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The objectives of this study were: 1) To evaluate short-term composting of
hardwood bark with combinations of poultry litter and ammonium nitrate and 2) To
determine the suitability of composted material for ornamental plant media. In a 3-month
accelerated composting study, hardwood bark was amended with (20% & 40%) poultry
litter, (1% & 2%) ammonium nitrate, or unamended. Composting was run in fifteen 35gallon containers and samples were collected at day 0, 45, and 90 for pH, moisture
content, carbon-to-nitrogen ratio, compost maturity, toxicity, and green house
evaluations. The amendment containing 40% poultry litter showed significantly higher
weight reduction than others at days 45 and 90. Also, this treatment showed significantly
higher mass weight in transplanted zinnia and gardenia than other treatments and was
comparable to commercial media. Overall, results indicated that the amendment of
hardwood bark with poultry litter could produce comparable product to currently used
commercial container media.
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CHAPTER I
INTRODUCTION

The disposal of byproducts from forest product industries has become a problem
throughout the southeastern United States. Hardwood bark (HB) and pine bark (PB) are
both forest product industry byproducts. The U.S. census reveals in 1997 that there were
892 wood products industries in Mississippi (Borazjani et al., 2004). The manufacturers
of wood products in Mississippi produce several million tons of wood waste and bark
residues each year. Around 75 percent of these waste materials are used for energy and
some to make other wood products, however, a thousand tons of unused residues still
remain (Borazjani et al., 2004).
Thirty one percent of solid wood products generated in Mississippi annually are
hardwood wastes in which bark residues make up around 31% (Garrard & Leightley,
2005). In 1994 in Mississippi, 7.5 million tons of wood wastes were generated in which
750,000 tons were hardwood bark (Alderman et al., 1999). Also, it is estimated that the
amount of wood waste and bark residue increased in 2004 to 12.2 million tons from 376
wood products manufacturers in Mississippi (Borazjani et al., 2004).
There are many ways the forest products industry can dispose of their wastes. One
of the most popular ways to dispose of this waste material is to burn them as an energy
source for oriented strand board and plywood manufacturers, however, smaller
manufacturers do not have enough space or facilities to burn the wood waste for energy.
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This wood waste may be transported elsewhere if it is economical. However,
transportation is more expensive than the profit gained from the sale (Borazjani et al.,
2000). Some companies use landfills for disposal of their wood wastes, but this method is
relatively expensive and may cost as much as $6,000 per month for small companies
(Borazjani et al., 1997).
The United State Department of Agriculture’s website (2012) has reported that
broiler production in Mississippi was 784,000 tons in 2011. Moreover, the poultry
industries produce huge quantities of waste litter annually causing a major disposal
problem. Poultry litter contains high amounts of nitrogen (N) that can be used as a
fertilizer over land to provide an essential nutrient for plant growth (Joseph et al., 2011).
However, excess nitrogen can cause runoff problems into the surface and groundwater
supplies (Borazjani et al., 2000).
The Amendment to the Clean Water Act of 1987 mentioned each state is required
to determine non-point water contamination issues and to create management plans to
address these issues. Pollution produced by animal operations is considered nonpoint
source pollution. Thus, all poultry industries need to provide a mechanism for utilizing
and disposing of their waste problem.
Composting is an acceptable, simple solution, and one of the oldest ways to
convert waste materials into a usable product. On one hand, composting eliminates cost
of the disposal of the HB and PB separately and on the other hand, compost by itself is a
valuable material with a good marketing potential. Composting improves the raw waste
materials characteristic to be usable as a soil amendment or potting media.
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One important factor in the composting process is time because it has a direct
effect on the cost and profit of the finished compost. The wood waste composting process
usually takes around 180 days to have mature compost (Borazjani et al., 1997; Borazjani
et al., 2000). However, there is a strong desire to reduce this time because of the
commercial benefits.
The objective of this study was: To evaluate short-term composting of hardwood
bark with combinations of poultry litter and ammonium nitrate and to determine the
suitability of composted material for ornamental plant homeowner potting media.
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CHAPTER II
LITERATURE REVIEW

Hardwood Bark Disposal Problem
The tough outer layer of woody stems and branches is bark, which contains dead
tissues on the outside and living tissues on the inside. Bark includes the plant tissues on
the outside of the vascular cambium (Howard, 1971; Martin, 1969). Bark and wood are
similar in cellulose and hemicelluloses levels, but differ in the amount of lignin (Esau,
1965; Harkin & Rowe, 1971). The lignin present in bark is around two times more than
found in the wood of softwood and hardwood tress. There is no current estimate for the
amount of annual US bark residues available but according to the USDA Forest Service,
the production of bark in United State once was estimated to be above 20 million tons
annually (Harkin & Rowe, 1971).
Routinely, wood product industries produce two different types of bark which
are pine bark (PB) and hardwood bark (HB). Pine bark and hardwood bark have very
similar characteristics, but there are some differences between them which make pine
bark more suitable than hardwood bark for use by nurseries.
The pH of PB is normally lower than 4.5 and higher than 3.4 which is acidic
(Hayden, 2005). Pine bark is used more for growing media because of its acidic
characteristic and low initial fertility (Hoitink & Poole, 1980). Also, PB in composted
form has higher cation exchange capacity which can prevent growth of pathogenic fungi
4

(Hoitink & Poole, 1980). Pine bark can be used in its raw form without any need to be
composted prior to use. The great water holding capacity of pine bark, which retains the
amount of water acceptable for plants, makes pine bark more useful as a growth medium
(Pokorny, 1979). Pine bark is also used as mulch for acidic soil amendments. It resists
decomposition and creates a good condition for growing roots (Thomas & Schumann,
1993). Moreover, pine bark contains some chemicals which reduce the rot diseases and
prevent fungal survival. The nursery industry that previously used peat has recently
became a strong consumer of pine bark instead of peat (Thomas & Schumann, 1993).
Nowadays, PB is a common component of container media by nurseries due to its
availability and desirable chemical and physical properties.
In contrast, the pH of hardwood bark (HB) is 5.2-5.5, which is a higher pH than
pine bark. Also, the pH of composted HB increases to near 7.0 due to the presence of
high levels of calcium (Hayden, 2005). A desirable pH for ornamental plants is between
5.5-6.2 so, composted hardwood bark is not appropriate for ornamental plants
(Bilderback, 1982). HB decays three times faster than PB and it loses the major part of its
nitrogen during decomposition. Therefore, more nitrogen needs to be added to hardwood
bark before and during composting to substitute for lost nitrogen (Bilderback, 1982).
Golueke (1981) demonstrated that no noticeable amount of nitrogen was detected in
composted hardwood bark after 120 days without added nitrogen, and no nitrogen
remained in composted HB.
The suitability of hardwood bark for use as a soil amendment is low because of its
pH and the high level of tannin. Tannin is toxic for plants and causes plant growth
inhibition (Hayden, 2005). One main reason for high marketability of PB is its great
5

water holding capacity. The water holding capacity of HB is less than pine bark, but it
increases gradually during a plant’s growth cycle. Increasing water holding capacity can
cause a decrease in air porosity which could increase the fungal populations in the
compost (Jagdale et al., 2004). HB does not have a strong market in the United States
because of these negative characteristics (Mason, 2004).
There are many ways to dispose of HB in the forest product industries. One of the
most popular disposal methods of this waste material is to burn it as an energy source for
the manufacture of oriented strand board and plywood (Borazjani et al., 2000). Until the
mid-1800s the energy gained from burning wood waste material was the main source for
energy. Nowadays, only 2 percent of the energy in United States is provided from wood
waste (Gartner et al., 1974). However, burning bark residue as an energy source is still
the most popular way to dispose of HB, but smaller manufacturers do not have enough
space or facilities to burn wood waste for energy. They may transport it elsewhere if it is
economical, but typically transportation is more expensive than the profit gained
(Borazjani et al., 2000).
Burning wood and bark residues can help the mills reduce the cost of using
natural gas, but the manufacturers have to meet the current air pollution standards which
are often costly (Sweet & Fetrow, 1975). Burning waste wood can cause emission of
smoke, particulates, and odor into air which has adverse effects in the atmosphere
without proper management and control. Wood smoke impacts human health due to the
chemicals in it that are potentially carcinogen and mutagenic, causing irritation of the
eyes, nose, and throat. Wood smoke also contains small noxious particles which can
remain in deep parts of the lungs (Jambeck, 2004). Therefore, mills need to find other
6

harmless methods to dispose of their waste materials especially small manufacturers that
are unable to buy advanced control devices. In addition, burning wood waste and bark
residues produces an ash which must be disposed of ultimately costing more money
(Elliott & Mahmood, 2006)
Some companies use landfills for disposal of their wood wastes. However, this
method is relatively expensive and may cost as much as $6,000 per month for small
companies (Borazjani et al., 1997). In addition, the protection of the ecosystem has
recently become increasingly important and new laws have been approved which prevent
dumping or burning of hardwood bark by wood manufacturers (Gartner et al., 1974).
The everyday demand for a substitute material for ornamental planting soil is
increasing (Gartner et al., 1974). In the past, peat has been used extensively to improve
the chemical and physical characteristics of potting soil for growing ornamental plants
(Gartner et al., 1971). However, peat is not a sustainable material. In addition, the process
of mixing peat with other materials such as sand, perlite, vermiculite, or calcined clay to
reduce the cost of peat is expensive (Coorts et al., 1964).
Bosley (1969) began to look for a substitute for potting soil. He compared
different species of hardwood bark which are produced in large quantities in the Midwest
and mixed them with sand. When composted, these materials were great container media
for ornamental plants. However, there were several problems such as pH and nitrogen
requirements through the composting processes which were different when the species of
hardwood bark was changed or mixed together (Bosley, 1969).
Another option to dispose hardwood bark, instead of burning as an energy source
or making compost, is to use it as mulch. Using hardwood bark as mulch also has several
7

problems. Hoitink (1982) observed that when the sizes of HB particles decreased to use
as landscape mulch, the physical properties of the hardwood bark mulch changed.
Reducing the size of particles created poor aeration and poor plant growth and increased
the rate of decay as particle size decreased. However, hardwood bark mulch has a great
absorption rate for heavy metal ions because of its physicochemical properties, for its
fast removal rate, and relatively high capacity for all the heavy metal ions. Therefore, it
can be used to reduce heavy metals in urban runoff that contains heavy metals (Jang et
al., 2005).
All hardwood bark disposal practices such as burning as an energy source,
composting, and mulching have been proven to be effective and environmentally friendly
methods. However, these practices have some problem. Therefore, manufacturers need to
find a cheap and also efficient way to deal with their by-products because it becomes a
heavy economic burden for wood products plants in Mississippi.
Problem with Poultry Litter
The poultry industry has become one of the largest and fastest growing industries
in the world (Bolan et al., 2010) with an estimated 5 percent growth rate annually (Sims
& Wolf, 1994). The USDA (2012) reported that in 2011 there were 8.61 billion broiler
chickens produced in United States in which Mississippi produced 784 million broilers.
Each bird is estimated to produce around 1.5 Kg of manure annually which is a large
amount of manure per year (Moore et al., 1998).
The disposal of waste materials such as poultry manure, litter, and dead birds are
three of the greatest concerns for poultry industries and can cause environmental and
economical problems for the industry (Edwards et al., 1992). It is estimated that the
8

poultry industry produces 600,000 tons of poultry litter in Mississippi annually (Martin,
2000). In 1990, 62 percent of all waste materials produced by the poultry industry were
poultry litter (Moore et al., 1998).
Poultry litter (PL) primary consists of poultry manure, bedding material, feathers,
spilled feed, and macronutrients. A relatively low moisture and high macronutrient
content makes poultry litter more suitable and more valuable than other animal manure to
use as fertilizer (Wilkinson, 1979). This manure has higher concentrations of nitrogen,
water, P, Ca, Mg, and Zn than other litter (Moore et al., 1998). The traditional way to
dispose of poultry litter is to apply it over agriculture lands to provide essential nutrients
for plants (Bolan et al., 2010; Borazjani et al., 2004; Borazjani et al., 2006).
Neighboring farms are the strongest customers for poultry litter to use as a
fertilizer because it is a low cost fertilizer and excellent source for N, P, and K (Zhang et
al., 2003). According to USDA (2012), the poultry industry is growing very fast in states
such as Georgia, Alabama, and Mississippi. Since the poultry industry in the south
generates large quantities of waste, over fertilization of land can occur which could
contribute to excess nutrient (N, P, K) runoff into the surface and groundwater supplies
(Borazjani et al., 2000; Hatten et al., 2009).
Over-fertilization of croplands with PL can occur; in particular high levels of P
can accumulate. This results in run off of the excess P into watersheds causing bad odors
and taste due to the high growth of algae in lakes and streams (Bock, 2004). According to
the New York Times (Venkataraman, 2008) and Kelleher et al. (2002), the main cause of
eutrophication is leaching of nutrients from over-fertilization of land in coastal waters
which causes dead zones and reduces the number of fish and crustaceans in these zones.
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Strict guidelines for disposal of process water effluents from industry are
regulated by Environmental Protection Agency (EPA). The amount of total suspended
solids, total N and K, biological oxygen demand, chemical oxygen demand, and
distribution of heavy metal content of any and all waste water after treatment are
considered in the guidelines from the EPA (EPA, 2012a). According to the EPA (2012)
website, each state is required to create water quality standards called Total Maximum
Daily Loads (TMDLs). The TMDLs program must specify the “impairment” amount of a
given river, stream, lake or watershed through testing and recognizing the kind of
contaminants. The acceptable amount of pollutants, the basic level of contaminant, and
the contaminant from point source are determined by different states (EPA, 2012b).
There are other options for poultry industry to dispose of their poultry litter such
as using it as cattle feed. Since the spread the mad cow disease many people and groups
have called the Food and Drug Administration (FDA) to ban feeding cattle with poultry
litter. These numerous food and consumer groups claim that poultry litter contains
rendered tissue from ruminants which is regularly used as poultry feed (Alderman et al.,
1999).
Poultry litter contains bacteria like Salmonella enterica, Toxoplasma gondii, and
Trichinella spiralis, which can cause infection in humans (Hinton, 2002). However, the
cattle industry has been feeding cattle with poultry litter as a high-protein by-product
complement for many years (Andrew, 2009), but there are not enough cattle industries in
Mississippi to consume all PL produced by the Mississippi poultry industry (Marumo,
2008).
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PL also could be used as a fuel source since it contains cellulosic and other
bedding materials. Seventy five percent of poultry industries have been using propane
and natural gas as energy sources to keep broiler houses warm, however, propane and
natural gas is expensive. A typical broiler produces around 65 tons of excess poultry litter
except the amount which is used as a fertilizer. This 65% could produce 86% of thermal
energy if it could be changed to an energy source. However, there is not at this time a
farm size commercial unit (Perera et al., 2010).
Poultry litter could also be transferred to a power plant to be used as an energy
source. In a power plant, PL produce 15 percent ash containing nutrients such as P, K,
sulfur, and micronutrients in a concentration that is more than the PL contained before
combustion. This produced ash has to be transferred to other plants (Bock, 2004).
Therefore, all of these processes and transportation often costs more than the profits
generated. The poultry industry has to find a relatively inexpensive, easy, and acceptable
solution for disposal of their waste materials.
Making compost of poultry litter mixed with waste wood and bark may be the
best solution for disposal of poultry litter. Composting is a relatively fast biodegradation
process. Composted poultry litter is easy to handle, odorless, and pathogens free
(Kelleher et al., 2002). Leaching and releasing net nitrogen from fresh poultry litter
applied over agricultural land is more than composted litter and it can be intensified by
the influence of chemical composition of poultry litter and soil factors (Dick et al., 2012;
Hatten et al., 2009). Composted poultry litter has a small and uniform texture which
makes it spread evenly over land. Moreover, good utilization of composted poultry litter
can provide a result similar to chemical fertilizers (Holden, 1990).
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Composting can be one of the possible solutions for recycling poultry litter and
turning this waste material into a usable product (Brake, 1992). Suitable compost from
poultry litter can reduce the expense of purchasing new litter materials for each poultry
house annually. Also, composting can decrease volume and increase nutrient density thus
increasing the acceptability of poultry litter as a fertilizer on land. Composting can
change raw poultry litter into an acceptable and environmental friendly product which is
completely safe to apply over land up to 50 tons per acre.
Composting
Composting is an acceptable, simple solution, and one of the oldest ways to
convert waste materials into useful products. Composting is an aerobic biological
decomposition process which can change organic waste substrates into a stable humus
material at elevated temperatures (Borazjani et al., 2000; Hatten et al., 2009). Stable
composted organic waste materials can be applied over land or soil without any adverse
effects on the environment (Wilde, 1960). Moreover, composting improves the raw waste
materials characteristic making it more usable as a soil amendment, reducing volume and
toxicity levels, and improving the water holding capacity (Borazjani et al., 2000).
Composting has a lot of benefits such as reduction in usage of chemical fertilizer
on land, decreasing of the need for landfill space, reducing the cost of transportation of
waste materials, and reducing the amount of generated methane at landfills. It also
converts municipal wastes to valuable materials. Composting can be done in small places
like a house or large spaces like a garden; it can be inexpensive, can recycle organic
materials, and can produce a final product with a good marketing potential (Hoornweg et
al., 2000). However, it also has some disadvantages like odor nuisances from composting
12

installations, possibly increasing and scattering pathogenic and allergic microorganisms,
and the potential for soil and water pollution (Beffa, 2002). Moreover, there are some
limitations on composting such as poor or incurred composting makes a poor compost
quality; some lack of accurate plan for marketing of the final product; and low attention
to requirements of biological process (Hoornweg et al., 2000).
Bundy et al. (1995) investigated the advantage of composting versus land-fills by
producing composts from bark, sawdust, trimmings, and wood shavings. They found
many advantages of composting compared to land-fills. In contrast with land-fills,
composting does not require a formal environmental permit. The land-fills permit must
be renewed every 5 years and after 30 years the site must be completely closed. The
composting process is relatively cheaper than land-fills, with the average cost of
composting $2,000 versus $90,000 for land-fills annually (Bundy et al., 1995).
Furthermore, composting is entirely eco-friendly or green because it improves the soil
and land quality.
The rate and quality of composting depends on different factors which are
categorized into three categories of physiochemical, environmental, and biological. The
factors with higher impacts on composting in physiochemical category are temperature,
pH, electrical conductivity (EC), C, and N content, the C: N ratio, moisture content, and
aeration (Gao et al., 2010; Satyanarayana & Johri, 2012).
The microbial activity generates the needed temperature; e.g. reaching compost to
adequately high temperature between 60-80oC during composting can eliminate almost
all pathogens from the final products. The desired pH for composting is between 6 and 8.
However, composting can be done over a wide pH range because of the variety of
13

microorganisms involved in the composting process (Harper et al., 1992; Satyanarayana
& Johri, 2012; Beffa, 2002). The optimum electrical conductivity is between 3 and 5 and
is measured by the amount of salt in the soluble compost. The microbial growth depends
on C: N ratio and the desired C: N ratio is about 30: 1 in order to have the maximum
growth (Satyanarayana & Johri, 2012).
The moisture content of composting materials should be kept around 50- 65 %
based on dry weight because it helps the cooling and development of the compost and it
helps microbial multiplication. Moisture contents below 50% show slow microbial
activity, while above 65% moisture content fills wood pores with water creating an
anaerobic condition. Composting requires aerobic conditions with above 10 ppm of
oxygen. Regular aeration helps to make a desirable aerobic condition for microbial
growth (Satyanarayana & Johri, 2012; Beffa, 2002; Satyanarayana & Johri, 2012).
Hardwood bark (HB) can be used as soil amendment after it is completely
composted. Hardwood bark contains high cellulose and low lignin; so it shrinks very fast
and steals nitrogen from plants. Also, this defect cannot be balanced efficiently by adding
additional nitrogen. However, well-aged, fine textured, composted hardwood bark can
minimize this negative effect (Stoffella & Kahn, 2001). Except nitrogen which is an
essential addition for composting HB (Bosley, 1969), iron sulphate should also be added
after the initiation of the composting process since HB releases excessive quantities of
manganese for some crops. As HB releases noticeable amounts of calcium, less lime is
needed to be mixed into composting HB. Also, composted HB has shown better diseasesuppressive properties than other kind of composted barks (Hoitink et al., 1997; Lanthier,
2009).
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Composted HB contains some fungicide-like chemicals and microorganisms
which eliminates root diseases in plants. Suppressing of Phytophthora root rot has been
shown in controlled laboratory tests using composted HB. Control of Fusarium in
composted HB is comparable to sterilized peat (Hoitink & Poole, 1977). After one year
composted HB has a noticeable effect on the reduction or inhibition of sporangia and
zoospores by Phytophthora sp by releasing components into water phase of the container
medium (Chen & Avnimelech, 1986).
Trillas-Gay et al. (1986) examined the effect of heat on suppression properties of
hardwood bark. They observed that composted HB lost its suppressive effect on some
fungal plant pathogens like Fusarium by heating hardwood bark treatments for 5 days at
60oC. However in another study, Serra-Wittling et al. (1996) found that heat treatments
(5 days at 60oC) did not eliminate the suppression effects of hardwood bark.
Historically, composting by adding ammonia began in 1946 with Voige and
Brener who wanted to enhance the quality of compost (Wilde, 1960). Gartner et al.
(1971) utilized hardwood bark as a soil amendment for growing both herbaceous and
woody ornamentals. Geranium and chrysanthemum were planted in different containers
with growing media including hardwood bark with soil, perlite (1:1:1) and soil:
hardwood bark (1:2). Growth results of plants were compared to a control media
containing soil: peat: perlite (1:1:1). All media were fertilized with 200 ppm nitrogen, 10
lb dolomitic lime and 2.5 lb superphosphate. All geranium plants showed good growth in
all treatments except for the treatment containing fine ground HB which suffered from
insufficient aeration. Also, chrysanthemums which were planted in containers containing
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HB did not show results as good as in the control. It was concluded that the container
mixed with HB required a considerable amount of nitrogen.
The effects of adding nitrogen and the percentage of moisture content (MC) on
decomposition rate of hardwood bark were measured in 1975 by Cappaert et al. They
found that at 60 % moisture content the decomposition rate was higher than 40%. Adding
0.5% nitrogen to the 40% MC and adding 0.8 % mineral nitrogen to the 60% MC
hardwood bark also increased the rate of decomposition (Cappaert et al., 1975).
Hardwood bark treatments with 40% MC and 0.5% nitrogen showed the highest weight
reduction among the other treatments.
The addition of CO(NH2)2 to HB has been suggested by scientists in order to
equal container media; they found that composted HB can eliminate root rot in some
plants (Hoitink & Poole, 1980; Hoitink, 1982). Moreover, NH4NO3 has also been used by
other researchers throughout the composting process and this form of N shows better
results than CO(NH2)2 (Gartner et al., 1973; Sterrett & Fretz, 1997). The phenolic
component available in hardwood bark and amount of nitrogen are the main reason for
poor initial growth of the plants in composted HB. These defects can be overcome by
adding proper amounts of nitrogen and long term composting (Yates & Rogers, 1981).
Yates and Rogers (1981) compared mature composted HB treated with 57%
CO(NH2)2 with composted HB treated with NH4NO3. They performed seed germination
bioassay tests on the composts by using Grand Rapids lettuce seeds and plant assay test
of Bright Golden Anne chrysanthemum. They observed a better seed germination rate
and higher length in the composted hardwood bark amended with CO(NH2)2.
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Composting Process Time
The entire composting process time from when the process is launched till when
the compost is ready to use is one of the key factors in the composting cycle because it
has a direct relation to the cost and quality of the compost. By reducing the time of
composting, compost facilities in warm climates can set up 2 or more composting
processes per year and keep the environment cleaner by converting more waste materials
into usable and environmental friendly products. The composting process usually takes
around 180 days (6 months) to have mature compost useable as a soil substitute for
ornamental plants (Antizar & Russell, 2007; Borazjani et al., 1997; Borazjani et al., 2000;
Mangum et al., 2011; Wiltcher et al., 2000). However, there is a strong desire to reduce
this time because of the commercial benefits.
The required time to complete composting depends on the climate conditions, the
nature and texture of the used raw waste materials, and the desired maturity temperature
(Bell, 1973). Hoitink et al. (1978) stated that four to six months is needed to breakdown
the cellulose present in bark and to have mature compost for an aged bark amended with
1kg N/m3. Gartner et al. (1973) noted that to have a good compost of HB in 6 weeks, it is
essential to mix 2/3 aged HB with 1/3 sand. Koranski & Hamza (1978) demonstrated that
chrysanthemums should be planted in 10 months composted hardwood bark to produce
marketable plants.
Borazjani et al. (1997) observed significant weight reduction from 180 day
composted wood waste provided from furniture manufactures in Mississippi amended
with and without horse manure. There was a significant difference between manure and
non- manure compost, while no difference was observed between different percentages of
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manure. In another study, Borazjani et al. (2000) successfully composted plywood and
sawmill residues amended with 5% chicken manure, 5% horse manure, and 3% cotton
gin trash. After 180 days, all treatments showed reduction in weight and toxicity level.
In another study, furniture sawdust amended with 10 or 20 % poultry litter and
pine sawdust with and without 30% poultry litter were composted (Borazjani et al. 2006).
All treatments showed weight reduction, but furniture sawdust treatments amended with
litter showed significantly higher weight reduction at day 180. The color of 20 and 10%
amended treatments were significantly darker at day 180. Also, the pH improved in all
treatments and 20% amended sawdust reached near to zero in toxicity level after 180
days.
Six months composting of hardwood sawdust and furniture sawdust amended
with different percentages of poultry litter was done to determine the effect of
composting on the leaching of nitrogen, phosphorus, and potassium from the sawdust
(Hatten et al. 2009). Hardwood sawdust and furniture sawdust amended with 0, 20, and
30% chicken litter separately and one treatment containing chicken litter only with no
sawdust were studied. Toxicity Characteristic Leaching Procedure (TCLP) was obtained
from day 0, 90, and 180 substrates. Every treatment at day 180 showed toxicity reduction.
All of the 180-day amended composts showed a significant reduction in N and K
concentration compared to day 0 and 90 amended composts. Based on a radish
germination test, it was observed that hardwood sawdust compost matured faster than
furniture compost.
Hoitink et al. (1997) reported that HB needs 180 days after mixing with three
pounds per cubic yard inorganic nitrogen to be composted. Yates and Rogers (1981)
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tested 60-day and 180-day composted HBs amended with NH4NO3 and CO(NH2)2 with
lettuce seeds and chrysanthemum. Plants grown in the 180-day compost showed higher
weight gain than plants grown in the 60-day compost. However, even plants grown in the
180-day compost had less than one-half the dry weight of plant growth in the control.
Borazjani et al. (2004) concluded that adding 10, 20, and 30 percent of chicken
manure to the hardwood sawdust increased the rate of decomposition in treatments. In a
90 day study, all treatments amended with different percentages of added chicken litter
composted well and showed significant weight loss compared to unamended treatments.
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CHAPTER III
MATERIALS AND METHODS

Compost Setup
Ground-up hard wood bark was provided by Penick Forest Products in Macon,
Mississippi. Inorganic ammonium nitrate fertilizer and poultry litter was used as a
nitrogen (N) source for this study. Dried poultry litter was collected from the Poultry
Science Department at Mississippi State University campus from caged broilers and
contained bedding materials such as sawdust, and manure. Ammonium nitrate was
purchased from a local agriculture store. Samples were collected from hardwood bark
and poultry litter and sent to Enviro-Labs, Inc to determine the amount of Total Kjehldahl
Nitrogen(TKN) (EPA Method 351.3), which includes Nitrate (NO3), Nitrite (NO2), and
Ammonia (NH4). In addition, samples were tested for Phosphorous, and Potassium using
EPA Method 6010 and toxicity (1/EC50) for the starting materials before mixing the
treatments for this experiment. The results of these background tests are indicated in
Table 1.

Table 1

Hardwood bark and poultry litter pretest results

Sample Description TKN mg/l Phosphorous mg/l Potassium Toxicity (1/EC50) (%)
Hardwood Bark
1502
170
1300
1.48
Poultry Litter
19560
19000
16000
2.9
Note: TKN refers to Total Kjehldahl Nitrogen
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Both hardwood bark and poultry litter were air dried for 48 hours for additional
moisture evaporation. The hardwood bark and litter were screened through a2 cm screen
to remove any large pieces from the starting material. Fifteen 35-gallon plastic cans were
purchased at a local hardware store to hold the hardwood bark and amendments. Five
3cm holes were drilled into the bottom of each can to prevent them from retaining water,
and creating anaerobic conditions. A layer of gardener’s fabric mesh was placed on the
bottom of each can to prevent compost from falling through the holes and to allow
passages of water.
This study consists of five treatments that were replicated three times. The
experiments were conducted on site and outdoors at the North Mississippi Research &
Extension Center for horticultural research. Individual random samples from bark and
poultry litter were taken to determine the overall moisture content and nutrient levels of
each replicate within treatments. The treatments were as follows and weights given below
are on dry-weight basis:
1. Control containing 11 Kg of ground up hardwood bark only
2. Hardwood bark plus 25 percent poultry litter 2.2Kg mixed with 8.8 Kg of
ground up bark
3. Hardwood bark plus 40 percent poultry litter (4.5 Kg) mixed with 6.5Kg
ground up bark
4. Hardwood bark plus ammonium nitrate (330gr) Containing 10.7 kg of
ground-up bark with a onetime application of ammonium nitrate.
Ammonium nitrate 3 percent plus water (110gr nitrogen each containers)
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5. Hardwood bark (10.3 Kg) and another application of 330gr of ammonium
nitrate or 110gr of nitrogen after 30 days again
The contents of each container were thoroughly hand mixed before placing them
into the containers and then moisture was adjusted to above 50 percent. Containers were
weighed and placed in three rows outdoors in a random arrangement for 90 days (Figure
1).

Figure 1

Compost cans placed outdoors in a random arrangement

Aeration, Irrigation, and Temperature
All containers were thoroughly mixed and aerated at least once per week in order
to have an aerobic condition in composting containers. Treatments were physically mixed
by hand in order to have uniform turning in all cans. Aeration of the compost ensured that
the moisture content remained around 50%-65% within each container to prevent
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anaerobic conditions. Moisture content was assessed weekly and adjusted accordingly to
keep the moisture level at 50%-65% range by rainfall or well water. Also, the number of
aerations per week, once or twice, was dependent on precipitation or heat and humidity
conditions.
The thermophilic temperature of 71oC, which is more than ambient air
temperature, served as an indicator for composting maturation. Also, pile temperature
depends on the size of composting materials and the ingredients. Temperature was
monitored within containers between sampling days to find out the duration of the
thermophilic stage and to ensure that the treatments were composting properly.
Sampling
Each container was thoroughly mixed by hand before collecting samples to ensure
uniform and homogenous samples. Containers were weighed before and after taking
samples to determine the overall weight of the compost and to measure accurate weight
loss in each treatment. Samples were collected on days 0, 45, and 90 from compost
materials. The weight of collected samples for the laboratory and green house tests was
different for each sampling dates. Two pounds (908.88 g) of samples were taken from
each replication for day zero. Also, more than four pounds (1.850 kg) of samples were
taken from each container for day 45 and 90 for laboratory and green house tests. The
additional samples were placed into a freezer instantly after finishing the tests.
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Moisture Content
The oven–dry method was used for moisture content determination. A small
amount of samples were weighed and dried overnight in the oven to determine the
moisture content in each replication. For this test, a small aluminum pan was selected and
weighed. After recording the pan’s weight, the scale was then zeroed out, and then
around 5 g was taken for each sample of wet composted materials and placed into the
aluminum pan. The sample in the aluminum pan was then placed into the oven in order to
dry for at least 16 hours at 100 degrees C. Dried samples were then removed from oven
and weighed. The weight of the pan was subtracted from total weight. The resulting dry
compost weight was subtracted from the compost wet weight to determine the weight
attributed to the moisture. The moisture weight was then converted to percentage to have
percentage of moisture content.
Compost Maturity Tests
Plant Germination in Compost Test
The plant germination test for the compost was performed based on Florida’s
Composting Center using radish seed (http://sarasota.ifas.ufl.edu/compost-info). The
germination test using radish seed was performed to find out whether or not the compost
had matured. The test was conducted on all samples taken from day 0, 45, and 90 to
determine how the compost performs as a soil substitute and the effect of compost on the
plant (radish). Seeds (Cherry belle radish, Ferry Mors Seed Company) were planted
directly into the compost in paper cups. Good and healthy growth of radish depends on
many environmental factors including the quality of the soil; i.e. the existence of specific
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elements in the soil. Therefore, if the compost affects the balance of those factors, the
result of the test should show some sign of improper growth of radishes.
Six radish seeds were planted in each cup directly into the compost samples.
Potting soil was provided from the greenhouse in the Plant and Soil Science Department
at Mississippi State University as a comparison control. Cups were randomly placed
outdoor and were irrigated regularly with deionized water to ensure that the compost cups
remained moist. After seven days, the number of seeds germinated was recorded in each
cup and germination rate was calculated.
Plant Growth in Compost Test
Immediately following the germination test, the 7-day old seedlings were kept for
another 14 days which is called plant growth in compost. This test is the same as the
germination test and shows the quality of compost and its effects on plant growth and
vigor. It also determines if the compost is providing sufficient nutrients to plants. After
germination the test seedlings were thinned to three seedlings per cups. The cups were
rearranged in a new random configuration and the step was extended for another 21 days.
Cups were irrigated with deionized water regularly without adding any fertilizer
to keep cups moist. Twenty-one day plants were pulled out with roots and the roots were
washed thoroughly to eliminate any compost pieces. The plants were weighed and
recorded to calculate the average weight per plant which was compared to radishes
planted in nutrient rich soil.
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pH Test
The pH test was used to calculate the pH of composted materials for day 0, 45,
and day 90. The overall growth of plants and overall condition of root growth depends on
pH of soil or compost, so it is possible to estimate the plant’s growth rate by knowing the
pH. Each plant has a tolerable range of pH for optimum growing; therefore the pH test
shows whether or not the pH of compost would pass for that required for ornamental
plants. For pH test, one gram of each compost sample was mixed with 9g of deionized
water and placed in a test tube. The test tubes were sonicated in a water bath (Ultrasonic
Cleaner Branson 2200) unit for ten minutes to ensure the particles from compost were
thoroughly separated and mixed into the water phase by ultrasound. Then, the sample
tubes were kept in the refrigerator for overnight.
After 12 hours, the tubes were centrifuged for 20 minutes at 50,000 rpm to mix
and separate solid phase from liquid phase. A Mettler Toledo Seven Go Portable pH
meter unit was used to measure the pH in the liquid phase of samples and the pH
electrode arm was washed with distilled water after measuring the pH of each sample.
Toxicity
Immediately following the pH test, the toxicity test was performed on replicates
of each treatment. The pH of compost solution from each sample was adjusted to 6.008.00 range, preferably around 7.0. Microtox model 500 toxicity auto analyzer (Microbics
Corporation, Carlsbad, California) was used to measure the toxicity of compost samples
(Figure 2). The toxicity test measures if the concentration of compound in composted
material is more or less toxic versus uncomposted materials. Two hundred and fifty µl of
Microtox Osmotic Adjustment Solution (OSA) was mixed with 2.5 ml of extracted
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samples in Microtox cuvettes and placed in Microtox cooling wells to reach a target
temperature of 15oC. From the 2.5 ml cuvette, 500 µl were removed and placed in four
other cuvettes. Also, there were five control cuvettes containing ultra-pure water for each
individual test which were used as control for comparison with each sample set. In order
to make the bacteria solution, one ml Microtox Reconstitution Solution (SDIX, Newark,
Delaware) was added to the freeze dried bacterium, Microtox Acute Reagent, and before
using it was cooled to 15oC. Five minutes prior to the start of the analysis, 10 µl of
Microtox reagent was added each cuvette. The luminescence reduction of marine bacteria
affected by the sample solution was used to determine relative toxicity levels.

Figure 2

Microtox analyzer unit
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Nutrient and Carbon Analysis
Approximately 30 grams samples from each replicate taken from day 0 and 90
days were sent to Enviro-Labs, INC. laboratory for analyzing nutrient and carbon. The
amount of TKN, Total Kjeldahl nitrogen, tested by EPA Method 351.3 and percent of ash
tested by EPA Method 160.4 were estimated for each sample. Also, around 20 gram of
samples were sent to the MSU Soil Testing Lab for analyzing the concentration of N, P,
and K as well as the concentration of the secondary nutrients Ca, Mg, and S in samples
using Inductively Coupled Argon Plasma (ICAP) analysis.
Weight Reduction
Compost containers were weighed on day 0, 45, and day 90 before and after
collecting samples. MC was calculated for each replicate. By subtracting the percent of
moisture from the weight of each container, the dry weight of compost was measured.
The weight reduction percent was calculated through 90-day by subtracting weight of
samples collected from previous sampling dates. This ensured that the weight reduction
through each container was only based on composting.
Greenhouse Study
Zinnia’s Test
To determine the suitability and effect of composted materials as bedding media
on ornamentals plants in the short term, transplanted Zinnias (Zinnia elegans) were
grown for a period of 4 weeks on the day 90 composted substrates. The commercial
potting media known as Metro Mix was used as commercial media to compare with
composted treatments. Zinnia elegans requires growing conditions such as neutral pH,
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around 7, well drained bedding soil or compost, full sunny location, and warm weather
(Rhyne, 2008).
One transplanted Zinnia was planted in each pot and six pots were used for each
replicate of each treatment. All pots were placed in greenhouse in same condition and
light (Figure 3). All Zinnias planted in treatments and commercial media were fertilized
with same regiment of commercially available fertilizer once at the beginning and
irrigated regularly to keep pots moist. After four weeks Zinnias were visually graded for
vigor, number of flowers/ buds and height. Finally, plants were harvested at the ground
level for dry mass weight determination.

Figure 3

Transplanted Zinnias in the greenhouse with random design
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Gardenia’s Test
The Gardenia bushes (Gardenia jasminoides) were used and planted on all
treatments to show the long term effect of finished compost on plants. Transplanted
gardenia bushes were planted on day 90-composted substrate and their growth were
compared with those planted on standard commercial composted pine bark. Six
transplanted Gardenia bushes were planted in six pots for each replication and pots were
placed outdoor randomly for a period of three months (Figure 4).
The optimum conditions for growing gardenias are full sun to partial sun, well
drained bedding media, and an acidic soil or compost (MacCubbin & Tasker, 2002).
Plants were irrigated with tap water without adding any fertilizer. After ninety days
gardenias were visually graded for vigor and measured for width, and then harvested
from ground level. Harvested plants were measured and weighed to determine which
treatments produced the largest and heaviest plants.
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Figure 4

Transplanted gardenia bushes placed outdoors for a period of three months

Statistical Analysis
The weight reduction, nutrient concentration, pH analysis, germination and plant
growth in compost, and greenhouse study results from this experiment were statistically
analyzed to determine significant difference between treatments. A completely random
design with three replications for each treatment was used. For comparing treatment
mean differences at P=0.05 Tukey’s multiple comparisons test was used. Data was
processed by SPSS (Statistical Package for the Social Sciences) statistics software.
Treatment descriptions, abbreviated ID, and the number of replications are listed in Table
2.

31

Table 2

Treatment descriptions and reference ID used in the experiment design
Treatments

Reference ID

Replication

Hardwood Bark

C

3

Hardwood Bark + 25%
PL25
3
Poultry Litter
Hardwood Bark + 40%
PL40
3
Poultry Litter
Hardwood Bark + 330g
AMN1
3
Ammonium Nitrate
Hardwood Bark + 660g
AMN2
3
Ammonium Nitrate
Note for Reference ID: C= Control, PL= Poultry Litter, AMN= Ammonium Nitrate.
Letters illustrate amount of mentioned parameter.
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CHAPTER IV
RESULTS AND DISCUSSION

Weight Loss Results
Treatment weight loss results for days 0, 45, and 90 are summarized in Figure 5
and are based on dry weights. The percent of weight reduction at 90-days is shown in
Figure 6. All treatments showed observable weight reductions after each 45- and 90-day
collection. The dry weight of treatments at day 0 compared to day 90 was significantly
different. The unamended hardwood bark treatment showed the lowest weight loss and
weight reduction than other treatments after the 90 days. Greatest weight loss was
observed in treatments amended with higher levels of nitrogen. This included
amendments with 40% poultry litter and the treatment with additional ammonium nitrate.
These results are similar to the finding of Edward and Daniel (1992) and Hatten et al.
(2009) who also found that treatments amended with poultry manure showed significant
weight reductions because of the combination of the high level of nitrogen in poultry
manure with carbon existing in wood.
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Figure 5

Treatment weights for days 0, 45, and 90.

Figure 6

Percent weight loss for all treatments at 90 days.

Notes: Columns with different letter indicate a significant difference between weight loss
at the P=0.05 level of significance.
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Compost Maturity Test Results
Plant Germination
The results of germination test with radish seeds indicated that the 90-day
compost was mature enough to be used as plant media (Figure 7). The germination rate of
radish seeds for all treatments in the composted material at 45-days was lower than the
germination rate in commercial media. However, all treatments showed very close results
in germination rate compared to commercial media by day 90. Figure 7 illustrates the
overall germination results for days 0, 45, and 90. Treatments amended with 40 %
poultry litter showed higher germination rates than other treatments at day 90 and was
exactly the same as the germination rates for control (Table 3). According to Florida’s
Online Composting Center if the germination rate in compost is the same as germination
rate in control/commercial media, then the compost is mature and does not need further
curing (http://sarasota.ifas.ufl.edu/compost-info).
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Figure 7

Overall visual results of germination in Compost Maturity Test with radish
seeds.

Figures from top to bottom are: 7a radishes germinated at day 0. 7b radishes germinated
in composted treatments at day 45. 7c radishes germinated in day 90 compost.
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Table 3

Radish seed germination rate % in compost

Sample ID

Germination Rate %
Day 0

Germination Rate %
Day 45

Germination Rate %
Day 90

C
PL25
PL40
AMN1
AMN2
Control

72.2 a
72.2 a
38.8 a
11.1 a
27.2 a
100 b

66.6 ab
50 a
66.6 b
55.5 a
61.1 b
100 c

94.4 b
94.4 b
100 c
94.4 b
94.4 b
100 c

Plant Growth in Compost Results
Based on the reference from Florida’s Online Composting Center, plants grown
on compost showing lower weight versus radishes grown on commercial media/soil
indicates that the compost is still immature and needs more curing. Also, it shows that the
nutrients may not be in a form available to the plants due to the microbial consumption of
nutrients existing in compost for further decomposition of leftover raw organic matter.
The plant weights at day 0 and day 45 treatments were very far than commercial media
(Figure 8) which shows that the compost was unfinished and needed more curing time.
Plant weights increased in all treatment plants by day 90 compared to day 0 except in the
unamended treatments (C). AMN1 and AMN2 radish weights were much less than PL40,
and were not statistically different from the unamended control treatment. Additionally,
the onetime application of ammonium nitrate results was the same as the two time
application. At 90 day the unamended treatment showed a decrease in weight. Bosley
(1969) noted that composted hardwood bark needs considerable amount of nitrogen, thus
this result was not surprisingly. Stoffella and Kahn (2001) also reported that immature
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composted hardwood bark robs potential nitrogen from plants. Treatments amended with
40 % poultry litter showed significantly higher weights at day 90 than other treatments,
including the commercial media. Figure 9 compares the plants grown in commercial
media and 90-day PL40 treatments. Figure 10 compares the difference appearance and
size of plants grown in all treatments in comparison to PL40 and commercial media.
According to Florida’s Composting Center, if radish weights planted in compost are
equal or better than the control, then the compost is ready for use as a plant media
(http://sarasota.ifas.ufl.edu/compost-info).

Figure 8

Radishes growth weight for all treatments including commercial media.

The commercial media weight at days 0, 45, and 90 was constant. Same letter above
columns indicate that there is no significant difference in plant weights at the P=0.05
probability level.
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Figure 9

Plant growth test. Figure 9A Radishes planted in commercial media and
figure 9B radishes grown in PL40 treatment on day 90.

Figure 10

In each figure radishes grown in commercial media on the left side and
PL40 on the right side are compared with other day 90 treatments.

Clockwise from top left, the middle pots are: Figure 10A is a replicate from C treatments.
Figure 10B is a replicate from AMN2 compost. Figure 10C is a replicate from PL25
treatments. Figure 10D is a replicate from AMN1.
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pH Results
The results of measuring the pH of all treatments for days 0, 45, and 90 are
summarized in Figure 11. Generally, the pH increased in all treatments by day 90, except
for treatments amended with 330g ammonium nitrate (AMN1) and 660g ammonium
nitrate (AMN2) which had a significantly higher pH at day 0. Also, treatments AMN1
and AMN2 were slightly acidic compared to other treatments at day 90 due to acidic
nature of ammonium nitrate. All treatments tended to have a pH near to neutral 7 by day
90. Hyden (2005) found the pH of composted hardwood bark increased to near 7.0 due to
presence of high levels of calcium in the hardwood bark.

Figure 11

Results of pH for all treatments at day 0, 45, and 90.

Different letters in the figure indicate significant difference in pH at the P=0.05 level of
significance.
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Toxicity Results
During the 90 days-composting process, all amended and unamended treatments
showed significant reduction in toxicity compared to the day 0 samples, except for PL40
(Figure 12). Hatten et al. (2009) also observed that furniture sawdust and hardwood
sawdust treatments amended with 30% chicken litter had higher levels of toxicity than
other treatments. Figure 13 compares the toxicity of all treatments with each other at day
90. The treatments C, AMN1, and AMN2 had significantly lower toxicity levels than
PL40. Some fungal species and high level of microorganisms exist in poultry litter cause
higher toxicity level for PL25 and PL40 treatments in day 90 (Hatten et al., 2009).
Although the toxicity of the treatment amended with 25% poultry litter was lower than
the treatment amended with 40% poultry litter, there was no significant difference
between these treatments. Borazjani et al. (2004) found that wood waste sawdust
amended with 20% poultry litter had lower toxicity than other treatments at day 180. It
should be concluded that the PL treatments might need longer time to reduce in toxicity
compared to other treatments. Reductions in percent toxicity are shown in Figure 14.
Again, all treatments showed significantly higher reduction in toxicity than PL40
treatment.
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Figure 12

Toxicity comparison of each treatment at day 0 and day 90.

Different letters in the figure indicate significant difference in toxicity at the P=0.05 level
of significance.

Figure 13

Toxicity levels of all treatments at day 90.

Different letters in the figure indicate significant difference in toxicity at the P=0.05 level
of significance.
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Figure 14

Percent reduction in toxicity among treatments at day 90.

Different letters in the figure indicate significant difference in toxicity at the P=0.05 level
of significance.

Nutrient Analysis and C: N Ratio
All treatments showed a drop in the amount of carbon by day 90, but the
treatment amended with 40 % poultry litter showed a greater reduction than the other
treatments. The concentration of nitrogen decreased in all treatments mainly due to
evaporation of some ammonia from the amended treatments (Table 4). Generally, for all
treatments’ the C: N ratios were reduced from day 0 to day 90. There were no significant
differences between amended treatments in C: N ratio, but unamended hardwood bark
showed a significant reduction compared to the amended treatments (Figure 15).
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Table 4
Sample ID
C
PL25
PL40
AMN1
AMN2

Figure 15

Carbon to nitrogen comparison of day 0 versus day 90.
Carbon mg/kg
Day 0
87310
91010
86462
83929
82488

Nitrogen mg/kg
Day 0
1070
3960
4480
4855
3438

Day90
52552
41352
36235
44839
44930

Day 90
937
2398
3580
3766
2717

Comparison of carbon to nitrogen at day 0 and 90.

Columns with different letter indicate a significant difference in C: N ratio at the P=0.05
probability level.

44

Greenhouse Results
Results of Zinnia
The green house study of day 90 composted treatments with transplanted Zinnia
(Zinnia elegans) for a period of 4-weeks showed increased vigor (height, bulb, and
flower) comparable to commercial nursery container media for 40% poultry litter
treatment (Table 5). The results of visual grading, length in centimeter, number of
flowers and buds, and average weight per plant in grams are tabulated in Table 5. The
Zinnia dry weights per plant grown in 90-day composted treatments are shown in Figure
16. The above ground dried weight of Zinnias for C, PL25, AMN1, AMN2 treatments
were significantly less than the dried Zinnias weight planted in PL40 and commercial
media for the day 90 . Yates and Rogers (1981) reported that plants grown in 180-day
composted HB amended with inorganic nitrogen had less dry weight than plants grown in
commercial media. Figure 17 shows the difference in size, color of leaves, and number of
flowers and buds of plants grown in unamended treatments (C) and treatments amended
with 40 % poultry litter (PL40). Also, the difference in appearance of zinnias planted in
treatments amended with 330 and 660 gram ammonium nitrate compared to treatment
PL40 is shown in Figure 18.

45

Table 5

Zinnias visual grading, number of flowers and buds, Ave. of length per
plant, and ave. of dry weight per plant grown on day 90 compost samples.

Ave. Grading per Number of Flower Ave. Dry Weight Ave. Length per
per Plant (g)
Plant (cm)
and Bud
Treatments
27.94
C
5
2
1.44
PL25
6.16
2
1.7
33.02
PL40
9
18
4.8
58.2
AMN1
5.88
2
1.45
29.97
AMN2
6.55
11
1.65
33.02
Commercial
9.2
18
5.3
60.4
Note for number of plants: Each treatment was replicated three times and for greenhouse
six pots were planted for each replication which means 18 plants per treatments.
Treatments

Figure 16

Zinnia’s dry weight per plant planted in day 90 composted treatments.

Columns with different letters indicate a significant difference in zinnia’s dry weight at
the P=0.05 probability level.
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Figure 17

Zinnias planted in control treatments which was hardwood bark only (C)
Vs. 40 % poultry litter Treatment (PL40).

Figure 18

Zinnia planted on PL40 vs. AMN1and AMN2 treatments.

Figure 10A Zinnias planted in 40 % poultry treatment on left side. Figure 10B Zinnias
planted in treatments amended with 1% and 2% percent ammonium nitrate on right side.
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Results of Gardenia
Results of dried above ground tissue mass weight of gardenias are summarized in
Figure 19. Plants grown in treatments amended with 40 % (PL40) showed significantly
higher weight than unamended treatments (C). Unlike zinnias, gardenias showed
comparable results in vigor to PL40 and commercial media for treatments amended with
330 and 660 gram ammonium nitrate. This was not surprising since gardenias favor low
pH and the ammonia amended compost had a lower pH than other treatments
(MacCubbin & Tasker, 2002). The average lengths of gardenias per plants in centimeter
are detailed in Figure 20. The lengths of plants on PL40 were exactly the same as
commercial media plants and were significantly higher than the C treatment. Figure 21
shows the plants in C and PL40 treatments, while Figure 22 shows the differences in
appearance and size between gardenias planted on commercial media, C, and PL40.
Overall results for gardenias showed that 90-day composted hardwood bark amended
with 40 % poultry litter was comparable with commercial media.
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Figure 19

Gardenia’s ave. dry weight in gram per plants on 90-days composted
treatments.

Different letters indicate significant difference in gardenia’s dry weight per plant in
treatments at the P=0.05 level of significance.

Figure 20

Gardenia’s average length in centimeter per plant planted on compost
collected from day 90.

Different letters above columns indicate significant difference between treatments in
gardenia’s length.
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Figure 21

An example of difference in appearance of Gardenias planted in C on right
and PL40 on left.

Figure 22

Gardenias planted in treatments from left to right commercial media, C,
and PL40.

50

CHAPTER V
CONCLUSIONS

This study attempted to create compost in 90 days from hardwood bark amended
with poultry litter to reduce, reuse, and recycle these waste materials produced by forest
products and poultry industries into a value added product. Hardwood bark plus 40 %
poultry litter compost provided the best results in weight reduction, compost maturity
test, and green house studies. For the most part ammonium nitrate composts were
significantly inferior to the PL treatments. Based on the results of this study, composted
hardwood bark mixed with poultry litter could produce a container media within three
months that can compete with current commercial media.
Although the amount of nitrogen in AMN2 treatments was calculated to be as
much as PL40 treatments, the results were thoroughly different. Adding poultry litter as
nitrogen source to hardwood bark increased the rate of decomposition and reduced the
bulk of compost. Moreover, PL helped the composted materials to have more uniform
and soft texture than other treatments. However, with the exception of PL40, no relative
significant differences were observed between the toxicity of the treatments. The
composted material can be used as soil on a small scale or as a soil additive on a large
scale for growing ornamental plants.
Since many wood industries and poultry industries located in southeastern United
States and Mississippi are generating huge amount of wastes annually, composting could
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be the best solution to reduce these organic waste materials. This study has shown that
composting is a practical approach to deal with HB and PL to make a valuable product in
a relatively short period of time and reduce the disposal cost of HB and PL separately.
The finished compost could be very popular among nurseries and farmers due to its
organic characteristics, low cost and comparability to commercial media. Also, it can be
very important to the poultry and forest product industries, environmentalists, and the
public because of its lower adverse effects on the environment and being an inexpensive
disposal for industries.
Generally, this study produced suitable compost with proper C: N ratio and pH in
half of the time needed for regular composting (accelerate composting in 90 day). The
overall conclusions are as follows:


Creating an environmentally friendly horticultural substrate from HB &
PL, the two most important problem by-products in Mississippi



Increasing the value of these waste materials.



The finished compost can be used as potting media for ornamental and
bushy plants.



Also, the finished compost will be comparable but much cheaper than
current commercial potting media.
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