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Abstract

Peat moss and perlite are the core components found in soilless greenhouse substrates
today and are thus in high demand commercially. Due to both environmental and economic
concerns associated with peat harvest and production, and the health and economic concerns
accompanying perlite, there has been an increase in research efforts concerning alternatives. A
majority of the viable alternatives available to growers are wood based substrates. Many of these
substrates are readily available and could be considered more sustainable, depending on
geographic location. Recently, eastern red cedar (Juniperus virginiana) has been considered as a
potential alternative. The cedar used in these experiments was obtained from CedarSafe, an
exporter of cedar oil for the perfume industry and closet lining. Eastern Red Cedar logs
(Juniperus virginiana L.) arrive at the facility and are debarked. The logs are then shaved and the
shavings are sent through a hammer mill to pass a 1.27 cm screen (0.5 in). The milled cedar is
then conveyed to a set of boilers where it undergoes a steam distillation process. This process
extracts a percentage of the oil from the milled particles. The oil is then sequestered and sold to
varying business markets. CedarSafe is left with this post-distilled cedar biomass that has no
marketable value. However, our research aims to determine if post-distilled cedar can be used in
proportional combination with peat moss in order to produce a successful greenhouse substrate.

The objective of our first experiment was to incorporate post-distilled cedar, in varying
volumetric concentrations, as a substrate component and compare it to a grower’s standard peat-

lite mix. There were six treatments implemented: 100% peat-lite (PL), 20:80 cedar (C):PL, 40:60
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C:PL, 60:40 C:PL, 80:20 C:PL, and 100% C. From our collected data we observed that
substrates containing up to 40% cedar had equal if not better growth for petunias (Petunia
xhybrida ‘Celebrity Blue’) and impatiens (Impatiens walleriana ‘Extreme Violet’) than the
standard peat-lite mix. Therefore, growers could amend their substrates with up to 40% cedar
and see little to no change in marketable plant growth.

In a second experiment, post-distilled eastern red cedar was compared to a pre-distilled
eastern red cedar substrate. Pre (C) and post-distilled cedar (DC) were mixed, in volumetric
combination, with an industry standard peat moss (PM). The six treatments formulated in this
experiment included: 60:40 C:PM, 40:60 C:PM, 20:80 C:PM, 60:40 DC:PM, 40:60 DC:PM, and
20:80 DC:PM. The substrates were planted with either petunia (Petunia xhybrida ‘Dreams
Burgundy’) or vinca (Catharanthus roseus ‘Cooler Rose’) placed in a greenhouse and watered as
needed until termination. Data taken after termination indicated that DC substrates performed
equal to, if not better than, C substrates. This could be due, in part, to the distillation process that
our cedar biomass undergoes. The act of removing a percentage of the cedar’s oil, and the high
heat involved, may positively affect DC substrate characteristics and result in superior plant
growth. This cedar could potentially be a viable alternative for the horticulture industry and
replace portions of PM and perlite in the production of greenhouse annuals.

The objective of our final study was to mimic the beneficial characteristics of perlite in
substrates by adding distilled cedar and rice hulls to peat moss and comparing them to peat-lite
mixes of concordant percentages. Treatments were amended at 10%, 20%, and 30% for each
component. The species used included petunia (Petunia xhybrida ‘Dreams Sky Blue’) and
marigold (Tagetes erecta ‘Antigua Yellow’). Petunia results indicated that PL treatments

performed marginally better than substrates containing DC and RH in one of the two
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experiments. However, for marigold, no difference was observed between treatments in almost
all growth parameters for both experiments. The data indicated that growers could substitute DC

or RH for P and yield viable annual crops.
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I. Literature Review

Introduction

Floriculture crops are an integral part of the American economy. The total floriculture
crop value at wholesale for the United States was $4.08 billion in 2011 (USDA 2012). The
majority of ornamental crops in the United States are grown in greenhouses using containerized
production. Containerized production is highly efficient and provides uniform growth for
marketable plants. The substrate in which the aforementioned crops are grown in can be
regarded as the key component in the production process. Container substrates need to possess
certain qualities in order to successfully yield a profitable and uniform crop. These qualities
include, but are not limited to: the ability to retain water; sequester nutrients essential to plant
growth; and allow for the flow of oxygen and drainage of water. Originally, container substrates
were composed of topsoil; however, it became gradually more difficult to obtain topsoil. Also,
the characteristics of topsoil, such as, nutrient content, weed seed presence, and drainage were
difficult to predict. Without proper sterilization a grower could not always expect a profitable
crop. Therefore, in the early 1960s researchers at Cornell introduced soilless substrates. These
substrates were known as the Cornell peat-lite mixes and were most often composed of
sphagnum peat moss and vermiculite or perlite. The combination of these materials offered
growers the advantage of having readily available soil that could produce a uniform crop season

to season (Boodley and Sheldrake 1977).



Peat moss (PM) and perlite (P) are still the key components in soilless greenhouse
substrates today. The reason for the long reign of PM and P can be attributed to their superior
properties in production of highly marketable plants. Peat moss is harvested from bogs around
the world and shipped to growers. The ability of PM to hold large quantities of water, provide
volumes of air, and store plant nutrients in a easily accessible form all attribute to its desirability
among growers. The low pH of PM can be used to formulate a variety of growing media options.
Also, PM is known to have little to no existence of weed seed and pathogens and PM can be
stored indefinitely until needed (Robertson 1993). Perlite is a naturally occurring volcanic glass
or amorphous aluminum silicate that expands when heated to 800 - 1100° C. Once expanded it
becomes processed P, with characteristics that include a low density, high surface area, and a low
thermal conductivity (Polatli et al., 2001). It lends air-filled porosity to substrates; an important
physical property that growers desire in greenhouse mixes. This porosity allows for gas exchange
and drainage to occur between the roots of the plant and the atmosphere outside (Bunt 1988).

In recent years, PM and P have become increasingly scarce resulting in a higher demand
among growers. This demand has brought to light the expense associated with production and
shipping of these soilless substrate components. In September 2011, the Canadian Sphagnum
Peat Moss Association (CSPMA) issued a press release stating that the harvest season for PM in
Canada had effectively come to an end due to unfavorable weather conditions. As a result only
15% to 30% of the targeted peat bogs in Eastern Canada were harvested. The hardest hit areas
were Quebec and New Brunswick, which account for 60% to 70% of all Canada’s peat
production. Therefore, it was evident that the industry was facing one of its poorest peat harvest
seasons to date. Another concern, concurrent with these issues, has long been voiced in regards

to the ability of peat bogs to regenerate (about 2 mm per year) at a speed matching that of



harvesting rates. Peat-lands cover over 400 million ha of land area around the world (Robertson
1993). Extraction of PM requires the clearance of all surface vegetation and site drainage. These
methods are thought to result in irreversible damage to the ecosystem (Alexander et al., 2008). In
spring 1990, the European Peat Campaign Consortium launched the Peat Campaign. Their
thoughts being: “Society cannot continue to outstrip the capacity of natural resources to renew
themselves.” They believe that society is driven primarily by economic obligations and that they
had been exploiting natural resources, such as PM, for profit. One of the chief objectives of the
campaign was to develop and introduce environmentally and economically sustainable
alternatives to PM (Barkham 1993). Researchers are pursuing PM replacement both nationally
and internationally. This replacement is being carried out through progressive PM reduction
using alternative materials such as timber by-products (Alexander et al., 2008). In recent years, a
significant amount of resources have been invested in the testing of PM alternatives, and a large
number of alternatives have been evaluated. Successful examples of alternatives include coir,
composts, wood fiber products, and bark and composted bark. Examples of these components
include the research initiatives on coir, Pine Chips, Pine Tree Substrate, Clean Chip Residual,
WholeTree and eastern red cedar.

Expanded P has long been used as an amendment due to its ability to add air space (AS) to
container substrates without adding to the bulk density (BD) or affecting substrate pH and
electrical conductivity (EC). Although P and similar products have been considered beneficial
for plant growth, research has long identified characteristics of P that could be potentially
harmful to those who come in contact with it. Perlite dust is a nuisance, causing lung and eye
irritation in cases involving over-exposure. Polatli et al. (2001) investigated workers pulmonary

function when tested in conjunction with P exposure. A chest radiogram was conducted on 36



perlite-exposed workers and 22 non-exposed workers. The workers indicated a significant
obstruction to airflow in small airways (Polatli et al., 2001). Another study was conducted after
an accidental P spill in Taiwan exposed 24 workers to extremely high amounts of P dust. They
were followed for more than six months and it was discovered that three workers developed
persisted respiratory symptoms and tested positive for reactive airway dysfunction syndrome (Du
et al., 2010). Due to these issues and concerns, researchers have been interested in finding
replacement substrate options for P. Recent research has focused on identifying and evaluating
potential P alternatives for use in the greenhouse production of annual crops. Numerous types of
P alternatives have been tested. A few of those alternatives include: cedar, rice hulls, corncob,
and polystyrene beads.
Alternative Substrate Components
Coir

Arenas et al. (2002) conducted a study comparing sixteen substrate mixes prepared with a
combination of PM, coir, vermiculite, or P. Treatments were evaluated in order to establish the
optimum growing media for tomato (Lycopersicon esculentum Mill.) transplants. In summer the
highest root dry weight (RDW), stem diameter, and leaf area were reported for ranges of 50% to
75%:25% to 50% PM:vermiculite. In winter, the greatest results were attained in eight different
substrates. Coir at 50% was the highest amount incorporated into a substrate that attained
positive results. Transplants grown with more than 50% coir exhibited reduced plant growth
when compared to peat-grown transplants. Fruit yields appeared to be unaffected by transplant
substrate (Arenas et al., 2002).

Guerin et al. (2001) assessed the growth of Laurustinus viburnum (Viburnum tinus L.) an

ornamental shrub in PM alternative substrates. Plants were grown in a number of different



substrates in two varying climates. Six different substrates were tested within these two climates.
A mixture (1:1) of PM:pine bark (PB) compost was used in both climates as a control.
Containers, measuring 4 L (1.06 gal), were planted with six plants and watered by drip irrigation.
Data was collected at varying intervals throughout the experiment. Data collected included: plant
height, dry mass, and leaf area. In both climates, substrates performed the same whether height,
dry mass or leaf area were considered. The experiment indicated that substrate performance
varies with the application of PM; therefore, alternative substrates can produce equal if not better
quality plants when compared to those using PM (Guerin et al., 2001).
Cotton Gin Compost

Jackson et al. (2005), compared cotton gin compost (CGC) as a substrate to an industry
standard PB blend. Shoot and root growth in four substrate blends containing, by volume, 6:1
PB:sand (S), 4.5:1.5:1 PB:CGC:S, 1:1 PB:CGC, or 1.5:4.5:1 PB:CGC:S were evaluated using
boxwood (Buxus microphylla Sieb. & Zucc. ‘Winter Gem’), dwarf nandina (Nandina domestica
Thunb. ‘Firepower’) and azalea (Rhododendron indicum L. & Sweet ‘Midnight Flare’). Plants
were grown for nine months on a container pad in Auburn, AL. The study was repeated, but
‘Renee Mitchell’ azalea was used as a replacement for ‘Midnight Flare’ azalea. In addition to
growth measurements, substrates were analyzed to determine physical and chemical properties.
In both experiments, growth indices (GI) of all cultivars in substrates containing CGC were
similar to or greater than those of the control blend (Jackson et al., 2005).

Cole et al. (2005) evaluated azalea (Rhododendron indicum L. ‘Formosa’) in CGC at
varying percentages to grow. The four blends included: 100% PB (by volume), 1:1 PB:CGC, 3:1
PB:CGC, and 3:1 PB:PM (PT). Each of these treatments was watered at three different irrigation

levels [600, 1200, and 1800 mL-d™" (20.3, 40.6, and 60.9 fl 0z-d)] in a polyethylene-covered



greenhouse. The azaleas were grown for 4 months in 7.6 L (2.0 gal) containers and evaluated
biweekly using a growth index. Roots were assessed at the end of the study using a 0 (no root
growth) to 5 (root bound) scale (RR). Leachates were collected every 30 days and substrate
physical properties were evaluated for each treatment. No difference was found in plant growth
across irrigation and substrate treatments. Visual RR was greatest (4.5) for azaleas grown in 3:1
PB:PT. The two PB:CGC blends had greater water holding capacity (WHC) when compared to
100% PB. The substrate containing 1:1 PB:CGC had the greatest WHC among all four
substrates. With an increase in irrigation volume there tended to be an increase in pH and a
decrease in EC (Cole et al., 2005).
Pine Chips / Pine Tree Substrate

Wright and Browder (2005) compared ground Pinus taeda L. logs (including bark)[pine
chips (PC)] to ground PB as a potential container substrate for Japanese holly (/lex crenata
Thunb. ‘Chesapeake’), azalea (Rhododendron obtusum Planch. ‘Karen’) and marigold (7agetes
erecta Big.‘Inca Gold’). Substrate treatments were 100% PC, 100% PB and 75:25 PC:PB (v:v).
Plant dry weights were higher for marigold grown in 100% PB compared to 100% PC, but not
different from plants grown in 75:25 PC:PB. Plant dry weights of azalea were higher in 100%
PB. There was no difference in shoot dry weight (SDW) for Japanese holly between the three
substrates. Plant RDW was highest for 75:25 PC:PB. Percent AS for PC was higher than the PB
substrate, but there was no difference between the three substrates for container capacity (CC)
and available water. Substrate EC was lower for PC than PB; this could be due to the larger
particle size of the PC when compared to PB. These factors could account for the cases where

larger plants developed with the PB substrate. It can be concluded, from the data taken, that PC



offer potential as a container substrate for greenhouse and nursery crops (Wright and Browder
2005).

Wright et al. (2006) compared pine wood chips (PC) to PB for use as a container
substrate for the production of a wide range of woody species. The PC substrate was prepared by
grinding coarsely ground debarked pine logs (Pinus taeda L.) in a hammer mill to pass a 0.64 cm
(0.25 in) screen. Two different substrates were evaluated throughout the study. Plant SDW of 13
of 18 species in the April planting was not different between PB and PC. Plant SDW for 6 of 10
species in the May planting was higher in PB compared to PC. Reduced growth in some plants
could be attributed to lower nutrient availability in substrates containing PC. Results indicate
that, with adjustments to fertility, PC can be a suitable substrate for container production of
woody ornamental plants (Wright et al., 2006).

A 100% pine chip (PC) substrate could also be a suitable container substrate. However, it
would be advantageous to adjust particle size in order to manipulate the physical properties of
the substrate to support plant nutrient and water requirements. The particle size of a 100% PC
substrate affects physical properties of the substrate such as AS and CC. In conclusion, a suitable
container media could be achieved by using PC substrates that have adequate particle sizes
concordant with the favorable characteristics needed to produce greenhouse crops (Saunders et
al., 2006).

Wright et al. (2008) performed additional experiments assessing the characteristics of
pine tree substrate (PTS) as an alternative substrate. The PTS was produced by further grinding
coarse loblolly pine chips (including bark) (Pinus taeda L.) routinely produced for the paper
industry to pass through a hammer mill fitted with 0.48 cm (0.19 in) screen. The objective of

these experiments was to compare the fertilizer requirements for growth of chrysanthemum



(Chrysanthemum *xgrandiflorum Ramat. Kitam.Baton Rouge’) in PTS or a commercial peat-lite
(PL) substrate. The PL substrate was composed of 45% PM, 15% P, 15% vermiculite, and 25%
bark. Plants were grown in a greenhouse and fertilized with varying rates of a 20N—4.4P-16.6K-
soluble fertilizer ranging from 50 to 400 mg-L™" nitrogen (N) with each irrigation. In both
studies, about 100 mg-L ™' N more fertilizer was required for PTS than PL to obtain similar
growth. Substrate EC values were higher for PL substrates than PTS substrates. This is most
likely due to differentiations in particle size between the two substrates. This demonstrates that
PTS can be used to grow a traditional greenhouse crop if attention is given to fertilizer
requirements (Wright et al., 2008).

Pine tree substrate (PTS) is produced from freshly harvested loblolly pine trees (Pinus
taeda L.) that are delimbed, chipped, and ground in a hammer mill to a desired particle size.
Loblolly pine is an abundant and fast growing native tree species to the southeastern United
States. Research has been conducted on PTS in order to determine physical properties, adequate
plant growth and fertility management, decomposition rates, and post-transplant performance of
plants grown in PTS. Recent research initiatives have indicated that PTS can be manufactured in
order to supplement exemplary growth of plants within a wide range of horticultural crops.
Studies concerning fertility of plants grown in PTS indicate that additional fertilizer is often
required to produce a marketable plant. However, growth can be achieved similar to that in
traditional PM and PB substrates if sufficient fertility requirements are met. Another quality that
can be attributed to PTS is that fact that little to no shrinkage or substrate decomposition is
observed, including nursery studies performed over an extended period of time. It can thus be

concluded that PTS can be utilized as a reliable, consistent, renewable, and economic alternative



to traditional substrates for both nursery and greenhouse crop production (Jackson and Wright
2009a).

Jackson et al. (2008) grew poinsettias (Euphorbia pulcherrima Willd. Ex Klotzsch
‘Prestige’) at different fertilizer rates in three PTS treatments. Substrates used in the study
included peat-lite (PL), PTS (including bark) produced with a 0.24 ¢cm (0.09 in) screen (PTS1),
PTS produced with a 0.48 cm (0.19 in) screen (PTS2), and PTS produced with a 0.48 cm (0.19
in) screen and amended with 25% PM (v:v) (PTS3). Poinsettias were fertilized at irrigation with
100, 200, 300, or 400 mg-L " nitrogen (N). Plant SDW and GI were higher in PL at 100 mg-L"'
N, but similar for all substrates at 300 mg-L™' N. Bract length was generally the same or longer
in all PTS-grown plants when compared to standard substrates. Initial and final AS was higher in
all PTSs compared with PL and CC of PTS1 was equal to PL initially and at the end of the
experiment. The initial and final CC of PTS2 was lower than PL. The incorporation of 25% PM
(PTS3) increased SDW and bract length at lower fertilizer rates compared with 0.48 cm (0.19 in)
PTS alone (PTS2). This study demonstrated that poinsettia could be successfully grown in a PTS
with small particles (0.24 cm screen) or a PTS with large particles (0.48 cm screen) when
amended with 25% PM (Jackson et al., 2008).

Jackson et al. (2009) compared substrate solution nitrogen (N) availability, N
immobilization, and nutrient leaching in a pine tree substrate (PTS), peat-lite (PL), and aged PB
in greenhouse conditions. Substrates used in this study were PTS (including bark) ground
through a 0.24 cm (0.09 in) hammer mill screen, PL, and aged PB. A short-term N
immobilization study was conducted and a second medium-term study was also conducted to
evaluate the amount of N immobilized in each substrate when fertilized with 100, 200, 300, or

400 mg-L ™" N. Also, substrate carbon dioxide (CO?) efflux (mmol CO*m *s™') was measured as



an assessment of microbial activity. A leaching study on all three substrates was also conducted
to determine the amount of nitrate nitrogen (NO’-N), phosphorus, and potassium leached over 14
weeks under greenhouse conditions. Nitrogen immobilization was highest in PTS followed by
PB and PL in both the short- and medium-term studies. Nitrogen immobilization increased as
fertilizer rate increased from 100 mg-L™' N to 200 mg-L™' N in PL and from 100 mg-L™" N to 300
mg-L ™' N for PB and PTS. Nitrogen immobilization was generally highest in all substrates 2
weeks after potting. Substrate CO? efflux levels were highest in PTS followed by PB and PL at
each measurement. Nitrate leaching over 14 weeks was lower in PTS than in PB or PL. This
work indicates increased microbial activity and N immobilization can be observed in PTS
compared with PB and PL. Increased N immobilization in PTS explains the lower nutrient levels
observed in PTS. Also, these results further justify the additional fertilizer required for
comparable plant growth to PL and PB (Jackson et al., 2009b).

Further work by Jackson et al. (2009¢) evaluated the effect of limestone additions to pine
tree substrate (including bark) (PTS) and PTS amended with PM on pH and growth of marigold
(T. erecta Big. ‘Inca Gold’) and geranium (Pelargonium xhortorum L.H. Bailey ‘Rocky
Mountain White’). Three PTS treatments (v:v): 100% PTS, 75:25 PTS:PM, and 50:50 PTS:PM
were compared to a PM:P (4:1 v:v; PL) control. Each substrate was amended with various rates
of dolomitic limestone. Irrespective of limestone rate, pH was highest in 100% PTS and
decreased with the addition of PM. Therefore, the PL control had the lowest pH. As percent PM
increased from 25% to 50%, more limestone was required to adjust pH to a specific level. This
indicated that PTS is more weakly buffered against pH change than PM. Additions of limestone
increased growth of marigold when grown in PTS containing PM or in the PL control. Geranium

growth was higher in PTS containing PM (25% or 50%) and PL than in 100% PTS at all
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limestone rates. This research establishes that PTS has a naturally higher pH than PL, and the
additions of PM to PTS require pH adjustment of the substrate for optimal plant growth (Jackson
et al., 2009¢).

Clean Chip Residual

Clean Chip Residual (CCR), a by-product of thinning pine plantations, is composed of
about 50% wood, 40% bark and 10% needles. Two CCR particle sizes were used alone or in
combination with PM (PM) (4:1 by vol) and compared to control treatments PB and PB:PM.
Substrates composed of 100% PB or 100% CCR had high AS and low WHC which resulted in
less available water to plants. There were no differences in GI at Poplarville for six of eight
species and for three of seven species at Auburn. The remaining four species at Auburn were
only slightly smaller when grown in 100% CCR. Plant SDW was greatest in substrates
containing PM. Results indicated that the rate of fertilizer evaluated in this experiment was
sufficient to provide nutrients for plants grown in PB/PM blends, but plants grown in 100% CCR
may require additional fertilizer to increase SDW. Adequate growth of perennial plants was
achieved in substrates composed of CCR, especially with the addition of adequate percentages of
PM (Boyer et al., 2008a).

Boyer et al. (2008b) also evaluated CCR as an alternative substrate component for the
production of annual bedding plants. Two CCR particle sizes of 1.27 cm (0.5 in) and 1.91 cm
(0.75 in) were used alone or in combination with 10% (9:1) or 20% (4:1) PM (by volume). These
substrates were compared with control treatments of PB and PB blends (10% and 20% PM).
Three annual species used in this experiment included: ageratum (Ageratum houstonianum Mill.
‘Blue Hawaii’), salvia (Salvia xsuperba Stapf. ‘Vista Purple’) and impatiens (Impatiens

walleriana Hook. f. ‘Coral’ or ‘White’). There were no differences observed in GI or SDW of
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ageratum. The largest salvia was in PB:PM and the largest impatiens were in PB-based
substrates at Auburn. The GI of ageratum at Poplarville was similar among treatments. However,
plants grown in 4:1 1.27 cm CCR: PM were the largest. Salvia was largest in 4:1 CCR:PM and
PB:PM, and although there were no differences in GI for impatiens at Poplarville, the greatest
SDW occurred with PB:PM. At termination, two of the three annual species tested had similar
growth when compared with standard PB substrates at both locations. This study demonstrates
that CCR can be considered a viable greenhouse alternative substrate in the production of
ageratum, salvia, and impatiens (Boyer et. al, 2008b).
WholeTree

WholeTree (WT) is a biomass derived from processed whole pine trees (aboveground
portions). Fain et al. (2008a) evaluated the potential for WT as a container substrate. Three
species [loblolly pine (Pinus taeda L.), slash pine (Pinus elliottii Englem.), and longleaf pine
(Pinus palustris Mill.)] of 8- 10-year-old pine trees were harvested at ground level and the entire
tree was chipped with a tree chipper. Chips from each tree species were processed with a
hammer mill to pass through a 0.95 cm (0.37 in) screen. Containers were filled with substrates
and planted with a single liner of annual vinca (Catharanthus roseus L. ‘Little Blanche’). At 54
days after potting (DAP), SDW was 15% greater for plants grown in 100% PB substrate
compared with plants grown in the three WT substrates. However, there were no differences in
plant GI for any substrates at 54 DAP. Plant tissue macronutrient content was similar among all
substrates. Root growth was similar among all treatments. Based on these results, WT substrates
derived from loblolly pine, slash pine, or longleaf pine have potential as an alternative,
sustainable source for producing short-term horticultural crops (Fain et al., 2008a).

Fain et al. (2008b) assessed varying WT particle sizes in the production of greenhouse
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annuals. The WT was processed to pass 0.48 (0.19 in), 0.64 (0.25 in) or 0.95 cm (0.37 in) screen.
The resulting three WT substrates were used alone or mixed with 20% or 50% (by volume) PM
and compared to an industry standard mix of 8:1:1 (by volume) PM:vermiculite:P (peat-lite). The
study evaluated the production of marigold (7. patula L. ‘Little Hero Yellow’) and petunia
(Petunia xhybrida Vilm. ‘Dreams Pink’) in these substrates. At 34 days after potting (DAP)
there were no differences in BC for marigold. Petunias grown in the peat-lite substrate had more
than double the BC than observed on plants grown in other substrates. At 28 DAP, petunias
grown in any 100% WT or 4:1 WT:PM substrate were smaller than plants in any 4:1 WT:PM or
the peat-lite substrate. At 28 DAP petunias grown in peat-lite substrates were also larger than
those grown in any 4:1 WT:PM substrate; however, all plants were considered marketable.
Petunia tissue N concentrations were all below the sufficiency range and it is possible a nitrogen
sink in the WT substrates could explain some of the differences in final growth. The much higher
than recommended pH for all substrates containing WT most likely contributed to the lack of
performance petunia exhibited in these substrates when compared to the peat-lite substrate.
Results of this experiment indicated that WT substrates are a potential alternative to conventional
greenhouse substrates especially when combined with PM. However, further research concerning
nutrient deficiencies needed to be conducted in order to ensure optimal plant growth (Fain et al.,
2008b).

Fain et al. (2008c) evaluated a WT substrate with starter fertilizer in the production of
greenhouse-grown petunia (P. xhybrida Vilm. ‘Dreams Purple’) and marigold (7. patula L.
‘Hero Spry’). Loblolly pines (Pinus taeda L.) were harvested at ground level, chipped, and
processed through a hammer mill to pass a 0.64 cm (0.25 in) screen. The resulting WT substrate

was used alone or combination with 20% or 50% (by volume) PM and compared with an
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industry standard peat-lite (PL) mix of 8:1:1 PM:vermiculite:P (by volume). A 7N-1.3P-8.3K
starter fertilizer (SF) was added to each substrate at 0.0, 1.19, 2.37, or 3.56 kg-m‘3 (0.0, 2.62,
5.23, or 7.85 Ib-yd™). Percent CC was greatest for PL substrates and decreased as the percentage
of PM in the substrate decreased. Subsequently, WT had 35% less CC than PL. Percent AS was
greatest for the WT substrates and decreased as the percentage of WT decreased. Consequently,
PL substrates possessed 33% less AS than WT. In general, petunia dry weight was greatest for
any substrate containing PM with a SF rate of 2.37 kg'm™ (5.23 1b-yd™) or greater. The
exception was that petunia grown in WT at 3.56 kg'm > (7.85 1b-yd™) SF had similar SDW when
compared to all other treatments. Marigold SDW was similar for all substrates where at least
2.37 kg'm™ (5.23 Ib-yd™) SF was used. Results from this study indicate that, with the addition of
a sufficient starter nutrient charge, WT is an adequate substrate component and could potentially
replace the majority of PM in the production of petunia and marigold. Furthermore, the wide
range of particle sizes achieved from the production of WT substrate provided needed structure
and could eliminate the necessity for expensive aggregates such as P. The most promising aspect
of WT is the possibility of an economically sustainable greenhouse substrate, which could be
accessible in close proximity to horticulture production areas throughout the southeast (Fain et
al., 2008c).

Gaches et al. (2010) conducted two experiments to compare WT and chipped pine logs to an
industry standard PM in the production of either impatiens (/mpatiens walleriana Hook.f.) or
vinca (Catharanthus roseus L.). Treatments were composed of 1:1 WT:PM or chipped pine
logs:PM. Results indicated that GI, RR, and bloom count (BC) were all similar for both species.
Chipped pine lo