixes. The purpose of the additional treatment in experiment 2 was to test 

the hypothesis that reducing the percentage of vermicompost from 20% to 10% would 

increase germination.  

Experiment 3 was conducted from July 15 - July 24 (summer). This experiment 

included the four treatments utilized in Experiments 1-2 as well as treatments in which single 

organic fertilizers were mixed with the peat / perlite base in order to determine the individual 

effect of each component on seed germination. A treatment was also added in which feather 

meal and vermicompost were mixed with the peat / perlite base to determine the effect of 

these two fertilizers in combination.  Two additional commercial organic mixes, which had 

become available for grower use, were also added for comparison. In this experiment, 25 and 

30 grams of elemental S was added to all mixes containing 10% and 20% vermicompost, 

respectively, in order to lower pH. 

Experiment 4 was conducted March 10 – 22, 2005 (early spring, essentially the same 

conditions as Experiment 1).  This experiment repeated all treatments utilized in experiment 

three during the spring season when the greatest number of organic transplants would be 

produced by growers. 
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Mixing of Substrates in Non-Commercial Treatments  

Custom organic potting mixes were prepared for each experiment as detailed below.  

Ingredients of each of the custom potting mixes are listed in Table 2.1.  In Experiment 1 all 

ingredients were mixed for five minutes in a cement mixer.  Large clumps remaining were 

broken up by hand and the mixer was run for an additional five minutes. The process was 

repeated one additional time for a total of fifteen minutes of mixing.  In Experiments 2-4, 

vermicompost was passed through a ¼ inch sieve prior to being added to the mixer in order 

to reduce clumping.  The peat / perlite base was added to the cement mixer at the same time.  

Other ingredients of the GM10 and GM20 mixes were added with the mixer running.  The 

mixer was run for 15 minutes after all materials were added.   

Seeding, Plant Care and Data Collection 

Experiment 1: 

 GM20 was passed through a ¼ inch (mm) sieve to remove any remaining clumps and 

distributed evenly into six -cell inserts cut apart from a 72-cell plug tray.  Two seeds were 

placed in each cell for five replicates of six cells each.  A commercial organic mix, Sun Gro 

Sunshine Growers Organic (Sun Gro Horticulture Canada Ltd., Vancouver, British 

Columbia), and a conventional commercial mix, Fafard 4P (Conrad Fafard, Inc., Agawam, 

MA) were placed in trays, seeded into ¼ inch holes and additional media of the same 

treatment was added to cover the seeds.  All media were watered to runoff upon completion 

of seeding.  Subsequently plants were subirrigated daily by placing a saucer under seeded 

flats, applying 200 mL of water for 1 hour, and then removing the saucer and excess water.  

Germination data was collected at the same time daily from March 23 -27, 2004.   
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Pour thru analysis utilizing the methods described by Cavins et al. (2000) was 

conducted immediately prior to seeding and at the end of the germination period to determine 

the electrical conductivity (EC) and pH of the leachate as an indication of rootzone 

conditions.   Analyses were conducted using a pH/EC/TDS meter by Hanna Instruments 

(Woonsocket, RI).  Leachate samples were submitted to Agronomic Division, North Carolina 

Department of Agriculture (NCDA) for elemental analysis and analysis was completed 

utilizing the procedures detailed in Plank (1992).   

Experiment 2: 

 On May 24, 2004, six replicates of 72 cell plug trays were filled with four 

potting mixes (GM10, GM20, Sun Gro Sunshine Growers Organic, and Fafard 4P) for a total 

of twenty-four trays and 1728 seeds.  The media was initially wetted as in Experiment 1, but 

then placed in a mist bed set to irrigate every eight minutes for eight seconds for one day 

before seeding (May 26).  At seeding, additional media was added to cover the seeds, trays 

were watered in and returned to the mist beds.  Only 1 seed was planted per cell, as opposed 

to 2 seeds per cell in Experiment 1. Germination data was collected daily from May 31st -

June 4th.   

In addition to the pour-through sampling conducted as in Experiment 1, samples of 

each potting mix and unmixed vermicompost were submitted to NCDA for analysis as waste 

material (Table 2.7).  Waste analysis was completed utilizing the procedures detailed in 

Plank (1992). 

Experiment 3: 
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Procedures were as in Experiment 2 except that four replicates of 10 different 

substrates were tested (Table 2.1). Seeding took place July 15, 2004 and germination data 

was collected July 20-24. 

In addition to pour through samples, samples of each potting mix as well as unmixed 

vermicompost and feather meal were submitted to NCDA for analysis as waste materials 

(Table 2.7). 

Experiment 4: 

 Procedures were the same as in Experiments 2 and 3, with four replicates of the same 

substrates as in Experiment 3. However, pre-wet trays were not placed in the mist beds 

before seeding as was done in Experiments 2-3.  Trays were filled on March 10, 2005 and 

seeded March 11. Vermiculite rather than the treatment substrate was place over the seed. 

 Throughout the experiment, trays were hand watered with a 2 gallon per minute 

foggit nozzle (DRAMM Corporation, Manitowoc, Wisconsin) two to three times daily during 

the germination period.  Substrates received different amounts of water, depending on the 

appearance of the surface.  Germination data was collected from March 18 - March 22. 

 Pour through and waste samples were collected and submitted to NCDA as in 

experiments 2 and 3.  Analysis of media physical properties was completed for all treatments 

by the North Carolina State University Horticultural Substrates Lab utilizing the procedures 

in Fonteno and Bilderback (1993). 
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Results  

Seed germination in Commercial Mixes 

Percent germination (Table 2.2) was consistently high in the two original commercial 

potting mixes, Fafard 4P and Sun Gro Sunshine Growers Organic. In this case, organic 

substrate had similar germination compared to conventional mixes.   

Seed Germination in custom mixes varied.  Seed germination in the original organic 

grower’s mix, GM20, was significantly reduced compared to the commercial potting medias 

in all experiments except Experiment 4. Reducing the percentage of vermicompost from 20% 

to 10% increased germination in Experiment 2 to levels not significantly different from the 

commercial mixes, however, in Experiment 3, seed germination in GM10 was reduced 

compared to all other mixes included in that study (Fafard 4P, Sun Gro Sunshine Growers 

Organic, and GM20).  In Experiment 4, both GM10 and GM20 were comparable to Fafard 

4P and Sun Gro Sunshine Growers Organic.  Thus reducing the percentage of vermicompost 

increased germination in only one out of the three experiments.  

In trying to analyze the other components contributing to lower germination in the 

grower mixes, seed germination in the mixes containing only the peat / perlite base plus 

feather meal (FM mix) and the base plus kelp meal (KM mix) was comparable to Fafard 4P 

and Sun Gro Sunshine Growers Organic. Seed germination in both remaining mixes that 

included vermicompost, VC mix and FMVC mix, was reduced compared to Fafard 4P and 

Sun Gro Sunshine Growers Organic.   

In experiment four, seed germination was much more consistent among treatments 

than in the other three experiments.  Seed germination was greatest in GM20 although 

comparable to Fafard 4P, Sun Gro, and all additional grower mixes.   
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In specifically comparing the commercial mixes, seed germination in the Sun Gro 

Sunshine Grower’s Organic was comparable to the conventional mix (Fafard 4P) in all 

experiments.  Two additional organic potting mixes were utilized in Experiments 3 and 4. In 

Experiment 3, the Fafard Organic 10 outperformed the Fafard Organic 20 in terms of seed 

germination and was comparable to both the Sun Gro and the Fafard 4P while seed 

germination in the Fafard Organic 20 was significantly reduced compared to the other three 

commercial mixtures.  In experiment 4, seed germination was reduced in Fafard Organic 10 

and Fafard Organic 20 compared to Sun Gro and Fafard 4P. 

pH 

 The average pH in experiment one was highest in GM20 with a pH of 7.10.  The Sun 

Gro Sunshine Growers Organic had an average pH of 6.92 while the pH of the Fafard 4P was 

5.94.  The pH of GM20 was slightly lower in the other three experiments as a result of the 

addition of sulfur to the mixture in order to lower the pH.  The subsequent averages for pH 

for GM20 were 5.86, 6.62, and 6.40 for experiments two, three and four respectively.  The 

average pH for the Fafard 4P was relatively constant in the upper 5’s to low 6’s for all 

experiments.  The average pH for Fafard 4P was 6.43, 5.97, and 6.42 in Experiments 2, 3 and 

4 respectively.  The Sun Gro Organic was also relatively constant with an average pH of 

6.92, 6.60, and 6.45 in the remaining experiments.  All additional treatments had readings 

between 6.00 and 6.90 in experiment three and between 5.37 and 6.85 in Experiment 4.  

Average pH data for all treatments are detailed in Table 2.4. 

EC 

 There was a wide range in EC readings among experiments and among treatments.  

EC was measured both at the time of seeding and during week two of each experiment once 
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all germination data had been collected.  There was a large drop in EC readings between the 

two readings.  The average initial EC readings for Fafard 4P were 1.50, 1.34, 3.06, and 1.53 

in Experiments 1 through 4.  The average EC readings for the Sun Gro were consistently the 

lowest among all treatments with initial readings of 0.20, 0.46, 0.262, and 0.69 for 

Experiments 1 through 4.  The initial reading for GM20 was much lower in Experiment 1 

than any other experiment with a an average reading of 0.69 in experiment one while 

readings were 4.52, 3.86, and 3.99 in Experiments 2 through 4.  The average initial EC 

values for the remaining treatments in all experiments are detailed in Table 2.5.  The average 

EC readings during week 2 for all treatments and experiments are listed in Table 2.6. 

Elemental analysis 

 Elemental analysis results indicate that the organic amendment with the greatest 

variability was the vermicompost.  These varied greatly between batches both in terms of 

available nutrients and the quantity of soluble salts (Table 2.3).  The quantity of soluble salts 

ranged from 20 parts per million (ppm) in the batch used for experiments one and two to 516 

ppm in the batch used for experiment 4.  The available nutrients in the batch utilized for the 

fourth experiment were also much higher with 17788 ppm, 16171 ppm, and 2173 ppm for 

nitrogen, phosphorus, and potassium respectively compared to 6618 ppm, 547 ppm, and 478 

ppm in the batch utilized for experiments one and two.  Both soluble salts and available 

nutrients were of an intermediate value for the batch utilized for experiment three. 

 Results of waste analysis show that the GM20 mix had the highest level of soluble 

salts of all potting mixes with 169 in Experiment 2, 210 ppm in Experiment 3 and 229 ppm 

in Experiment 4.  Sun Gro had 31 ppm of soluble salts in experiment three and 36 ppm in 
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Experiment 4 while Fafard 4P had 98 ppm and 128 ppm in Experiments 3 and 4 respectively.  

Elemental analysis data for Experiments 2, 3 and 4 for all treatments are shown in Table 2.7. 

Physical Properties  

 Porometer analysis did not indicate any substantial differences between the physical 

properties of the potting mixes utilized (Table 2.8). 

Discussion 

All results were somewhat variable among treatments and among experiments.  

Variability is probably due in large part to two factors; the variability of products utilized, 

particularly organic materials utilized for the grower mixes, and differences in watering 

protocol among experiments.  Some variability is potentially due to differences in 

environmental conditions given that experiments one and four were conducted during the 

spring while experiments two and three were conducted during the summer. 

The experiment with the most consistent germination among treatments was 

experiment four.  This was the only experiment in which treatments were hand watered 

throughout the germination period.  In experiment one, water was provided via sub-irrigation 

while experiments two and three utilized mist beds for irrigation.  Utilizing both techniques 

from experiments one through three, equal amounts of water were provided to all treatments 

regardless of substrate conditions.  However, by hand watering in experiment four, water was 

provided to the substrate as needed potentially providing improved conditions for seed 

germination resulting in the more consistent seed germination among treatments.   

Another possible explanation for the more consistent percent germination among 

treatments in experiment four is the use of vermiculite to cover seeds rather than the use of 

the relevant potting media.  The use of vermiculite or a similar material is often 
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recommended to cover seeds for germination as it is a media that will maintain high humidity 

and moisture while allowing maximum aeration at the seed level (Cantliffe, 1998).  Thus, it 

is possible that improved and consistent germination was due to improved conditions as a 

result of the use of vermiculite.  It is possible given the results of experiment four that the 

poor seed germination observed in experiments one through three can be overcome to some 

extent with careful watering of the substrates and utilizing vermiculite to cover seeds rather 

than the growth media. 

There may be some relationship between the level of soluble salts in the mixtures 

utilized and the percent germination of seeds sown in that mixture, however due to the 

overall variability of results in these experiments, any pattern remains unclear.  EC 

measurements both at the time of sowing (Table 4.4) and two weeks later (Table 4.6) were 

relatively inconsistent between experiments. The clearest relationship between EC and 

percent germination can be found in experiment three in which the four treatments with the 

greatest percent germination; Sun Gro, FM Mix, KM mix, and Fafard 4P had the lowest 

initial EC measurements. 

In general, of the treatments utilized in all four experiments, seed germination was 

greater in the commercial organic (Sun Gro Sunshine Growers Organic) and conventional 

(Fafard 4P) treatments than in the original grower’s mix (GM20).  However with careful 

watering, as in experiment four, it is possible that an acceptable level of seed germination can 

be obtained in the GM20 mixture.  None of the variations of the original custom mix utilized 

consistently provided for improved germination over the GM20 with the exception of the 

Kelp Meal mix (KM mix) which would not provide adequate nutrition for transplant 
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production.  Nor did either Fafard organic Mix (Fafard Organic 10, Fafard Organic 20) 

provide for seed germination greater than the Sun Gro Sunshine Growers Organic mix.  
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Tables 
 
Table 2.1:  List of treatments and their contents; abbreviations for those treatments. 

Type of Mix Contents or Brand Name Abbreviation  
Commercial 
Conventional 
Mix 

1.  Fafard 4P:  Peat moss, perlite, 
vermiculite, processed pine bark, 
wetting agent, starter charge 

F4P Experiments 
1-4 

Commercial 
Organic Mixes 

2.   Sun Gro:  Sunshine Growers 
Organic:  Peat moss, coco fiber, 
perlite, vermiculite, screened pumice, 
dolomitic limestone, an organic 
fertilizer (turkey litter and blood 
meal), yucca Extract (an organic 
wetting agent) 

SG Experiments 
1-4 

 3.  Fafard Organic Formulation #10:  
Peat moss (80%), perlite, dolomitic 
limestone, gypsum, Nature Safe 
Fertilizer 10-2-8, Nature Safe 
Fertilizer 8-3-5 

F10 Experiment 
3-4 

 4.   Fafard Organic Formulation #20:  
Peat moss (70%), perlite, vermiculite, 
dolomitic limestone, gypsum, Nature 
Safe Fertilizer 10-2-8, Nature Safe 
Fertilizer 8-3-5 

F20 Experiment 
3-4 

Custom Organic 
Mixes 

5.   0.04 cubic meters peat / perlite 
(1:4) base, 20% vermicompost1 (11.0 
L), 310 mL feather meal2, and 133 
mL kelp meal3 

GM204 Experiments 
1-4 

 6.   0.04 cubic meters peat / perlite 
(1:4) base, 10% vermicompost (5.5 
L), 310 mL feather meal, and 133 mL 
kelp meal 

GM105 Experiments 
1-2 

 7.   0.04 cubic meters peat / perlite 
(1:4) base, 10% vermicompost (5.5 
L), and 310 mL feather meal 

FMVC Mix Experiment 
3-4 

                                                 
1 The vermicompost utilized were made from hog waste and obtained from Vermicycle 
Organics, Inc. (Wilson, NC). Vermicompost contributed N,P,K and micronutrient (Table 
2.3) 
2 Feather meal was included to provide addition N and was obtained from Nutrimax, Inc., 
(Laurinburg, NC). Actual analysis shown in Table 2.7 (FM Mix). 
3 Kelp meal was included to provide additional K. It was manufactured by Espoma (The 
Espoma Company, Millville NJ) and obtained locally. Actual analysis is shown in Table 
2.7 (KM mix). 
4 In Experiments 3 and 4, 30 g of S was added to reduce the pH. 
5 In Experiments 3 and 4, 25 g of S was added to reduce the pH. 
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 8.   0.04 cubic meters peat / perlite 
(1:4) base, and 10% vermicompost 
(5.5 L) 

VC Mix Experiment 
3-4 

 9.   0.04 cubic meters peat / perlite 
(1:4) base, peat / perlite mix and 310 
mL feather meal 

FM Mix Experiment 
3-4 

 10.   0.04 cubic meters peat / perlite 
(1:4) base, and 133 mL kelp meal 

KM Mix Experiment 
3-4 
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Table 2.2:  Percent germination of potting media in 4 experiments 
 Experiment 1 Experiment 2 Experiment 3 Experiment 4 
Treatment Average 

Percent 
Germination 

Transformed 
Average, 
Waller 

Grouping 

Average 
Percent 

Germination

Transformed 
Average, 
Waller 

Grouping 

Average 
Percent 

Germination

Transformed 
Average, 
Waller 

Grouping 

Average 
Percent 

Germination

Transformed 
Average, 
Waller 

Grouping 
Fafard 4P 73.33  4.39 - A 88.66 4.46 - A 89.93 4.49 - A 86.55 4.46 – AB 

Sun Gro 78.33 4.29 - A 82.88 4.37 - A 87.15 4.46 - A 89.23 4.49 – AB 
GM 20 40.00 3.61 - B 46.53 3.69 - B 41.67 3.69 – D 92.71 4.523 – A 
GM 10   84.96 4.39 - A 26.73 3.19 – E 87.15 4.47 – AB 
FMVC 
Mix 

    67.31 4.21 – ABC 84.37 4.43 – ABC 

FM Mix     84.72 4.44 – AB 83.33 4.42 – ABC 
VC Mix     57.64 4.04 – C 87.15 4.47 – AB 
KM Mix     87.15 4.47 – A 89.59 4.49 – AB 
Fafard 
Organic 
10 

    75.69 4.32 – ABC 82.64 4.41 – C 

Fafard 
Organic 
20 

    64.23 4.13 - BC 81.94 4.39 - C 

* Areas in gray indicate treatments that were not included in that experiment. 
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Table 2.3:  Results of waste analysis on vermicompost.  Units are parts per million with the 
exception of pH. 
Experiment  C:N Carbon Nitrogen Phosphorus Potassium pH Soluble 

Salts 
1 & 2 60.98 403,533 6,618 547 478 5.91 20.00
3  16.76 

 
274,175 16,358 17,034 791 6.53 88.00

4  12.62 224,529 17,788 16,171 2,173 6.06 516.00
 
 
Table 2.4:  Average pH of potting media in 4 experiments 

Treatment Experiment 1 Experiment 2 Experiment 3 Experiment 4 
Fafard 4P 5.94 C 6.43 B 5.98 F 6.43 C 
Sun Gro 6.92 B 6.92 A 6.60 D 6.45 BC 
GM 20 7.10 A 5.87 C 6.63 CD 6.40 C 
GM 10  6.03 C 6.70 BCD 6.43 C 
FMVC Mix   6.73 BC 6.18 D 
FM Mix    6.90 A 6.85 A 
VC Mix   6.33 E 5.38 F 
KM Mix   6.75 B 6.63 B 
Fafard 
Organic 10 

  6.30 E 5.43 F 

Fafard 
Organic 20 

  6.00 F 5.73 E 

* Areas in gray indicate treatments that were not included in that experiment. 
 
Table 2.5:  Average initial EC of potting media in 4 experiments; units are mS/cm. 

Treatment Experiment 1 Experiment 2 Experiment 3 Experiment 4 
Fafard 4P 1.50 A 1.34 B 3.06 BC 1.53 D 
Sun Gro 0.20 C 0.46 C 0.26 F 0.70 E 
GM 20 0.70 B 4.52 A 3.87 A 3.99 B 
GM 10  5.76 A 2.14 DE 4.81 A 
FMVC Mix   3.12 BC 3.62 BC 
FM Mix   1.82 E 1.16 DE 
VC Mix   2.67 CD 4.64 A 
KM Mix   2.16 DE 1.71 D 
Fafard 
Organic 10 

  3.52 AB 3.08 C 

Fafard 
Organic 20 

  2.16 DE 1.21 DE 

* Areas in gray indicate treatments that were not included in that experiment. 
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Table 2.6:Average EC of potting media during week 2 of all experiments; units are mS/cm. 

Treatment Experiment 1 Experiment 2 Experiment 3 Experiment 4 
Fafard 4P 0.104 B 0.99 B 0.39 E 0.59 E 
Sun Gro 0.054 C 0.45 B 0.39 E 0.41 E 
GM 20 0.330 A 4.84 A 1.64 AB 3.93 A 
GM 10  3.43 A 2.12 A 3.44 AB 
FMVC Mix   1.22 BC 2.93 BC 
FM Mix   0.56 DE 1.23 D 
VC Mix   1.19 BCD 2.74 C 
KM Mix   0.45 E 0.74 DE 
Fafard 
Organic 10 

  0.64 CDE 0.67 DE 

Fafard 
Organic 20 

  0.34 E 0.52 E 

* Areas in gray indicate treatments that were not included in that experiment. 
 
Table 2.7:  Summary of potting mix elemental analysis results – Experiments 2, 3 and 4.  
Units are parts per million with the exception of pH. 

Experiment 2 Experiment 3 Experiment 4 Treatment 

pH Soluble 
Salts 

pH Soluble 
Salts 

pH Soluble 
Salts 

KM Mix   6.56 93.00 5.99 90.00
FM Mix   5.86 65.00 5.95 73.00
VC Mix   5.89 126.00 5.93 75.00
FMVC 
Mix 

  5.50 205.00 6.20 128.00

GM10  5.79 160.00 5.71 155.00 6.12 132.00
GM20 5.28 169.00 5.65 210.00 6.21 229.00
Fafard 
Organic 10 

  5.48 102.00 4.91 215.00

Fafard 
Organic 20 

  5.58 117.00 5.99 129.00

Sun Gro 
Organic 
Mix 

5.91 20.00 5.79 31.00 6.12 36.00

Fafard 4P 5.47 100.00 6.10 98.00 6.20 128.00
* Areas in gray indicate treatments that were not included in that experiment. 
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Table 2.8:  Summary of Potting Mix Porometer Analysis. 
Treatment Total 

Porosity 
% vol 

Container 
Capacity 

% vol 

Air Space 

%vol 

Bulk 
Density 

G/cc 

Initial 
Moisture 
Content 

% wt 

Final 
Moisture 
Content 

% wt 
KM Mix 88.8 75.3 13.4 0.11 58.7 72.3
FM Mix 83.5 70.3 13.3 0.10 58.1 72.6
VC Mix 89.4 76.4 13.0 0.12 61.4 72.4
FMVC 
Mix 

85.8 77.1 8.7 0.15 59.2 64.6

GM10  85.9 75.7 10.1 0.13 60.1 72.0
GM20 82.5 70.3 12.2 0.16 62.1 68.3
Fafard 
Organic 10 

83.7 72.6 11.1 0.11 64.8 72.1

Fafard 
Organic 20 

84.9 74.5 10.4 0.14 81.1 77.7

Sun Gro 
Organic 
Mix 

86.8 75.6 11.2 0.08 41.5 79.2

Fafard 4P 85.1 74.2 10.9 0.13 52.7 73.7
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CHAPTER 3 

Tomato Seedling Growth in Organic Potting Media 

Abstract 

 Organically grown transplants required by National Organic Program are rarely 

available commercially and are usually produced on-farm from locally available, inexpensive 

substrates.  Four experiments were conducted to study the effect of potting mixes and their 

components on growth and tissue nutrient levels of tomato transplants (Lycopersicon 

esculentum Mill cv. ‘Celebrity’) and to compare existing commercial organic and 

conventional substrates with a sample grower mix (GM20) (peat, perlite, vermicompost, 

feather meal, kelp meal). Although soluble organic fertilizers are often added to conventional 

transplants after several weeks, no additional fertilizers were added in this study. Allowable 

soluble organic fertilizers tend to be cost-prohibitive and are usually not locally available. 

Variations on GM20 were added in some experiments to further clarify the effects of 

individual components of the potting mixture and optimize their rates of addition.  Nutrient 

composition, pH and electrical conductivity (salts) were analyzed in each potting mix and in 

each component of the grower mix.  Tissue nutrient content was also analyzed weekly in 

each treatment.   After 4 weeks, in experiments 1,3, and 4, transplants grown in GM20 had a 

significantly higher dry weight than those grown in commercial organic (SG) and 

conventional (F4P) potting mixes. In Experiment 2, treatment differences were not 

significant.   

Nitrogen deficiencies were present by the final week of transplant production in all 

commercial and custom mixes in all experiments with only one exception. Hog waste 

vermicompost was a good source of P. Only one phosphorus deficiency was found in a 
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custom mix containing vermicompost. In Experiment 3, P deficiency was found only in week 

4 and only in one of the four vermicompost treatments. Plants in non-vermicompost 

treatments were P-deficient by week 4 with only two exceptions. Potassium deficiencies 

were also found in the final weeks of production for GM20 and most of its variations and in 

the commercial organic potting mix (SG) in several experiments. The conventional potting 

media provided the most consistent supply of potassium, while one of the commercial 

organic mixes showed the most consistent potassium deficiencies.  

Results of this study indicate that it is possible to add sufficient phosphorus into 

potting mixes with hog waste vermicompost for the period required for transplant production.  

However, utilization of this recipe would require additions of soluble fertilizer in order to 

provide sufficient nitrogen and potassium. In addition, when utilizing these substrates it is 

important to have analyses of nutrients and salts performed prior to use as organic 

amendments as they can be quite variable between batches and as a result of storage. 

Introduction 

U.S. farmland managed under certified organic farming systems expanded 

substantially during the last decade and indications are that consumer preferences for organic 

products will continue to grow as will this segment of U.S. agriculture (Greene, 2001).   

However, research on organic vegetable transplant production methods is extremely limited.  

Most information available to organic farmers regarding transplant production is either based 

on research done with conventional systems or anecdotal information rather than focused 

scientific investigation.  The scientific studies that have been conducted regarding organic 

potting mixes have typically involved evaluating particular media amendments but have 

rarely worked with a mix of ingredients with the aim of providing sufficient nutrition 
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throughout the transplant period. Nielsen and Thorup-Kristensen (2004) have suggested that 

improved organic growing media could supply most of the nutrients needed for plant growth 

and limit the need for soluble nutrient additions.  

Conventional transplant mixes are soilless and typically consist of peat, perlite, 

vermiculite, and pine bark in various proportions along with wetting agents and ‘starter’ 

fertilizer charges. Coconut coir is also sometimes utilized either by itself or in blends. 

Soilless media ingredients have little or no available nutrient content so after seedlings are 

established, soluble fertilizers are added on a weekly basis to maintain the transplants until 

they are taken to the field. Organic transplant mixes may also contain peat, perlite, 

vermiculite, pine bark and coir, but substitute composts and organically allowable fertilizers 

for the conventional wetting agent and starter charge. Although organically allowable wetting 

agents are available, they are not usually necessary if compost is added. The proportion of 

compost added, as well as the selection of additional media and fertilizers vary greatly, both 

in commercial organic mixes and in those mixed on-farm. Typical recommendations call for 

compost to comprise less than half of the total volume of the mix, and often only 20-30%. 

Although compost is a common media ingredient among organic growers (Kuepper, 2002), 

there is wide variation in the types and quality of compost used.  A number of studies have 

been conducted to determine the appropriateness of including various types and proportions 

of compost for transplant production.  Raviv et al. (1998) found that tomato seedlings 

produced in a mix of thirty percent compost (from cattle manure), 30 percent peat, and 40 

percent vermiculite had greater dry weights than plants produced in peat and vermiculite 

(60:40) alone.  In this study, mature plants grown in the compost-amended media also 
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produced higher yields than plants grown in media without compost.  Soluble organic 

fertilizer (water extract of guano) were added to all treatments in this study. 

Gagnon and Berrouard (1994) investigated the effects of an array of organic 

fertilizers on the growth of tomato transplants in a study in which organic fertilizers were 

added to plants grown in a 3:1 peat – compost medium. Of the fertilizers studied, blood meal, 

feather meal, meat meal, crab-shell meal, fish meal, and dried whey sludge were found to 

produce the best plant growth. Cottonseed meal was also found to be effective for growing 

tomato transplants, although it did not perform as well as the materials listed previously.  

Alfalfa meal, canola meal, and wheat bran did not significantly increase dry weight 

compared to control (unfertilized plants) and caused delayed growth and leaf distortion in the 

first weeks after planting.   

While composts from a number of plant and animal sources have been utilized as 

sources of additional nutrients in organic transplant mixes, media produced through 

vermicomposting is widely used. Vermicomposting is a decomposition process in which 

earthworms mechanically break down materials followed by microbial biochemical 

decomposition. The resulting material, referred to as vermicompost, is rich in organic matter, 

has a high rate of mineralization, and has greatly enhanced nutrient availability to plants 

(Dominguez, 2004). The specific characteristics of vermicompost (N-P-K, salts, pH) depend 

both upon the source of wastes that are worked by the worms and the maturity of resulting 

vermicompost (Handreck, 1986, Hidalgo and Harkess, 2002).    

Feather meal is a by-product of the poultry processing industry and is used as both a 

component of animal feed and a slow release organic nitrogen fertilizer. Due to local 

availability and low cost, feather meal is currently being widely utilized by local organic 
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growers in North Carolina. Hadas and Kaustsky (1994) found feather meal to be high in 

protein and have an analysis of 12% nitrogen.  Gagnon and Berrouard found feather meal to 

have nutrient fertilizer content of 13.6-0.3-0.2 N-P-K. According to Hadas and Kautsky 

(1994) who studied the rate of nitrogen mineralization of feather meal in soil, 45, 55, and 

65% of fertilizer N were released after 1, 2, and 8 weeks, so it would appear to provide at 

least some nitrogen to support transplant growth in the first few weeks after seeding. 

Organic growers also sometimes add kelp meal to transplant mixes and as a foliar 

fertilizer. In addition to containing small amounts of nitrogen and potassium, manufacturers 

of kelp meal claim that it contains plant growth regulators and trace elements, is a chelating 

agent, and enhances microbial activity.  There has been little testing of kelp meal under 

controlled conditions. Emino (1981) found that inclusion in a growing media of fish soluble 

nutrients including seaweed, had no stimulating effects beyond that attributable to nutrient 

content.  Meerow and Broschat (1996) found that a kelp product in the growing media had 

only a marginal effect on root growth of hibiscus. 

The general objective of this study was to study the effect of potting mixes and their 

components on growth (dry weight increase) and tissue nutrient levels of tomato transplants 

(Lycopersicon esculentum Mill cv. ‘Celebrity’). Specific aspects studied in terms of growth 

and nutrient content included; 1) Comparison of commercial conventional and organic 

mixes; 2) Comparison of a mix recipe utilized by local organic growers with commercial 

mixes; Another aspect was relating this growth to the composition of the various media. C:N 

ratio, carbon, nitrogen, phosphorus, potassium, pH, and soluble salts of each of the 

components of the local mix and of the treatment mixes were analyzed to determine how 

mixes could be improved to provide more balanced fertility. 
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Materials and Methods 

Treatment Overview 

A total of four experiments were conducted using the tomato (Lycopersicon 

esculentum) cultivar ‘Celebrity’. This cultivar was selected because it is popular with organic 

growers in the Piedmont region of NC. Organic certification requires the use of organically 

grown seed.  No organically grown seed of ‘Celebrity’ was available but untreated seed was 

obtained from Harris Seeds (Rochester NY) for Experiments 1-3 and from Johnny’s Selected 

Seeds (Winslow, Maine) for Experiment 4.  All research was conducted in a glass 

greenhouse with computer controlled evaporative cooling pads and fans and sunshade 

screens in Raleigh, NC at 35°N latitude.  Temperature set-points were 75.0 F day and 65.0 F 

night.  

All treatments (Table 3.1) included in the first experiment were repeated in all four 

experiments. Two additional treatments were added in Experiment 2, and another 6 

treatments were added in Experiments 3 and 4 (Table 3.2).  The purpose of the additional 

treatments is described below, but the general objectives of Experiments 2-4 were to test 

additional commercial organic mixes coming on the market and to optimize transplant 

growth by investigating the effects of components of the mix.   

Experiment 1 was conducted from March 17 – April 23, 2004 (early spring when the 

greatest number of organic transplants would be produced by growers.)  and utilized an 

organic (SG), a conventional (F4P) commercial mix and a “grower’s mix” (GM20) utilized 

by organic growers in the Piedmont region of NC for transplant production. Components of 

the original 3 mixes, as well as the subsequent 7 mixes are further described in Table 3.1. 
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Experiment 2 was conducted May 24 – June 24, 2004 (late spring), and included the 

three treatments from Experiment 1 as well as a variation of the original grower’s mix 

(GM10) incorporating only half as much vermicompost.   

Experiment 3 was conducted from July 15 – August 19, 2004 (summer).  This 

experiment included the four treatments utilized in Experiments 1-2 as well as treatments in 

which single organic fertilizers were mixed with the peat / perlite base in order to determine 

the individual effect of each component on transplant growth. A treatment was also added in 

which feather meal and vermicompost were mixed with the peat / perlite base to determine 

the effect of these two fertilizers in combination, but without kelp, the third ingredient in the 

original grower mix.  Two additional commercial organic mixes, which had recently come on 

the market, were also added for comparison.  In Experiment 3, 25 and 30 grams of S was 

added to all mixes containing 10% and 20% vermicompost, respectively, in order to lower 

pH. 

Experiment 4 was conducted March 10 – April 14, 2005 (early spring, essentially the 

same conditions as Experiment 1).  This experiment repeated all treatments utilized in 

Experiments 1-3.  

Mixing of Substrates in Non-Commercial Treatments 

Custom organic potting mixes were prepared for each experiment as detailed below.  

Ingredients of each of the custom potting mixes are listed in Table 3.1.  In Experiment 1 all 

ingredients were mixed for five minutes in a cement mixer.  Large clumps remaining were 

broken up by hand and the mixer was run for an additional five minutes. The process was 

repeated one additional time for a total of fifteen minutes of mixing.  In Experiments 2-4, 

vermicompost was passed through a ¼ inch sieve prior to being added to the mixer in order 
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to reduce clumping.  The peat / perlite base was added to the cement mixer at the same time.  

Other ingredients of the GM10 and GM20 mixes were added with the mixer running.  The 

mixer was run for 15 minutes after all materials were added.   

Seeding, Plant Care and Data Collection 

Experiment 1: 

 GM20 was passed through a ¼ inch sieve to remove any remaining clumps and 

distributed evenly into six -cell inserts cut apart from a 72-cell plug tray.  Two seeds were 

placed in each cell for five replicates of six cells each.  A commercial organic mix, Sun Gro 

Sunshine Growers Organic (Sun Gro Horticulture Canada Ltd., Vancouver, British 

Columbia), and a conventional commercial mix, Fafard 4P (Conrad Fafard, Inc., Agawam, 

MA) were placed in trays, seeded into ¼ inch holes and additional media of the same 

treatment added to cover the seeds.  All media were watered to runoff upon completion of 

seeding.  Subsequently plants were sub-irrigated daily by placing a saucer under seeded flats, 

applying 200 mL of water for 1 hour, and then removing the saucer and excess water.  All 

cells in which more than one seed germinated were reduced to one seedling on March 29, 

2005 by cutting the smaller seedling off at soil level. 

Pour through analysis utilizing the methods described by Cavins et al. (2000) was 

conducted prior to seeding and biweekly thereafter to determine the electrical conductivity 

(EC) and pH of the leachate as an indication of rootzone conditions.   Analyses were 

conducted using a pH/EC/TDS meter (Hanna Instruments, Woonsocket, RI).  Leachate 

samples were submitted to Agronomic Division, North Carolina Department of Agriculture 

(NCDA) for elemental analysis utilizing the procedures of Plank (1992).    

Experiment 2: 
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 On May 24, 2004, six replicates of 72 cell plug trays were filled with four 

potting mixes (GM10, GM20, Sun Gro Sunshine Growers Organic, and Fafard 4P) for a total 

of twenty-four trays and 1728 seeds.  The media were initially wetted as in Experiment 1, but 

then placed in a mist bed set to irrigate every eight minutes for eight seconds for one day 

before seeding (May 26) instead of sub-irrigation.  At seeding, additional media was added to 

cover the seeds, trays were watered in and returned to the mist beds.  Only 1 seed was 

planted per cell, as opposed to 2 seeds per cell in Experiment 1.  

In addition to the pour-through sampling conducted as in Experiment 1, one sample 

each of every potting mix and unmixed vermicompost were submitted to NCDA for analysis 

as waste material.  Elemental analyses were conducted utilizing the procedures of Plank 

(1992). 

Experiment 3: 

Procedures were similar as in Experiment 2 except that four replicates of 10 different 

substrates were tested (Table 3.1). Seeding took place July 15, 2004 and germination data 

was collected July 20-24. 

In addition to pour through samples, samples of each potting mix as well as unmixed 

vermicompost and feather meal were submitted to NCDA for analysis as elemental materials. 

Experiment 4: 

 Procedures were the same as in Experiments 2 and 3, with four replicates of the same 

substrates as in Experiment 3. However, pre-wet trays were not placed in the mist beds 

before seeding as was done in Experiments 2-3.  Trays were filled on March 10, 2005 and 

seeded March 11. Vermiculite rather than the treatment substrate was place over the seed. 
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 Throughout the experiment, trays were hand watered with a 2 gallon per minute 

Fogg-it nozzle (Dramm Corporation, Manitowoc, Wisconsin) two to three times daily during 

the germination period.  Substrates received different amounts of water, depending on the 

appearance of the surface. Pour through and elemental samples were submitted to NCDA for 

nutrient analysis as in Experiments 2 and 3.Tissue analysis was completed for Experiments 2 

and 3. Beginning ten days after initial seedling emergence, two seedlings per tray were cut 

off at the soil level weekly and submitted for tissue analysis.   

Growth Analysis   

Seedlings were harvested four weeks after initial seedling emergence and placed in a 

drying oven for five days at 160 degrees Fahrenheit.  Dry weights were measured for each 

replicate.  All experiments utilized a complete randomized block design.  Analysis of 

variance was conducted using the Waller Duncan test in SAS for Windows version 8. 

Results  

Dry Weights 

Across four experiments transplants grown in GM20 and GM10 consistently had the 

greatest average dry weight (Table 3.2) with that dry weight being significantly greater than 

that of the commercial mixes, Fafard 4P and Sun Gro Organic in all but Experiment 2, where 

differences were not significant. Reducing vermicompost from 20% to 10% resulted in 

comparable growth in Experiments 2-3 and significantly higher growth in Experiment 4. 

even though levels of potassium and phosphorus were lower in the 10% mix. Interestingly, 

levels of N were actually higher in the 10% mix than the 20% mix in Experiment 4 (Figure 

3.3). Thus it does not seem necessary to add more than 20% vermicompost to a mix and 

potentially less could be added.  
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There was no consistent trend between experiments in the performance of transplants 

grown in the two commercial mixes. The average dry weight of transplants grown in Fafard 

4P was comparable to those grown in Sun Gro Organic in Experiments 1 and 2, significantly 

greater than that of Sun Gro in Experiment 3 and significantly less in Experiment 4.  In 

Experiments 3 and 4, Fafard Organic 10 performed better than the original commercial 

mixes, including the conventional mix, while Fafard Organic 20 did not perform as well. 

Fafard Organic 10 produced transplants with significantly greater growth than Fafard 

Organic 20 in both Experiments 3 and 4. Transplant growth in Fafard Organic 10 was 

comparable to that of Fafard 4P in Experiment 3 and to that of Sun Gro Organic in 

Experiment 4 while transplant growth in Fafard Organic 20 was comparable to that of Sun 

Gro Organic in Experiment 3 and that of Fafard 4P in Experiment 4.   

As expected, transplants grown in the additional mixes formulated to omit ingredients 

of the original grower mix generally performed less well than those grown in either the 

original mix (GM20) or the commercial mixes. As with the commercial mixes, however, 

there was some variability in performance between Experiments 3 and 4, except for the KM 

mix, which performed poorly in both experiments. The mixes containing only the peat / 

perlite base and kelp meal (KM mix) produced transplants with average dry weights 

significantly lower than all other treatments in both Experiments 3 and 4. Transplants grown 

in mixes containing only the peat / perlite base and vermicompost (VC mix) were 

significantly lower in growth in Experiment 3, but not 4. The mixes containing only the peat / 

perlite base and feather meal (FM mix) produced transplants with average dry weights 

significantly lower than all other treatments in Experiment 4, but not Experiment 3. Omitting 



47 

kelp did not affect performance. In both Experiment 3 and 4, the mix without kelp did as well 

as the original mix. 

Elemental analysis – Mix components 

Elemental analysis results indicate considerable variability in all major nutrients 

between the three batches of vermicompost utilized (Table 3.3). The batch utilized for 

Experiments 1 and 2 contained the lowest nutrient levels (6,618, 547, and 478 parts per 

million (ppm) of nitrogen, phosphorus, and potassium respectively). Batches utilized for 

Experiments 3 and 4 were fairly similar in N and P (Experiment 3: 16,358, and 17,034 ppm 

respectively of nitrogen and phosphorus compared to 17,788 and16,171 ppm in Experiment 

4). However, potassium was much higher in the material utilized in Experiment 4 (2,173 

ppm) than that utilized for Experiments 3 (791 ppm) and 2 (478 ppm).  It is not clear why 

nutrients were lower overall in the first vermicompost batch tested, but it is probably safe to 

conclude that vermicompost from hog waste is a better source of nitrogen and phosphorous 

than of potassium. One batch of both feather meal and kelp meal were used for all 

experiments. The material was stored between experiments and analyzed at the beginning of 

each experiment. Little change in composition was evident between the two sampling dates 

(Table 3.3).   Feather meal was a good source of N (average of 146,904 ppm), with much 

higher levels than vermicompost (average 13,588 ppm) and kelp meal (10,531 ppm). Feather 

meal contained 2153 and 1254 ppm of phosphorus, and potassium respectively while kelp 

meal contained 1827 and 23368 ppm of these nutrients (Table 3.3).  

The batch of vermicompost utilized in Experiment 4 was higher in soluble salts than 

the other two batches utilized with 516 ppm compared to 20 and 88 ppm in the first two 

batches.  Aside from that particular batch of vermicompost, kelp meal had the highest level 
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of soluble salts with 376 ppm.  The pH of vermicompost varied depending on the batch with 

its lowest pH being 5.91 in the first batch and with its highest pH being 6.53 in the second 

batch.  The pH of feather meal dropped slightly as a result of being stored over time with a 

pH of 5.53 during Experiment 3 and a pH of 5.25 during Experiment 4.  The pH of kelp meal 

was 5.06. 

Elemental analysis – potting mixes  

 Results of waste analysis from Experiment 3 (Table 3.4) indicate that GM20 has the 

greatest amount of nitrogen of all the potting mixes with 13921 ppm. Even though it had only 

half as much vermicompost, GM10 had slightly less nitrogen (13,056 ppm) than GM20. The 

feather meal-vermicompost mixture had the next highest nitrogen concentration (11,980 

ppm) All of the commercial mixes had less nitrogen than the grower mixes, with the 

conventional mix, Fafard 4P, having the most nitrogen of the commercial mixes with 10457 

ppm while the Sun Gro Organic mix had the least with 6,464 ppm.  Of the mixes containing 

only one organic fertilizer, the FM mix had the most nitrogen (10,091 ppm) while the KM 

mix had the least nitrogen (4,271 ppm). 

 In Experiment 4 (Table 3.5), all custom mixes had lower amounts of nitrogen than the 

same mix from Experiment 3, but had similar rankings among experiments. FMVC had the 

greatest amount of nitrogen with 10292 ppm.  As was also seen in Experiment 3, of the 

mixes containing only one organic fertilizer, the FM mix again had the most nitrogen (6,284 

ppm) and the KM mix had the least (3,130 ppm).  Of the commercial mixes, the Fafard 4P 

had the most nitrogen (10,292 ppm) while the Fafard Organic 20 had the least (6,700 ppm). 

 The Fafard 4P had the greatest amount of phosphorus of any mixes in Experiment 3 

(6471 ppm).  GM20 had slightly less phosphorus than Fafard 4P, but the greatest amount of 
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the organic mixes with 6373 ppm.  The VC mix had the most phosphorus of any of the mixes 

including only one organic fertilizer with 3498 ppm.  The Sun Gro Organic and KM mixes 

had the least phosphorus of any mixes with 450 ppm and 420 ppm. 

 Similar trends were seen in the phosphorus analysis, with lower P levels in 

Experiment 4 than 3, but similar rankings. In Experiment 4, GM20 had the greatest amount 

of phosphorus of any of the mixes with 4,064 ppm, however this was less phosphorus than 

either Fafard 4P or GM20 in Experiment 3. Fafard 4P had 2928 ppm of phosphorus in 

Experiment 4.  The VC mix again had the most phosphorus of any of the mixes including 

only one organic fertilizer with 3023 ppm.  The KM mix had the least phosphorus of any mix 

with 290 ppm.   

 GM20 had the most potassium of any custom mix in both Experiment 3 and 

Experiment 4 with 3739 ppm and 3344 ppm.  The Fafard Organic 20 had slightly more 

potassium than the GM20 in Experiment 3, but slightly less in Experiment 4 with 3987 ppm 

and 3910 ppm respectively.  Of the mixes containing only one organic fertilizer, the FM mix 

had the most potassium in both experiments with 3216 ppm in Experiment 3 and 3322 ppm 

in Experiment 4.  

FMVC had the highest level of soluble salts in Experiment 3 with 205 ppm while 

GM20 had the highest level in Experiment 4 with 229 ppm.  Sun Gro had the lowest level of 

soluble salts in both experiments with 31 ppm in Experiment 3 and 36 ppm in Experiment 4.  

In Experiment 3, the pH of potting mixes ranged from a low of 5.48 in Fafard Organic 10 to 

a high of 5.56 in the KM Mix.  In Experiment 4, Fafard Organic 10 again had the lowest pH 

with a pH of 4.91 while GM20 had the highest pH with 6.21. 
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Elemental Analysis – Nitrogen Breakdown (Experiment 4) 

 Sun Gro (SG) had the greatest ratio of ammonium compared to nitrate of all the 

potting mixes (Table 3.6).  The FM Mix also had a greater percentage of ammonium than 

nitrate.  Feather meal contained a greater amount of nitrogen in the ammonium form while 

vermicompost contained a greater percentage of nitrogen in the nitrate form.  Feather meal 

contained a large amount of nitrogen in the organic form. 

Plant nutrient analysis 

 Nitrogen deficiencies were present by the fourth week of transplant production in all 

commercial and custom mixes during at least one experiment (Figures 3.1-3.3).  The only  

phosphorus deficiency found in a custom mix containing vermicompost during any 

experiment was in the FMVC treatment is Experiment 3.  Fafard 4P only became deficient in 

phosphorus in Experiment 3 while Sun Gro Organic was deficient in potassium by week 3 

and in phosphorus by the fourth week in all experiments.  Potassium deficiencies were also 

found in the final weeks of production for most custom mixes during Experiment 3 and for 

mixes not containing vermicompost in Experiment 4.  For the Sun Gro mix and the FMVC 

mix, deficiencies were seen as early as week 2.  No micronutrient deficiencies were found in 

any potting mix during the transplant production period. 

Discussion 

Transplant growth was variable both among and within all three experiments.  One 

source of variation among experiments for the grower mixes was due to variability of the 

organic fertilizers used.  This variability was from utilizing different source batches for 

vermicompost and to a lesser extent from storage. Different batches of vermicompost were 

utilized for each experiment with the exception of one batch being utilized for Experiments 1 



51 

and 2.  The nutrient content of the vermicompost varied greatly between batches with the 

first batch containing much lower levels of nitrogen, phosphorus, and potassium than 

subsequent batches.   Paul (2003) found similar variability in her work with vermicompost.  

One batch of feather meal was used for all experiments, however results of waste analysis 

show that the potassium content in particular decreased over time with a potassium content of 

1,254 ppm for feather meal utilized during Experiment 3 and 772 ppm for feather meal 

utilized during Experiment 4 (Table 3.3).  During this same period, N decreased only slightly 

and P increased. 

Variation in the organic fertilizers was the primary source of variation in the potting 

mixes into which they were incorporated and led to differences in transplant growth between 

experiments in the same treatment, particularly in the case of potting mixes that included 

only one organic fertilizer source. For example, while transplants grown in the FM mix in 

Experiment 3 had an average sample dry weight of 3.50 grams (g), growth was greatly 

reduced in Experiment 4 producing samples with an average dry weight of only 0.2775 g.  As 

can be seen in Figure 3.3, phosphorus and potassium deficiencies occurred very early in the 

feather meal mix in Experiment 4 with those deficiencies presumably leading to the 

reduction in growth.  Similarly, seedlings grown in the VC mix had an average dry weight of 

only 0.125 g in Experiment 3, but increased to an average dry weight of 3.7225 g in 

Experiment 4.  This is presumably because the tissue nitrogen content was much lower in 

Experiment 3 than in Experiment 4, with samples being deficient by week 2 in Experiment 3.  

The KM mix performed poorly in both experiments with an average dry weight of 0.10 g and 

0.395 g in Experiments 3 and 4, respectively.  The kelp meal mix was generally lacking in 
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nutrients, with the greatest deficiency being in nitrogen in which samples were deficient in 

nitrogen by week 2 in both experiments in which the treatment was included. 

Results of the waste analysis performed by NCDA on the organic fertilizers utilized 

in the custom mixes (Table 3.3) indicate that a combination of feather meal and 

vermicompost contributes the greatest amount of nitrogen.  However this nitrogen is not 

consistently adequate for the duration of the transplant production period.  Possibly feather 

meal nitrogen, as with many organic nitrogen sources, was less available to the plant either 

because it was in the organic form or in the ammonium form and was not mineralized rapidly 

enough. The majority of the nitrogen from vermicompost is in the preferred nitrate form, 

however transplants grown in the VC mix were deficient in nitrogen by week 2 of 

Experiment 3 and by week 3 of Experiment 4 indicating that vermicompost alone is not a 

sufficient source of nitrogen.   

Elemental analysis results indicate that the vermicompost from hog waste is 

contributing the majority of the phosphorus in the custom mixes.  Given that only one 

phosphorus deficiency was found in a custom mix including vermicompost, it appears that 

this type of vermicompost can generally provide sufficient phosphorus for tomato transplants 

for up to 4 weeks.  This finding is in agreement with Handreck (1986) who concluded that 

inclusion of vermicompost in a potting mix would eliminate the need for another source of 

phosphorus. 

Potassium deficiencies were also found in the final weeks of production for most 

custom mixes indicating that additional potassium is needed for the production of healthy 

plants.  Kelp meal was included in the original grower mix as a source of potassium, but 

substitution of an alternate potassium source may lead to better results. Increasing the amount 



53 

of kelp significantly is probably not advisable because of the high salt level (Table 3.3). 

Addition of a greater quantity of a potassium source that is lower in soluble salts could 

provide sufficient potassium without increasing the salt level.  All treatments appear to have 

adequate supplies of micronutrients for the transplant production period.   

The results of this experiment indicate that organic potting mixes blended by growers 

utilizing incorporated organic fertilizers may best be formulated to provide a starter charge 

rather than attempting to incorporate sufficient nutrition for the entire production period.  

There appears to be a need for soluble fertilizer additions in order to provide plants with 

sufficient nitrogen, especially since transplants are sometimes kept more than 4 weeks before 

transplanting.  Nearly all treatments were nitrogen deficient during the transplant production 

period with the exception of the FM treatment in Experiment 4. However in this treatment, 

the levels of phosphorus and potassium may have been deficient so early in the experiment 

that the plants failed to reach a size in which they needed additional nitrogen.  While GM20 

contains sufficient phosphorus and it may be possible to incorporate sufficient potassium into 

the potting mixture, it would be very difficult to incorporate adequate nitrogen.  Once soluble 

fertilizer is being applied to provide nitrogen, it would probably be cost effective to add 

potassium in this manner as well, and a custom mix formulated to provide only a starter 

charge may provide for greater seed germination than the mix utilized here. Seed germination 

in GM20 has been found to be reduced compared to commercial potting mixes in several 

experiments (Larrea, Chapter 1).  This approach would also be more similar to that utilized 

by conventional growers and would have the added benefit of allowing growers greater 

control over transplant growth in the final stages of production, particularly in cases where it 

may be necessary to hold seedlings prior to transplanting longer than originally anticipated 
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due to inclement weather or other issues.  In fact, slow release nitrogen fertilizers are 

typically not used for vegetable transplant production as plant height may become excessive 

with constant nitrogen availability (Vavrina, 2002). 
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Tables 
 
Table 3.1:  List of treatments and their contents; abbreviations for those treatments. 

Type of Mix Contents or Brand Name Abbreviation  
Commercial 
Conventional 
Mix 

1.  Fafard 4P:  Peat moss, perlite, 
vermiculite, processed pine bark, 
wetting agent, starter charge 

F4P Experiments 
1, 2, 3, & 4 

Commercial 
Organic Mixes 

2.   Sun Gro:  Sunshine Growers 
Organic:  Peat moss, coco fiber, 
perlite, vermiculite, screened pumice, 
dolomitic limestone, an organic 
fertilizer (turkey litter and blood 
meal), yucca Extract (an organic 
wetting agent) 

SG Experiments 
1, 2, 3, & 4 

 3.  Fafard Organic Formulation #10:  
Peat moss (80%), perlite, dolomitic 
limestone, gypsum, Nature Safe 
Fertilizer 10-2-8, Nature Safe 
Fertilizer 8-3-5 

F10 Experiments 
3 & 4 

 4.   Fafard Organic Formulation #20:  
Peat moss (70%), perlite, vermiculite, 
dolomitic limestone, gypsum, Nature 
Safe Fertilizer 10-2-8, Nature Safe 
Fertilizer 8-3-5 

F20 Experiments 
3 & 4 

Custom Organic 
Mixes 

5.   1.4 cubic feet peat / perlite (1:4) 
base, 20% vermicompost (11.0 L), 
310 mL feather meal, and 133 mL 
kelp meal 

GM20 Experiments 
1, 2, 3, & 4 

 6.   1.4 cubic feet peat / perlite (1:4) 
base, 10% vermicompost (5.5 L), 310 
mL feather meal, and 133 mL kelp     
meal 

GM10 Experiments 
2, 3, & 4 

 7.   1.4 cubic feet peat / perlite (1:4) 
base, 10% vermicompost (5.5 L), and 
310 mL feather meal 

FMVC Experiments 
3 & 4 

 8.   1.4 cubic feet peat / perlite (1:4) 
base, and 10% vermicompost (5.5 L) 

VC Experiments 
3 & 4 

 9.   1.4 cubic feet peat / perlite (1:4) 
base, peat / perlite mix and 310 mL 
feather meal 

FM Experiments 
3 & 4 

 10.   1.4 cubic feet peat / perlite (1:4) 
base, and 133 mL kelp meal 

KM Experiments 
3 & 4 
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Table 3.2:  Average dry weights. 
 Experiment 1 Experiment 2 Experiment 3 Experiment 4 
Treatment Average dry 

weight (g) 
Waller 

Grouping 
Average dry 

weight (g) 
Waller 

Grouping 
Average dry 

weight (g) 
Waller 

Grouping 
Average dry 

weight (g) 
Waller 

Grouping 
Fafard 4P 2.35  B 2.57 A 3.08 B 2.37 D 

Sun Gro 1.15 B 2.43 A 1.18 C 3.27 C 
GM 20 4.85 A 3.48 A 4.05 A 4.35 B 
GM 10   3.00 A 4.05 A 5.29 A 
FMVC 
Mix 

    4.13 A 4.29 B 

FM Mix     3.50 AB 0.28 E 
VC Mix     0.13 D 3.72 BC 
KM Mix     0.10 D 0.39 E 
Fafard 
Organic 
10 

    2.93 B 3.29 C 

Fafard 
Organic 
20 

    0.65 CD 1.78 D 

* Areas in gray indicate treatments that were not included in that experiment. 
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Table 3.3:  Results of elemental analysis on organic amendments (n=1).  

Substrate 
Ingredients  

C:N Carbon 
(ppm) 

Nitrogen
(ppm) 

Phosphorus
(ppm) 

Potassium 
(ppm) 

pH Soluble 
Salts 
(ppm) 

100% vermicompost 
– Experiments 1 & 2 

60.98 403,533 6,618 547 478 5.91 20.00

100% vermicompost 
– Experiment 3 

16.76 
 

274,175 16,358 17,034 791 6.53 88.00

100% vermicompost 
– Experiment 4 

12.62 224,529 17,788 16,171 2,173 6.06 516.00

100% feather meal – 
Experiment 3 

3.80 565,912 148,760 2,153 1,254 5.53 106.00

100% feather meal – 
Experiment 4 

3.87 561,435 145,049 2,667 772 5.25 137.00

100% kelp meal 36.89 388,499 10,531 1,827 23,368 5.06 376.00
 
 
Table 3.4:  Summary of potting mix elemental analysis results– Experiment 3 (n=1).   
Treatment  C:N Carbon 

(ppm) 
Nitrogen 

(ppm) 
Phosphorus

(ppm) 
Potassium 

(ppm) 
pH Soluble 

Salts 
(ppm) 

KM Mix 75.30 321,604 4,271 420 2,888 6.56 93.00
FM Mix 34.16 344,676 10,091 679 3,216 5.86 65.00
VC Mix 44.50 314,808 7,075 3,498 2,842 5.89 126.00
FMVC Mix 26.22 314,076 11,980 3,728 3,147 5.50 205.00
GM10  22.34 291,616 13,056 4,084 2,725 5.71 155.00
GM20 20.72 288,415 13,921 6,373 3,739 5.65 210.00
Fafard Organic 
10 

50.20 422,391 8,414 416 2,962 5.48 102.00

Fafard Organic 
20 

49.79 366,091 7,353 523 3,987 5.58 117.00

Sun Gro 
Organic Mix 

59.98 387,689 6,464 450 422 5.79 31.00

Fafard 4P 35.89 375,280 10,457 6,471 2,910 6.10 98.00
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Table 3.5:  Summary of potting mix elemental analysis results – Experiment 4 (n=1).   
Substrate 

Ingredients  
C:N Carbon 

(ppm) 
 

Nitrogen 
(ppm) 

Phosphorus
(ppm) 

Potassium 
(ppm) 

pH Soluble 
Salts 
(ppm) 

KM Mix 79.96 250,284 3,130 290 2,954 5.99 90.00
FM Mix 44.31 278,458 6,284 370 3,322 5.95 73.00
VC Mix 44.68 257,337 5,759 3,023 1,840 5.93 75.00
FMVC Mix 24.70 254,230 10,292 2,928 3,344 6.20 128.00
GM10  24.14 221,033 9,155 2,353 3,073 6.12 132.00
GM20 23.34 197,878 8,478 4,064 4,264 6.21 229.00
Fafard Organic 
10 

42.70 369,027 8,642 506 2,488 4.91 215.00

Fafard Organic 
20 

45.83 307,066 6,700 481 3,910 5.99 129.00

Sun Gro 
Organic Mix 

55.03 398,714 7,246 634 831 6.12 36.00

Fafard 4P 24.70 254,230 10,292 2,928 3,344 6.20 128.00
 
 
Table 3.6:  Elemental analysis nitrogen breakdown for potting mixes and mix components – 
Experiment 4 (n=1).  

Substrate 
Ingredients  

Total N 
(ppm) 

NH4
+ 

(ppm) 
NO3

- 
(ppm) 

Organic N 
(ppm) 

KM Mix 3,130 297 254 2,580
FM Mix 6,284 449 174 5,662
VC Mix 5,759 454 1,291 4,014
FMVC Mix 10,292 638 1,175 8,478
GM10 9,155 500 980 7,675
Fafard Organic 
10 

8,642 563 2,048 6,031

Fafard Organic 
20 

6,700 533 2,250 3,917

GM20 8,478 605 1,837 6,036
SG 7,246 1,134 344 5,769
F4P 10,179 396 861 8,922
Vermicompost 17,788 807 4,724 12,257
Feather Meal 145,049 670 193 144,186
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Figure 3.1:  Percent Nutrients in tissue from weeks 2-4 in Experiment 2 from tissue analysis.  
Data points below dashed lines indicate that tissue is deficient for that nutrient.  Deficiency 
levels from Bennett, 1993.   
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Figure 3.2:  Percent Nutrients in tissue from weeks 2-4 in Experiment 3 from tissue analysis.  
Data points below dashed lines indicate that tissue is deficient for that nutrient.  Deficiency 
levels from Bennett, 1993.   
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Figure 3.3:  Percent Nutrients in tissue from weeks 2-4 in Experiment 4 from tissue analysis. 
Data points below dashed lines indicate that tissue is deficient for that nutrient.  Deficiency 
levels from Bennett, 1993.   
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CHAPTER 4 
 

Seed Germination and Transplant Growth of Tomato in Substrates Containing 
Varying Rates of Feather Meal and Commercial Transplant Media 

 
Abstract 

 
 Organically grown transplants required by National Organic Program are rarely 

commercially available and are usually produced on-farm from locally available, inexpensive 

substrates.  Two experiments were conducted to study the effects on germination and 

transplant nutrition of varying rates of feather meal addition in custom potting mixes based 

on the recipe of a local organic grower.  The original grower recipe (GM20) contained a 

combination of vermicompost (20% by volume), feather meal, and kelp meal added to a 4:1 

peat / perlite base.  Additional custom mixes contained vermicompost (10% by volume), and 

four rates of feather meal added to the peat / perlite base.  The four rates included 0 mL 

feather meal (0FM), the rate of feather meal present in the original grower’s recipe (1FM, 

310 mL), 1.5 times the original amount (1.5FM, 465 mL), and twice the original amount 

(2FM, 620 mL).  Two commercial potting mixes, one organic (SG) and one conventional 

(F4P) were included for comparison.  Potting mixes were evaluated in terms of germination 

of tomato seed (Lycopersicon esculentum Mill cv. ‘Celebrity’) and transplant dry weights.  In 

Experiment 1, seedlings directly seeded into the experimental potting media were compared 

to seedlings transplanted into the experimental media after germinating in media consisting 

of only the peat / perlite base and lime to adjust pH.   

In general, increasing the amount of feather meal reduced germination but increased 

dry weights of direct seeded transplants.  Seed germination was significantly reduced in the 

2FM treatment compared to that in treatments with no feather meal in Experiment 1 and was 
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reduced compared to all other treatments in Experiment 2.  However, transplants grown in 

2FM had dry weights significantly greater than all other direct seeded treatments in 

Experiment 1 and greater dry weights than the conventional mix in Experiment 2. Seed 

germination in 1.5FM was significantly greater than that of 2M in Experiment 2, but not 

Experiment 1.  Dry weights of transplants grown in 1.5FM were significantly reduced 

compared to seedlings grown in 2FM for direct seeded replicates in Experiment 1, but 

comparable in Experiment 2.  Seed germination of 1.5 FM was comparable to that of the 

commercial potting mixes in both experiments while transplants grown in 1.5 had 

significantly greater dry weights than both SG and F4P in Experiment 1 and significantly 

greater dry weights than F4P in Experiment 2. Thus increasing feather meal by 50% 

increased transplant growth with little reduction in germination when germination occurred 

in the treatment media (direct seeded). 

 Initially, transplanted treatments in Experiment 1 grew more slowly than direct 

seeded treatments, presumably because of transplant shock, but by the end of the experiment, 

dry weights were significantly greater in the transplanted treatments, possibly because fewer 

nutrients had been leached out during the germination process.  Nitrogen deficiencies in 

week 4 were also reduced in transplanted treatments compared to direct seeded.  In most 

cases, media performed similarly whether direct seeded or transplanted, but seedlings which 

were direct seeded in 2FM did better than those moved into 2FM while the opposite was true 

for seedlings grown in GM20. High concentrations of feather meal may have less of an 

adverse effect on germination seeds than on seedlings germinated on a low-salt media. Some 

leaching possibly had occurred in the direct seeded material by the time roots were exposed 

to the media. Also, not all the N present in the feather meal is immediately available, so 
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levels could have been higher after 2 weeks. It is not clear why seedlings germinated poorly 

in the 20% vermicompost mix compared to the mixes containing 10% or less vermicompost. 

 In conclusion, increasing feather meal increased nitrogen availability and also 

increased dry weights compared to conventional media.  However, seedlings transplanted 

into the mixes with the highest levels of feather meal did not do as well as those direct seeded 

into the same media.  

Introduction 

 U.S. farmland managed under certified organic farming systems expanded 

substantially during the last decade and indications are that consumer preferences for organic 

products will continue to grow as will this segment of U.S. agriculture (Greene, 2001).   

However, research to support this segment of agricultural production, and specifically 

organic vegetable transplant production methods is extremely limited.  Most information 

available to organic farmers regarding transplant production is either based on research done 

with conventional systems or anecdotal information rather than focused scientific 

investigation.   

Scientific studies conducted with organic potting mixes have typically involved 

evaluating particular media amendments but have rarely worked with a mix of ingredients 

with the aim of providing both adequate seed germination and sufficient nutrition throughout 

the transplant period. Organically grown transplants required by National Organic Program 

are rarely available commercially, so they must be produced on-farm as are the potting 

mixtures themselves in most cases.   Commercial organic mixes are expensive, and not 

always locally available.  Although ‘recipes’ and anecdotal information are available, most 



 67

growers develop their transplant potting mixes through trial and error, as few guidelines and 

even fewer published experimental reports are available.  

One limiting factor in organic potting media is that mixes that provide adequate 

nutrition for plant growth do not necessarily provide optimal conditions for seed germination, 

as salt levels may be above optimal.  Seed germination is the first step in crop production and 

adequate seed germination is necessary for transplant production to be space and cost 

effective.  In order for seeds to germinate, they must be exposed to adequate conditions 

including water, temperature and oxygen (Bradbeer, 1988).  Both the physical and chemical 

properties of the soil affect seed germination.  Specifically, high salt content in a sowing 

media can inhibit germination (Mayer et al., 1989).  

Gagnon and Berrouard (1994) investigated the effects of an array of organic 

fertilizers on the growth of tomato transplants.  Organic fertilizers utilized in this study 

included blood meal, feather meal, meat meal, crab-shell meal, fish meal, fish-scale meal, 

canola meal, soybean meal, distiller’s dried grains, wheat bran, alfalfa meal, and dried whey 

sludge.  Of the fertilizers tested, feather meal was among the organic fertilizers found to 

produce the best plant growth.   

Feather meal is a by-product of the poultry processing industry and is used as both a 

component of animal feed and a slow release organic nitrogen fertilizer. It is high in protein 

and has an analysis of 15% nitrogen (Hadas and Kautsky, 1994).  North Carolina has an 

extensive poultry industry (NCDA&CS, 2002) making feather meal a locally available, low 

cost fertilizer accessible to organic growers in the state. 

Hadas and Kautsky (1994) determined the rate of nitrogen mineralization of feather 

meal in soil and changes in microbial activity following its application to soil.  In this study, 
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approximately 45, 55, and 65% of fertilizer N were released after 1, 2, and 8 weeks 

respectively.   Microbial populations were stimulated by this high concentration of nitrogen.  

Total number of bacteria increased due to the addition of feather meal after only one day, 

with a second pulse obtained at 14 days. 

The objective of this study was to optimize the rate of feather meal additions for a 

custom organic potting mix based on the recipe of a local organic grower.  The goal of 

working with this potting mix was to provide for adequate seed germination and plant growth 

and health equivalent to commercial organic and conventional potting mixes as well as 

minimize the need for addition of soluble organic fertilizer.  Studies were conducted utilizing 

tomato (Lycopersicon esculentum Mill cv. ‘Celebrity’). 

 
Materials and Methods 

Treatment Overview 

Two experiments were conducted in the NCSU greenhouses using the tomato cultivar 

‘Celebrity’. This cultivar was selected because it is popular with organic growers in the 

Piedmont region of NC. Organic certification requires the use of organically grown seed.  No 

organically grown seed of ‘Celebrity’ was available but untreated seed was obtained from 

Harris Seeds (Rochester NY) for Experiment 1 and from Johnny’s Selected Seeds (Winslow, 

Maine) for Experiment 2.  All research was conducted in the Marye Anne Fox Science 

Teaching Laboratory greenhouses on the North Carolina State University main campus, 

which opened in the winter of 2003-2004.  Greenhouses are glasshouses with evaporative 

cooling pads and automated shade cloth.   

Experiment 1 was conducted from October 19 – December 3, 2004 (fall).  

Experiment 2 was conducted March 10 – April 14 (early spring).  Both experiments utilized 
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7 treatments; an organic (SG), a conventional (F4P) commercial mix and five variations of a 

“grower’s mix” utilized by organic growers in the Piedmont region of NC for transplant 

production. The original grower’s mix, subsequently referred to as GM20, was the recipe 

received from a local organic grower in the Piedmont region of NC and contained kelp meal, 

feather meal, and vermicompost mixed into a peat / perlite base (4:1).  All of the remaining 4 

mixes are variations of GM20 in which the kelp meal has been eliminated and the 

vermicompost reduced from 20% by volume to 10%. Each of these additional mixes has a 

different rate of feather meal and was added in order to determine the optimum rate of feather 

meal for the transplant production period.   Components of the 2 commercial and 5 grower 

mixes are further described in Table 4.1.   

Mixing of Substrates in Non-Commercial Treatments  

Custom organic potting mixes were prepared for each experiment as detailed below.  

Ingredients of each of the custom potting mixes are listed in Table 4.1.  For both experiments 

vermicompost was passed through a ¼ inch sieve prior to being added to the mixer order to 

reduce clumping.  The peat / perlite base was then added to the cement mixer.  Other 

ingredients were added with the mixer running.  The mixer was run for 15 minutes after all 

materials were added.  In Experiment 1, a germination media was also prepared by adding 

lime to the peat / perlite base and mixing for 15 minutes. 

Seeding, Plant Care and Data Collection 

Experiment 1: 

On October 19, 2004 three replicates each of 72-cell plug trays were filled with the 

seven substrates listed in Table 4.1.  Nine 200-cell plug trays were filled with the 

germination media (Table 4.1).  All trays were placed in mist beds set to irrigate every fifteen 
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minutes for thirty seconds in order for the media to become damp prior to seeding.  On 

October 22, 2004 the trays were seeded ¼ inch deep, one seed per cell.  Additional media 

was added to cover the seeds, and the trays were returned to the mist beds.  Percent 

germination for the seed lot utilized was 89%.  Following the germination period, trays were 

removed from the mist beds and hand watered as needed. 

Pour through analysis utilizing the methods described by Cavins et al. (2000) was 

conducted prior to seeding and biweekly thereafter to determine the electrical conductivity 

(EC) and pH of the leachate as an indication of rootzone conditions.   Analyses were 

conducted using a pH/EC/TDS meter (Hanna Instruments, Woonsocket, RI).  Leachate 

samples were submitted to Agronomic Division, North Carolina Department of Agriculture 

for elemental analysis.  One sample each of all potting mixes and components of mixes were 

also submitted to NCDA for elemental analysis. Germination data was collected at the same 

time daily from October 29 – November 2, 2004. 

Experiment 2: 

On March 10, 2005 four replicates of 72-cell plug trays were filled with the seven 

substrates listed in Table 4.1.  Trays were hand watered to saturation rather than placed in 

mist beds.  On March 11, the trays were seeded ¼ inch deep, one seed per cell.  Vermiculite 

rather than the treatment substrate was placed over the seed.  Percent germination for the 

seed lot utilized was 89% as in Experiment 1.   

 Trays were hand watered with a 2 gallon per minute Fogg-it nozzle (Dramm 

Corporation, Manitowoc, Wisconsin) two to three times daily during the germination period 

rather than being placed in mist beds as was done in Experiment 1.  Substrates received 
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different amounts of water, depending on the appearance of the surface. Following the 

germination period, trays were hand watered as needed as in Experiment 1. 

 Pour through samples were collected as in Experiment 1 and submitted to NCDA for 

analysis. One sample each of all potting mixes and components of mixes were also submitted 

to NCDA for elemental analysis. Germination data was collected at the same time daily from 

March 18 - March 22, 2005. 

Tissue Analysis  

Tissue analysis was completed for both experiments.  Beginning ten days after initial 

seedling emergence, two seedlings per tray were cut off at the soil level weekly and 

submitted for tissue analysis.   

Growth Analysis   

Seedlings were harvested four weeks after initial seedling emergence.  Samples were 

placed in a drying oven for five days at 160o F.  Dry weights were measured for each 

replicate.   

Experimental Design and Data Analysis: 

All experiments utilized a complete randomized block design.  Analysis of variance 

was conducted using the Waller Duncan test in SAS for windows version v8.  Prior to 

analysis, germination data was log transformed in order to obtain a normal distribution of 

percentage data. 

Results 
Percent Germination  

 Seed germination was slightly higher overall in Experiment 2 (87% compared to 

84%), but the improvement was greatest in the GM20, 1 FM and 1.5 FM (Table 4.2). Seeds 
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sown in both the commercial organic and the commercial conventional mix showed uniform, 

high germination rates (87-88%) in both experiments.  Germination in the 0FM mix was also 

excellent in both experiments.  The percent germination was significantly reduced in all 

feather meal treatments in Experiment 1.  In Experiment 2, seeds sown in the GM20, 0FM, 

and 1.5FM all had a percent germination not significantly different from the Sun Gro or 

Fafard potting mixes with average percent germinations of 92, 87, and 88% respectively.  

Seeds sown in the 2FM treatment exhibited significantly lower average germination than that 

in the other media (77%). 

Average Dry Weights – Direct Seeded Treatments, Experiments 1 and 2 (Table 4.3) 

 Plants grown in the 2FM treatment had an average dry weight significantly greater 

than all other treatments in Experiment 1 with an average dry weight of 2.10 grams (Table 

4.3).  Plants grown in 1FM and 1.5FM were significantly reduced compared to plants grown 

in 2FM, but were significantly greater than the remaining treatments with average dry 

weights of 1.39 grams and 1.43 grams respectively.  Plants grown in GM20 weighed 

significantly less than plants grown in 1FM, 1.5, FM, or 2FM, but weighed statistically more 

than the 0FM and the commercial potting mixes.  Plants grown in the Fafard 4P and Sun Gro 

Sunshine Growers Organic weighed statistically less than all treatments except 0FM.  Plants 

grown in 0FM weighed significantly less than plants grown in all other treatments with an 

average dry weight of 0.263 grams. 

 In Experiment 2, plants grown in Fafard 4P had an average dry weight significantly 

less than all custom potting mix treatments with an average dry weight of 2.37 g.  Average 

dry weights for all the other treatments were statistically comparable and ranged from 3.270 

in the Sun Gro to 4.37 in 1.5FM. 
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Average Dry Weights – Transplanted Treatments, Experiment 1  

 Transplanted seedlings showed the opposite trend to that seen in those direct seeded, 

with dry weight decreasing when the feather meal content doubled (Table 4.4).  Plants grown 

in the GM20, 1FM, and 1.5FM had the greatest dry weights of the transplanted treatments.  

In contrast to direct seeded treatments, as feather meal content increased above the level in 

1.5FM, average dry weight decreased from an average dry weight in 1FM of 1.90 g to 1.34 g 

in 2FM.  The average dry weight of transplants grown in 2FM was significantly reduced 

compared to 1FM while transplants grown in 1.5FM were comparable to both those grown in 

1FM and 2FM. 

Elemental Analysis – Potting Mixes 

 As expected due to the higher rate of feather meal addition, the 2FM potting mix 

contained the greatest amount of nitrogen of all treatments in both experiments.  The 1.5 FM 

potting mix contained the second greatest amount of nitrogen with GM20 containing slightly 

less in both experiments.  Fafard 4P contained less nitrogen than GM20 in Experiment 1, but 

more in Experiment 2.  0FM contained the least nitrogen in Experiment 1, while Sun Gro 

Organic contained the least nitrogen in Experiment 2. 

 Due to the higher rate of vermicompost addition in GM20, it contained a greater 

amount of phosphorus than all other treatments in both experiments.  Sun Gro Organic 

contained the lowest amount of phosphorus in both experiments. 

 Fafard 4P contained the greatest amount of potassium of all potting mixes in both 

experiments.  Sun Gro Organic contained the lowest levels of potassium in both experiments. 

 Soluble salts are highest in the 2FM potting mix in Experiment 1, but in GM20 in 

Experiment 2.  In Experiment 1, the additional feather meal added in 2FM presumably 
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caused it to have a higher level of soluble salts than other treatments while the additional 

vermicompost added to GM20 presumably caused it to have higher salts in Experiment 2. 

Elemental Analysis – Nitrogen Breakdown (Experiment 2) 

 2FM contained the greatest amount of overall nitrogen in Experiment 2 (Table 4.7) 

with almost half of that nitrogen being in the ammonium form.  In terms of nitrogen form, 

Sun Gro Organic had the greatest ratio of ammonium compared to nitrate.  Feather meal 

contained a greater amount of nitrogen in the ammonium form while vermicompost 

contained a greater percentage of nitrogen in the nitrate form.  Feather meal contained a great 

deal of nitrogen in the organic form. 

Solution Analysis – Nitrogen Breakdown (Experiment 2) 

 Results of solution analysis from Experiment 2 indicated that nitrogen mineralization 

ocurred in all custom mixes.   In all substrates containing feather meal, ammonium content 

declined as nitrate content increased by midway through the experiment.  This pattern was 

not found in either of the commercial mixes.  In the case of 0FM, which contained 10% 

vermicompost but no feather meal, there was no ammonium present initially, but as nitrate 

declined, ammonium levels increased and then decreased by the end of the experiment.   

Tissue Analysis – Direct Seeded Treatments 

 Increasing the amount of feather meal added, as in treatments 1.5FM and 2FM, 

provided for sufficient nitrogen to prevent a nitrogen deficiency in Experiment 2 (Figure 

4.3), but not in seeded replicates in Experiment 1 (Figure 4.1).  Transplants grown in 1FM 

were only very low or marginally deficient in nitrogen in week 4 of Experiment 2, but were 

nitrogen deficient in week 4 of Experiment 1.  Transplants grown in all other treatments were 

nitrogen deficient during or before week 4 in seeded replicates in Experiment 1 and in 
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Experiment 2.  Only transplants grown in F4P and OFM were found to have nitrogen 

deficiencies in transplanted replicates in Experiment 1. 

 Only transplants grown in the Sun Gro Organic were phosphorus deficient at any time 

in either experiment.  Transplants grown in the Sun Gro Organic were phosphorus deficient 

by week 4 in direct seeded replicates in Experiment 1 and by week 3 in Experiment 2.  No 

transplants were phosphorus deficient in transplanted replicates of Experiment 1. 

 Seeded transplants grown in all treatments were potassium deficient during some 

period of Experiment 1.  Potassium deficiencies were found in transplanted seedlings grown 

in 1FM, 1.5FM, 2FM, GM20, and Sun Gro Organic in Experiment 1.  Potassium deficiencies 

were found in transplants grown in all treatments except F4P in Experiment 2. 

Tissue Analysis – Transplanted Treatments 

 Of the transplanted seedlings in Experiment 1, only transplants grown in F4P and 

0FM showed any nitrogen deficiencies, and those were present in week 4 only.  No 

transplants grown utilizing this method were deficient in phosphorus at any time during the 

four weeks.  Transplants grown in 1FM were deficient in potassium by week 4 while 

transplants grown in 1.5FM, 2FM, and SG were all deficient in potassium by week 3. 

Discussion 

 Overall, average transplant dry weight increased as the rate of feather meal addition 

increased in direct seeded treatments.  In Experiment 1, transplants grown in 2FM had 

significantly greater dry weights than all other treatments.  In Experiment 2, transplants 

grown in all treatments were statistically comparable except the conventional potting mix in 

which dry weight was significantly reduced.  The higher dry weights in the treatments 

containing greater amounts of feather meal were associated with higher nitrogen content 
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present in the substrate prior to seeding (Tables 5 and 6).  All substrates containing feather 

meal also began with high levels of ammonium (Figure 4.4:A-G), which by the mid-point of 

the experiment were converted to nitrate after which inorganic nitrogen levels declined.  This 

pattern is lacking in both commercial substrates.  The higher nitrate levels at the mid-point in 

the transplant production period presumably lead to the increased dry weights in transplants 

grown in the treatments containing feather meal. 

 However, seed germination was also lowest in the treatment containing the highest 

level of feather meal.  In both experiments seed germination in 2FM was poor compared to 

other treatments with its germination significantly less than 0FM, SG, and F4P in Experiment 

1 and significantly less than all other treatments in Experiment 2. Placing vermiculite rather 

than the growing media over the seeds seemed to reduce some germination problems in the 

treatments with high levels of feather meal or vermicompost, however. 

 Transplanted treatments had fewer nitrogen deficiencies than direct seeded 

treatments.  As a group, seedlings from transplanted treatments also had significantly higher 

dry weights (p-value=0.0005) than direct seeded seedlings.  However, the 2FM treatment had 

a lower average dry weight when transplanted than when direct seeded.  After being moved 

into the experimental media, all transplanted seedlings initially grew more slowly than their 

direct seeded equivalent, however growth was stunted in those seedling transplanted into the 

2FM treatment.  This stunting was most likely due to the high levels of ammonium found in 

feather meal and subsequently in the soil solution in the treatment with the highest rate of 

feather meal addition.  Growth in direct seeded seedlings in this treatment did not appear to 

be affected by the high ammonium levels due to the fact that the ammonium had most likely 

already converted to nitrate by the time the seeds had fully germinated in the direct seeded 
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treatments.  In contrast, seedlings grown in the GM20 treatment performed much better 

compared to other treatments when transplanted than when direct seeded.  This treatment is 

20% vermicompost compared to 10% vermicompost in all other treatments.  Since most of 

the nitrogen found in vermicompost is in the nitrate form, it is more easily leached during the 

germination period than the feather meal nitrogen and a greater amount is likely lost prior to 

the seedlings reaching a stage in which they can take up the nitrate. The transplant media was 

not watered until seedlings were transplanted into it. Because not all the N is feather meal is 

available immediately (Hadas and Kautsky, 1994), the direct seeded media and the transplant 

media may have differed in the amount of N present.  

 Thus feather meal is a promising source of nitrogen for transplants, but levels should 

not exceed 465 mL to avoid problems with germination and transplant growth. 
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Tables 

Table 4.1:  List of treatments and their contents; abbreviations for those treatments. 
Type of Mix Contents or Brand Name Abbreviation 

Commercial 
Conventional 
Mix 

Fafard 4P:  Peat moss, perlite, vermiculite, 
processed pine bark, wetting agent, starter 
charge 

F4P 

Commercial 
Organic Mixes 

Sun Gro:  Sunshine Growers Organic:  Peat 
moss, coco fiber, perlite, vermiculite, 
screened pumice, Dolomitic limestone, an 
organic fertilizer (turkey litter and blood 
meal), yucca extract (an organic wetting 
agent) 

SG 

Custom Organic 
Mixes 

0.04 cubic meters peat / perlite (4:1) base, 
20% vermicompost6 (11.0 L), 310 mL feather 
meal7, and 133 mL kelp meal8 

GM209 

 0.04 cubic meters peat / perlite (4:1) base, 
and 10% vermicompost (5.5 L) 

0FM 

 0.04 cubic meters peat / perlite (4:1) base, 
10% vermicompost (5.5 L), and 310 mL 
feather meal 

1 FM 

 0.04 cubic meters peat / perlite (4:1) base, 
10% vermicompost (5.5 L), and 465 mL 
feather meal 

1.5 FM  

 0.04 cubic meters peat / perlite (4:1) base, 
10% vermicompost (5.5 L), and 620 mL 
feather meal 

2 FM 

 

                                                 
6 The vermicompost utilized were made from hog waste and obtained from Vermicycle 
Organics, Inc. (Wilson, NC). Vermicompost contributed N,P,K and micronutrient (Table 3) 
7 Feather meal was included to provide addition N and was obtained from Nutrimax, Inc., 
(Laurinburg, NC). Actual analysis shown in Table 4.7 (FM Mix). 
8 Kelp meal was included to provide additional K. It was manufactured by Espoma (The 
Espoma Company, Millville NJ) and obtained locally. Actual analysis is shown in Table 4.7 
(KM mix). 
9 In Experiments 3 and 4, 30 g of S was added to reduce the pH. 
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Table 4.2:  Percent germination of potting media. 
Experiment 1 Experiment 2 Treatment 

Average 
Percent 

Germination 

Transformed 
Average, 
Waller 

Grouping 

Average 
Percent 

Germination 

Transformed 
Average, 
Waller 

Grouping 
0FM 92.13 4.52 – A 87.15 4.47 – AB 

1 FM 79.17 4.37 – BC 84.37 4.44 – B 
1.5 FM  83.34 4.42 – BC 88.54 4.48 – AB 
2 FM 78.24 4.36 - C 77.43 4.35 - C 
GM 20 82.87 4.41 – BC 92.70 4.53 – A 
Sun Gro 87.04 4.46 – AB 88.89 4.49 – AB 
Fafard 4P 87.04 4.46 – AB 88.19 4.48 – AB 

 
Table 4.3:  Average dry weights for direct seeded treatments. 

Experiment 1 Experiment 2 Treatment 
Average dry 

weight (g) 
Waller 

Grouping 
Average dry 

weight (g) 
Waller 

Grouping 
0FM 0.26 E 3.72 A 

1 FM 1.39 B 4.29 A 
1.5 FM  1.43 B 4.37 A 
2 FM 2.10 A 3.76 A 
GM 20 1.10 C 4.34 A 
Sun Gro 0.66 D 3.27 AB 
Fafard 4P 0.82 D 2.37 B 

 
Table 4.4:  Average dry weights for transplanted treatments from Experiment 1. 

Treatment Mean Dry Weight (g) Waller Grouping 
0 FM 1.14 E 
1 FM  1.90 AB 
1.5 FM 1.63 ABC 
2 FM 1.34 CDE 
GM20 1.97 A 
SG 1.14 E 
F4P 1.25 DE 
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Table 4.5:  Summary of elemental analysis results for Experiment 1.  Units are parts per 
million with the exception of pH. 

Substrate 
Ingredients  

C:N Carbon Nitrogen Phosphorus Potassium pH Soluble 
Salts 

0 FM 33.63 256,757 7,635 2,895 3,283 5.52 208.00
1 FM  19.25 293,767 15,264 2,952 2,423 4.87 408.00

1.5 FM 14.01 277,468 19,800 3,574 2,333 5.44 395.00
2 FM 14.18 292,212 20,612 2,381 2,711 5.82 499.00
GM20 18.12 308,041 17,003 3,637 2,517 5.15 454.00

SG 55.38 373,863 6,751 632 397 5.97 27.00
F4P 57.02 411,346 7,214 775 4,899 5.51 105.00

Vermicompost 12.10 131,945 10,903 7,497 1,070 6.10 612.00
Feather Meal 3.80 565,912 148,760 2,153 1,254 5.53 106.00
Germination 

Media 
74.99 295,619 3,942 638 2,277 6.84 74.00

 
Table 4.6:  Summary of elemental analysis results for Experiment 2.  Units are parts per 
million with the exception of pH. 

Substrate 
Ingredients  

C:N Carbon Nitrogen Phosphorus Potassium pH Soluble 
Salts 

0 FM 44.68 257,337 5759 3,023 1,840 5.93 75.00
1 FM  24.70 254,230 10,292 2,928 3,344 6.20 128.00

1.5 FM 19.71 228,271 11,581 3,460 4,876 6.29 152.00
2 FM 15.10 209,884 13,897 3,527 3,964 6.48 153.00
GM20 23.34 197,878 8,478 4,064 4,264 6.21 229.00

SG 55.03 398,714 7,246 634 831 6.12 36.00
F4P 24.70 254,230 10,292 2,928 3,344 6.20 128.00

Vermicompost 12.62 224,529 17,788 16,171 2,173 6.06 516.00
Feather Meal 3.87 561,435 145,049 2,667 772 5.25 137.00

 
 
Table 4.7:  Elemental analysis nitrogen breakdown for potting mixes and mix components for 
Experiment 2.  

Substrate 
Ingredients  

Total N NH4
+ NO3

- Organic N 

0 FM 5,759 454 1,291 4,014
1 FM  10,292 638 1,175 8,478

1.5 FM 11,581 784 1,240 9,557
2 FM 13,897 1,072 1,133 11,692
GM20 8,478 605 1,837 6,036

SG 7,246 1134 344 5,769
F4P 10,179 396 861 8,922

Vermicompost 17,788 807 4,724 12,257
Feather Meal 145,049 670 193 144,186
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Figures 
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Figure 4.1:  Percent nutrients in tissue from direct seeded treatments in weeks 2-4 in 
Experiment 1 from tissue analysis.  Data points below dashed lines indicate that tissue is 
deficient for that nutrient.  Deficiency levels from Bennett (1993).  
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Figure 4.2:  Percent nutrients in tissue from transplanted treatments in weeks 2-4 in 
Experiment 1 from tissue analysis.  Data points below dashed lines indicate that tissue is 
deficient for that nutrient.  Deficiency levels from Bennett (1993).  
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Figure 4.3:  Percent nutrients in tissue from weeks 2-4 in Experiment 2 from tissue analysis.  
Data points below dashed lines indicate that tissue is deficient for that nutrient.  Deficiency 
levels from Bennett (1993).  
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A.  0FM 
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Figure 4.4:  Solution nitrogen content and form over time from Pour Through Analysis in 
Experiment 2. 
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D. 2FM 
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Figure 4.4 (Cont.):  Solution nitrogen content and form over time from Pour Through 
Analysis in Experiment 2. 
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G.  F4P 
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Figure 4.4 (Cont.):  Solution nitrogen content and form over time from Pour Through 
Analysis in Experiment 2. 


