
ABSTRACT 

RILEY, ELIZABETH DENISE. Cotton Stalks and Cotton Gin Trash, Renewable Alternative 

Substrates for the Nursery Industry. (Under the direction of Helen T. Kraus and Ted E. 

Bilderback). 

 

Cotton stalks and cotton gin trash were collected and used as amendments to pine bark and 

pine tree substrates as alternatives to traditional pine bark substrates. Fresh cotton stalks (CS) 

were collected after cotton harvest using a silage cutter and placed into two separate piles 

placed on concrete slabs. One pile of CS had a nitrogen (N) source added (Daddy Pete’s 

Plant Pleaser 0.5-0.5-0.5, Stony Point, NC) (CSN) at a 5:1 ratio (v/v) (CS:N). Substrates 

were arranged in factorial treatment combinations of the substrate bases: pine bark (PB) and 

whole pine tree (PT) and amendments [CS, CSN, and cotton gin trash (CGT)] resulting in a 

total of six substrates: 4:1 PB : CS (PB:CS), 4:1 PB : CSN (PB:CSN), 9:1PB : CGT 

(PB:CGT), 1:1 PT : CS (PT:CS), 1:1 PT : CSN (PT:CSN), and 4:1 PT : CGT (PT:CGT) 

arranged in a RCBD with eight replications. Rhododendron obtusum (Lindl.) Planch. 

‘Sunglow’ (azalea) and Juniperus conferta Parl. ‘Blue Pacific’ (juniper) were potted on May 

7
th

, 2010 and repeated on May 26, 2011 into 3-quart (2.8-L) black plastic containers. Plants 

in all treatment combinations of substrates were grown with two different irrigation/ground 

surface conditions - overhead, sprinkler irrigation with black weed fabric covering the 

ground (OH) or low volume, spray stake irrigation with gravel covering the ground (LV).  In 

2010 all the PB based substrates produced significantly larger azalea shoots with OH than the 

PT based substrates, but this was not the case in 2011. In 2011, with OH azalea shoot growth 

was similar in all substrates except for PT:CS which was smaller. With LV in 2010 and 2011, 

azalea shoot growth was largest when grown in a PB based substrate amended with CSN or 

CGT. The lowest shoot growth was produced when either PB based or PT based substrates 



were amended with CS and irrigated with LV in both 2010 and 2011. With OH, junipers 

produced generally larger shoot growth with the PB based substrates in both 2010 and 2011 

with the exception of PT:CSN in 2011. In 2010 juniper shoot growth with LV was greatest 

with PB:CGT and smallest with PT:CGT. In 2010 there were no significant differences 

amongst substrates for juniper root growth with OH, but in 2011 root growth was greatest 

with PB:CS while the remaining substrates were not significantly different, the exception 

being with 100% PB where roots were smallest. With LV in 2010 juniper root growth was 

largest with PB:CGT and 100% PB control while in 2011 PB:CSN produced the largest root 

system. In both years PT:CGT produced the smallest juniper root growth with LV along with 

PB:CSN in 2010. All of the substrates were also inoculated with Phytophthora root rot for 

both years with the same species with an addition of ‘Hino’ azalea. Generally ‘Sunglow’ 

azalea and juniper showed no significant differences among the substrates for foliar and root 

rot ratings for both years. ‘Hino’ azalea did show differences amongst substrates for foliar 

and root rot ratings. Root rot ratings of ‘Hino’ azalea were highest with PT:CSN and it was 

not significantly different from PT:CS, while PT:CGT had the lowest rating in 2010. In 2011, 

root rot rating was highest with PT:CGT and the rest of the substrates were all similar and 

significantly lower. In 2011, ‘Sunglow’ azaleas were potted up into all of the PB based 

substrates and the 100% PB control and grown at a local nursery to evaluate how the 

substrates performed. The shoot dry weights from the nursery trial were not affected by the 

different substrates. 
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INTRODUCTION: 

 Currently in the nursery industry there is concern over increased price and decreased 

supply of pine bark (PB) which is the prominent substrate used for plant production. Due to 

this concern there have been numerous substrate alternatives considered as possible PB 

replacements or amendments to stretch the supply of PB. Alternatives such as cotton gin 

compost (Cole et al., 2005, Jackson et al., 2005a, Jackson et al., 2005b), turkey litter compost 

(Tyler et al., 1993), vermicompost (McGinnis, 2007), eastern red cedar (Murphy et al., 

2011), and pine tree based substrates (Jackson et al., 2008, Jackson, 2009, and Rau et al., 

2006), to name a few, have been evaluated over the past few years. 

 The objectives of this thesis were to 1) evaluate the use of composted cotton stalks 

(CS) and aged cotton gin trash (CGT) as an amendment to PB, 2) further evaluate whole pine 

tree (PT) based substrates, specifically when blended with CS and CGT, 3) quantify the 

physical and chemical properties, as well as plant growth in PB and PT based substrates 

amended with CS and CGT, 5) assess the disease suppression of these composts and, 6) 

define the composting process for CS so that this resource is more available and reproducible 

for the nursery industry.  

Composting has been around for centuries, and now more than ever, people want to 

be more sustainable. So the nursery industry is shifting towards more sustainable products. 

This is where composting cotton stalks comes into play. Cotton stalks are local, readily and 

abundantly available to nurseries located throughout the S.E. United States. But first, 

handling procedures and production practices for CS needed to be developed. First we tried 

using the cotton stalks “fresh” without composting them. Our hope was that the CS could 
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come straight out of the field, after being harvested with a silage cutter to prevent them from 

touching the ground, preventing any possible contamination, and be processed by a hammer 

mill to an appropriate particle size. However, the cotton stalks were too dry and dusty, and 

were unable to fall through the hammer mill to achieve an appropriate particle size. We then 

began working out the composting process for CS.  

Any search performed on composting will turn up the fact that composting has been 

around for a very long time, however there has still been a tremendous amount of research 

done on the processes involved in composting. One of the first requirements for composting 

is to have an available organic resource, one with a carbon (C) to nitrogen (N) ratio (C: N) 

around 25 to 30, 25 to 30 parts C to 1 part N (Campbell, 1998). If the C: N ratio is higher 

than this it can lead to a longer time for decomposition to occur (Campbell, 1998, Poincelot, 

1975 and Raviv, 2008). However, if the C: N ratio is lower than recommended, an activator 

can be mixed in with the compost serving as a nitrogen source to feed the microorganisms 

within the pile thereby increasing the rate of composting (Campbell, 1998). Also, shredding 

of the components; which increases the surface area will help with the invasion of 

microorganisms within the compost pile (Raviv, 2008 and Poincelot, 1975).  

Once an organic source has been found, the C:N ratio has been determined, and the 

source has been shredded it can be placed into a pile. There are certain requirements for 

moisture, aeration, and temperature that must be met to ensure the compost pile reaches 

maturity/stability, develops no detrimental components, and can be utilized as an alternative 

substrate amendment.  
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The moisture content within the pile if too high (>60%) causes the pile to become 

anaerobic and if too low (<40%) the pile will not decompose at the proper speed (Campbell, 

1998). The appropriate moisture content for composting varies depending on what 

components you are attempting to compost. The general suggested range for moisture 

according to Poincelot (1975) is between 50 and 60 percent and according to Campbell 

(1998) it should be between 45 and 50 percent. Campbell explains that if the compost pile 

becomes anaerobic, meaning the oxygen level is severely depleted, due to the moisture 

content being too high, the aerobic microorganisms, which require oxygen, die and the 

anaerobes take over. Anaerobic conditions can cause decomposition to be slowed by as much 

as 90 percent. The moisture content and the aeration of the pile have an inverse relationship. 

If there is  high moisture content there will be low oxygen available which can be detrimental 

to the aerobes, but if there is a high amount of aeration then the moisture content will most 

likely be low which is also detrimental, so the happy medium needs to be met.  

Turning of the pile is required to ensure uniform distribution of moisture and 

decomposing matter. As the pile is turned each time, well-rotted components are being 

blended with fresh components, as well as, wet components with dry components. This can 

help speed up decomposition (Campbell, 1998). However, if a pile is turned too often the 

microorganisms within the pile will not have an opportunity to accomplish much (Campbell, 

1998). Also, each time the pile is turned, some of the microorganisms are killed, slowing 

decomposition slightly (Campbell, 1998). Campbell recommends turning the pile when the 

temperature drops below 37.8C (100F).  
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Decomposing microorganisms require several things; 1) carbon for energy, 2) 

nitrogen for protein to help them break down their carbon food source, 3) oxygen, and 4) 

moisture (Campbell, 1998). As you can see, all of the requirements of a compost pile 

(moisture, aeration, and C:N ratio) are needed to support the growth and development of the 

microorganisms. There are three different types of bacteria that invade a compost pile and 

function at different times depending on the temperature. The first group of bacteria to 

proliferate in the compost pile are the psychrophiles which function in temperatures around 

12.8C (55F) and they are the first to start creating heat. While the heat within the compost 

pile is a by-product from bacterial metabolism and has no effect on the actual breaking down 

of the organic matter; increases in temperature allows different types of microorganisms to 

become active. The next set of bacteria that take action in the pile are called the mesophiles, 

which complete the majority of the decomposition. If the pile does not reach temperatures 

greater than (21.1-32.2C) (70-90F), decomposition is still occurring. The mesophiles can 

generate so much heat that the pile can become too hot for them and the thermophiles will 

take over and can raise the temperature of the pile up to 71.1C (160F). If the thermophiles, do 

not invade the pile the temperatures do not rise high enough to kill disease causing organisms 

and weed seeds. At this 71.1C (160F) stabilization usually occurs (Campbell, 1998). Raviv 

(2008) states, that the terms ‘stability’ and ‘maturity’ are often used interchangeably. 

Maturity refers to the readiness of the compost to support plant growth in a horticulture or 

agriculture production system. However, if the compost is not stable, decomposition will 

continue. If decomposition is still actively taking place after the compost has been 
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incorporated into a growing medium/substrate, reduced levels of oxygen and nitrogen or the 

presence of some phytotoxic compounds will decrease plant growth.  

Numerous other macro- and micro-organisms are also at work in compost piles. 

Another microorganism that is present is fungi, Actinomycetes (Campbell, 1998). The 

Actinomycetes work at medium temperatures, produce a cobweb, grayish growth, and are 

able to decompose the toughest components like cellulose, starches, proteins, and lignin 

(Campbell, 1998). Macroorganisms (earthworms, insects, nematodes, mites, grubs and 

insects) contribute to the integrity of the compost pile by digging, chewing, and digesting 

(Campbell, 1998).  

 Now that the composting process has been described, the different materials that have 

been used in studies for alternative substrate amendments and how they affected plant growth 

will be reviewed. Cotton gin waste has been considered in numerous studies as a substrate 

amendment. In 1990, Wang et al. worked with composted cotton burrs (CCB), in 1993 

Owings looked at composted cotton gin trash (CGT), and in 2005 Cole et al. and Jackson et 

al. examined cotton gin compost (CGC). Wang et al. (1990) found that poinsettias produced 

in the CCB amended substrates were shorter and narrower than poinsettias grown in a 

substrate with equal volumes of peatmoss and PB. Substrates could be amended with up to 

75% of CCB and still produce good quality poinsettias with excellent post-production quality 

(Wang et al., 1990).  In 1993, Owings used CGT for the production of ‘Golden Bedder’ 

coleus. The substrates evaluated included 100% PB, 80% PB with 20% CGT (4:1 PB:CGT), 

60% PB with 40% CGT (3:2 PB:CGT), 40% PB with 60% CGT (2:3 PB:CGT), 20% PB 

with 80% CGT (1:4 PB:CGT), and 100% CGT (Owings, 1993). Coleus that was produced in 
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substrates that contained 20 to 40% (by volume) of composted CGT had an increase in plant 

height at 25 days after planting when compared to the 100% PB or 80 to 100% CGT 

(Owings, 1993). However, when plant height measurements were taken 42 days after 

planting the differences in plant heights were not as affected although coleus produced in 

100% CGT had significantly lower plant heights than coleus produced in all other substrates 

(Owings, 1993). Shoot dry weights were greatest in coleus grown in the 40% CGT with 60% 

PB which was significantly different from plants grown in 20, 60, or 80% CGT amended 

substrates (Owings, 1993). Again, coleus produced in the 100% CGT had the lowest shoot 

dry weights when compared to the plants produced in all other substrates (Owings, 1993). In 

2005, Cole et al. evaluated the use of CGC to produce ‘Formosa’ azaleas in a greenhouse 

using three irrigation levels. The cotton gin waste was composted in windrows. Their 

substrates consisted of 100% PB, 1:1 PB: CGC, 3:1 PB: CGC and 3:1 PB: peat (Cole et al., 

2005). Growth indices of the azaleas were similar among the three irrigation regimes and the 

four substrates and the plant growth in any one substrate generally did not appear visually 

superior to any other during the experiment. Roots were found to have the highest mean 

rating with 3 PB: 1 peat while there were no differences observed between the roots 

produced in 100% PB and 3 PB: 1 CGC (Cole et al., 2005). Production of ‘Formosa’ azalea 

in substrates mixed with CGC was comparable to the growth in a traditional 3 PB: 1 peat 

mix. Jackson et al. (2005a) also used CGC for the production of four different nursery crops: 

‘Winter Gem’ boxwood, ‘Firepower’ dwarf nandina, ‘Midnight Flare’ azalea, and ‘Renee 

Mitchell’ azalea. The cotton gin waste for this study was composted in a windrow for 1 year. 

There were four substrate blends (v/v) evaluated: 6:1 PB: sand (S), 4.5:1.5:1 PB: CGC: S, 1:1 
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PB: CGC, and 1.5:4.5:1 PB: CGC:S . The study was repeated for two years with the 

exception that 1:1:1 PB: CGC: S was used instead of 1:1 PB: CGC and the azalea cultivar 

changed from ‘Midnight Flare’ to ‘Renee Mitchell’. All cultivars showed linear increases in 

growth indices throughout the experiment. At the end of both studies, the growth indices of 

all four cultivars that were produced in CGC blended substrates were equal to or larger than 

the ones produced in the PB: S control (Jackson et al., 2005a). Jackson et al. (2005b) also 

considered the utilization of CGC effect on root growth of three horticultural crops grown in 

a greenhouse. The cotton gin waste for this study was composted in windrows for 6 months 

and had four substrate blends: 100:0 PB: CGC, 60:40 PB: CGC, 40:60 PB: CGC, and 0:100 

PB: CGC with four different plants: ‘Blitz’ tomato, ‘Hot Country’ Lantana, and weeping fig. 

All substrates had a linear increase in root growth production throughout the experiment. 

‘Blitz’ tomato started out having growth in CGC blended substrates similar to or greater than 

those being grown in 100% PB. By the third measurement and throughout the rest of the 

study tomato root growth was similar for all substrates. Weeping fig had more root 

production in the CGC amended substrates than in the 100% PB for all measurement dates. 

The same was true for ‘Hot Country’ lantana which had more root growth in all of the 

treatments containing CGC when compared to the 100% PB. These researchers had results 

that showed root growth was successful in substrates amended with CGC when appropriately 

blended with PB. The same was found by Riley et al., 2012 during a two year study (2010 

and 2011) where juniper root growth had no significant differences when grown with 

overhead irrigation with black ground fabric covering the ground in 2010, but in 2011 juniper 
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root growth was greatest in pine bark: composted cotton stalks and it was not significantly 

different among the rest except for PB which produced the lowest growth. 

 Tyler et al. (1993) evaluated the possibility of using composted turkey litter as an 

amendment to PB at varying ratios of 0, 4, 8, 12, or 16% (by volume) for the production of 

Cotoneaster dammeri ‘Skogholm’ and Hemmerocallis sp. ‘Red Magic’.  Day lily leaf dry 

weight in the compost amended substrates was similar where root dry weight decreased with 

increasing compost rate, with the 4% compost yielding the greatest accumulation of dry 

matter (Tyler et al., 1993). Similar to Tyler et al. (1993), McGinnis in 2007, evaluated the 

utilization of vermicompost (VC) derived from hog manure as an amendment to PB. Five 

substrates were evaluated for this study: PB amended with VC at 0%, 10%, 20%, 40%, and 

60% (by volume) and an 8:1 PB: S (v/v) used as an industry control. Two woody and two 

herbaceous perennial species were grown: Cotoneaster dammeri ‘Stogholm’ (cotoneaster), 

Gardenia jasminoides ‘Chuck Hayes’ (gardenia), Verbena canadensis ‘Purple Homestead’ 

(verbena), and Coreopsis verticillata ‘Moonbeam’ (coreopsis). Cotoneaster root and top dry 

weights increased linearly with increasing VC and top dry weights of cotoneaster produced 

in >20% VC were greater than the ones produced in the PB:S control, while root growth was 

best when grown in 60% VC (McGinnis, 2007). However, root, vegetative top, or flower bud 

dry weights were not affected by VC, while root, vegetative top, and flower bud dry weights 

of verbena grown in 20% VC were greater than those grown in the PB:S control. In contrast 

to these two species, gardenia root and top dry weights and top dry weights of coreopsis 

decreased linearly with increasing VC rate (McGinnis, 2007). Even though there was a 

varied response by species, McGinnis (2007) concluded that 20% VC amended PB compared 
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to the PB:S control resulted in a greater cotoneaster top dry weight, a greater verbena root, 

flower bud, and vegetative top dry weight and resulted in equivalent gardenia top and root 

dry weight, and coreopsis top dry weight. 

 In addition to composts, alternative woods have been evaluated for their use as 

substrates and substrate bases. Murphy et al. (2011) evaluated eastern red cedar (Juniperus 

virginiana L.) as a substrate base. This study consisted of a control of 75:25 (v/v) peat: 

perlite and 75:25 and 50:50 ratios of peat: red cedar (RC) and three bedding plant species: 

‘Dreams Sky Blue’ petunia, ‘Cooler Peppermint’ vinca, and ‘Super Elfin Salmon’ impatiens 

(Murphy et al., 2011). The experiment was repeated twice. Petunia growth indices were 

similar between 75:25 peat: RC and the control for the first experiment. With impatiens, the 

plants grown in 75:25 peat: RC were as large as the plants grown in the control. The results 

for experiment 2 were similar with some exceptions. Petunias grown in 50:50 peat: RC were 

similar in size to the control. Vinca growth in experiment 2 in the control was equaled by 

75:25 peat: RC and 50:50 peat: RC. Petunia plant dry weight was greatest in the control 

substrate than in any other substrate. With vinca in experiment 1 the plants produced in the 

control had the highest dry weights. Petunia root growth rating in all treatments was similar 

to those produced in the control substrates for experiment 1. Vinca in experiment 1 had no 

differences in root growth across any treatment. In experiment 2 all treatments produced 

similar root growth to the control substrate. With impatiens and vinca, all treatments 

containing 25% of RC were observed to have similar root ratings to the control. The results 

of these studies showed that the treatments with RC as an amendment tended to be 

comparable to the traditional control substrate. 
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 Another wood that has been investigated as an alternative substrate is loblolly pine 

(Pinus taeda). In 2006 Rau, et al. evaluated the use of several different species for their use 

as alternative substrates: loblolly pine (Pinus taeda), sycamore (Platanus occidentalis), red 

maple (Acer rubrum), and white oak (Quercus alba). Seedlings of ‘Better Boy’ tomato 

(Lycopersicon esculentum) were produced in each of the substrates in a greenhouse. At the 

end of the study plant growth was the highest in loblolly pine and lowest in the red maple and 

white oak substrates. The amount of polyphenolics was measured and was found to be 

closely correlated with the growth of the plants. Substrates with lower amounts of 

polyphenolics had higher growth, with the exception of sycamore which had the same 

amount of polyphenolics but had lower growth than the loblolly pine substrate. Jackson et al. 

(2008) also evaluated loblolly pine as an alternative substrate (PT) to determine how 

fertilizer rates affected the growth of azalea and holly when compared to PB substrates. The 

substrates were either PB or PT substrates with either azalea or japanese holly growing in 

them on greenhouse benches. The experiment was repeated twice, the first year (2005) only 

evaluated the growth of japanese holly and the second year (2007) included azalea since it 

has lower fertilizer requirements. Both years Osmocote Plus (15N-3.9P-10K) was used as a 

pre-plant fertilizer incorporated into the PB and PT substrates at rates of 3.5, 5.9, 8.3, or 10.6 

kg
.
m

-3 
of N

 
for japanese holly and at the rates of 1.2, 3.5, 5.9 and 8.3 kg

.
m

-3
 of N for azalea. 

In 2005, shoot dry weight of holly was higher for PB than PT substrates at fertilizer rates of 

3.5 and 5.9 kg
.
m

-3
 and dry weight was equal for both substrates at the increased rate of 

fertilizer, 8.3 kg
.
m

-3
. At the rate of 10.6 kg

.
m

-3 
dry weights were higher for PT substrates than 

PB. The dry weights of roots were not influenced by the differing fertilizer rates. However, 
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the root dry weights were higher in PB than PT substrates at the fertilizer rates of 3.5 and 5.9 

kg
.
m

-3
 and were equal in substrates containing rates of 8.3 and 10.6 kg

.
m

-3
. In the second year 

of the study, 2007, japanese holly shoot dry weights were lower in PT substrates than PB at 

the fertilizer rate of 3.5 kg
.
m

-3
 and at the rates of 5.9, 8.3, and 10.6 kg

.
m

-3
 the shoot dry 

weights were similar for both substrates. Root growth in both substrates decreased with 

increasing fertilizer rates and in contrast to the 2005 results, root dry weights were generally 

higher in PT substrates than in PB. Azalea shoot dry weights were higher at the 1.2 and 3.5 

kg
.
m

-3
 with PB than with PT substrates. At the 5.9 and 8.3 kg

.
m

-3
 rates shoot dry weights 

were similar for both substrates. Both azalea and holly had maximum shoot growth occur at 

the same fertilizer rates 3.5 kg
.
m

-3
 for PB and at 5.9 kg

.
m

-3
 for PT substrates in 2007. The 

results found by these researchers shows that there is a higher fertilizer requirement for PT 

substrates when compared to PB (Jackson et al., 2008). In 2009, Jackson describes the 

growth benefits from PT substrates. One of the main aspects of using PT substrates in 

production of ornamentals is the increased root growth that has been found due to the higher 

percentage of air space in PT based substrates. 

 There are many different options for growers in the nursery and the greenhouse 

industries to use as alternative substrates to pine bark and peat. The grower will have to 

determine which is locally available and sustainable and will best fit his or her production 

system so that they can produce high quality plants and have good profit margins. It all goes 

back to the fact that a substrate needs to be many things in order for a plant to be produced in 

it successfully.  
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Cotton Stalks and Cotton Gin Trash, Renewable Alternative Substrates for the Nursery 

Industry.  
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Abstract.  In 2010 all pine bark (PB) based substrates produced significantly larger azalea 

shoots with sprinkler irrigation (OH) than pine tree (PT) based substrates, but this was not the 

case in 2011. In 2011, with OH azalea shoot growth was similar in all substrates except for 

PT:CS [PT: composted cotton stalks without a nitrogen source (CS)] which was smaller. 

With low-volume irrigation (LV) in 2010 and 2011, azalea shoot growth was largest when 

grown in a PB based substrate amended with composted cotton stalks with a nitrogen source 

(CSN) or cotton gin trash (CGT). The lowest shoot growth was produced when either PB or 

PT based substrates were amended with CS and irrigated with LV in both 2010 and 2011. 

The 100% PB control tended to be intermediate in shoot growth in both 2010 and 2011 while 

the 100% PT control produced some of the largest azalea shoots in 2011. With OH junipers 

produced generally larger shoot growth with the PB based substrates in both 2010 and 2011 

with the exception of PT:CSN in 2011. In 2010 juniper shoot growth with LV was largest 

with PB:CGT and smallest with PT:CGT. In 2010 there were no significant differences 

among substrates for juniper root growth with OH but in 2011 root growth was greatest with 
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PB:CS while the remaining substrates were not significantly different, the exception being 

with 100% PB where roots were smallest. With LV in 2010 root growth was largest with 

PB:CGT and 100% PB control while in 2011 PB:CSN produced the largest root system. In 

both years PT:CGT produced the smallest root growth with LV along with PB:CSN in 2010. 

All of the substrates were also inoculated with Phytophthora root rot for both years with the 

same species with an addition of ‘Hino’ azalea. Generally ‘Sunglow’ azalea and juniper 

showed no significant differences among the substrates for foliar and root rot ratings for both 

years. ‘Hino’ azalea did show differences amongst substrates for foliar and root rot ratings. 

Root rot ratings of ‘Hino’ azalea were highest with PT:CSN and it was not significantly 

different from PT:CS, while PT:CGT had the lowest rating in 2010. In 2011, root rot rating 

was highest with PT:CGT and the rest of the substrates were all similar and significantly 

lower. 
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Significance to the Industry: 

Either PB or PT based substrates blended with composted cotton stalks, composted 

cotton stalks with a nitrogen source, or aged cotton gin trash may be a disease suppressive, 

nutrient retentive substrate which provides a favorable root growth environment that supports 

shoot growth as well or better than pine bark alone. By utilizing local substrate amendments, 

such as cotton stalks and cotton gin trash, the nursery industry can assist one industry in 

disposing of an unutilized resource while also reducing the nursery industry’s dependence on 

pine bark. 

Introduction: 

Pine bark (PB) makes up 75-100% (by volume) of container substrates in the eastern 

U.S. (Lu et al., 2006). Pine bark is a by-product from the preparation of logs for milling. 

Many years ago when the nursery industry began using PB as a growing substrate, the 

forestry industry was seeking avenues for bark disposal; thus, growing containerized plants 

in PB was a win-win for both industries.  The nursery industry in the southeast relies very 

heavily on PB as a substrate. PB is desirable because it is light in weight, well-drained, 

pathogen-free and disease suppressive. However, in present day, many industries compete for 

a diminishing supply of pine bark. Thus, research for alternative substrates to replace the use 

of PB by the southeastern nursery industry is gaining popularity. 

In the past few years, many researchers have examined different, alternative 

substrates. The Biomass Crop Assistance Program (BCAP) along with a harder push toward 

bio fuels have resulted in numerous papers and presentations done on the use of alternative 

substrates in the nursery industry. Growers may be currently asking themselves, what 
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alternative substrate materials should I use, there are so many? The answer to this question 

seems to be any alternative substrate that is locally, and readily available and that can be 

successfully used in production systems. The nursery industry cannot afford to face any more 

decreases in their profit margins. The point of the alternative substrate “movement” is to help 

prevent profit margins from decreasing due to a rise in container media costs. 

Numerous alternative substrates and alternative substrate amendments can be 

successfully used to lessen the effects of increases in price and the decreases in supply of PB. 

Composted turkey litter, switchgrass, cotton gin compost, vermicompost, just to name a few, 

have been evaluated (Tyler et al. 1993c; Altland and Krause, 2009; Jackson et al., 2005; 

McGinnis et al., 2009). Most of these alternatives are appropriate substrate amendments and 

when blended with PB form a substrate with good water holding capacity and air space and 

often increase the nutrient retention of substrates composed of PB alone. However, many of 

these substrate amendments are expensive due to their preparation, handling, shipping weight 

and associated costs, making their use unrealistic.  

Cotton is a very important agricultural crop in the southeast, comprising 2% of North 

Carolina’s 9.7 billion dollar farm cash receipts (NC Dept. of Ag., 2009). Best management 

practices for cotton production are to use “no-till” methods after harvesting which involves 

cutting cotton stalks and leaving the debris in the field. This can lead to a buildup of debris 

after several crop rotations due to the woody nature of the cotton stalks making it difficult for 

new crops to be planted, fertilized, etc. (Bilderback and Warren, 2010). However, after 

cotton is picked, the cotton stalks can be harvested using a silage cutter preventing them from 

touching the ground. Once chopped by the silage cutter, the stalks are placed in a pile, kept 
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moist, and composted for approximately 3-5 months to achieve temperature near 60C (140F) 

to assure compost maturity.  

Cotton gin trash (CGT) (produced during the ginning process of removal of lint from 

the cotton burr) is another copious waste product of cotton production. Each year, the U.S. 

cotton industry harvests 17 to 18 million bales of cotton that go through the ginning process 

resulting in an estimated 1.2 - 2.5 million metric tons of CGT creating a significant disposal 

problem in the ginning industry (Buser, 2001; Fava 2004). In the southeast cotton is widely 

grown and the stalks and gin trash are locally available and easily accessible for use as a 

potential PB extender. 

Another approach to eliminating the nursery industry’s dependency on PB is with the 

use of whole pine tree substrates (PT).  Pine tree substrates are produced from freshly 

harvested loblolly pine trees which are chipped or ground with or without the bark, limbs, 

and needles then sent through a hammer mill to achieve a suitable particle size (Jackson et 

al., 2009a). Research addressing the pH, fertility and N immobilization, and changes in 

chemical and physical properties during long-term nursery crop production of PT substrates 

has been conducted for use by the nursery and greenhouse industries (Jackson et al., 2009c, 

Jackson et al., 2009b, and Jackson et al., 2009a). However, blending PT with composts has 

not been evaluated.  

One of the benefits of using composts to amend substrates, besides the outlet for 

waste utilization, is the suppression of soilborne plant pathogens. Microorganisms that are 

present in compost and persist once the compost has been added as an amendment act as 

biocontrol agents against diseases, including ones that are caused by Phytopthora spp. 
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(Hoitink et al., 1997).  The activity of these beneficial microbes prevents the germination of 

the pathogen spores, thus preventing them from infecting the host (Hoitink et al., 1997).  

The nursery industry must consider alternative substrates and substrate amendments 

that are readily available and be willing to adapt them into their production systems so that 

profit margins do not decrease more than necessary. Either PB or PT based substrates 

blended with CS, CSN, or CGT may be a disease suppressive, nutrient retentive substrate 

amendment which creates a favorable root growth environment that supports shoot growth as 

well or better than PB alone. By utilizing local substrate amendments, such as cotton stalks 

and CGT, the nursery industry can achieve a win-win situation assisting one agricultural 

commodity through developing a market for unutilized resource materials while also actively 

pursuing a means to reduce dependence on PB and maintain a viable business.   

The objectives of this research were to evaluate two waste products of the cotton 

industry (cotton stalks and CGT) as amendments to PB based and PT based substrates for the 

production of two species under two different irrigation / ground surface management 

regimes and to evaluate the disease suppression of composted cotton stalks for Phytophthora 

root rot. This project which was repeated over two summers, is part of a larger goal to 

provide the nursery industry in the southeastern US with “research ready” regionally 

available alternative potting substrates that will help to lessen the dependence on PB. 

Materials and Methods: 

Summer 2010: Rhododendron obtusum (Lindl.) Planch. ‘Sunglow’ (azalea) and 

Juniperus conferta Parl. ‘Blue Pacific’ (juniper) were potted on May 7
th

, 2010 into 3-quart 

(2.8-L) black plastic containers filled with either PB or PT based substrates that were 



22 

 

 

 

 

amended (v/v) with cotton stalks composted with a nitrogen (N) source (Daddy Pete’s Plant 

Pleaser, 0.5-0.5-0.5, Stony Point, NC) (CSN), cotton stalks composted without an N source 

(CS), or aged cotton gin trash (CGT). Substrate treatments were arranged in a factorial 

treatment combination of the substrate bases (PB and PT) and amendments (CS, CSN, and 

CGT) resulting in a total of six substrates: 4:1 PB : CS (PB:CS), 4:1 PB : CSN (PB:CSN), 

9:1PB : CGT (PB:CGT), 1:1 PT : CS (PT:CS), 1:1 PT : CSN (PT:CSN), and 4:1 PT : CGT 

(PT:CGT) arranged in a randomized complete black design with 8 replications, along with a 

control of 100% PB.  

Aged PB was supplied by Pacific Mulch (Henderson, NC). The PT substrate base was 

produced from freshly harvested 12-year old loblolly pine trees (Pinus taeda L.) that were 

delimbed and chipped (Morbark, Horizontal Grinder, Model 5600, Mobark Inc., Winn, MI). 

The CS was supplied by Fork L Farms (Norwood, NC) and the CGT was supplied by 

Roanoke Tar Cotton Co. (Williamston, NC). The PT chips were combined with either, CS, 

CSN, or CGT and then hammer-milled with a 3/8” (9.52mm) screen (10 horse power, Model 

5, Meadows Mills, Inc., North Wilkesboro, NC). Ratios of CS, CSN, or CGT were adjusted 

for PB and PT based substrates to achieve similar water holding capacities (container 

capacity) (Table 1). Total porosity (TP), airspace (AS), container capacity (CC), available 

water (AW), unavailable water (UW), bulk density (BD) and particle size distribution 

analyses were conducted in the Horticultural Substrates Laboratory, Department of 

Horticultural Science, N.C. State Univ., Raleigh, NC. Substrate physical properties were 

determined from fallow containers filled at potting and measured 4 weeks and 22 weeks after 

filling. Three replications of each substrate were packed into 347.5 cm
3
 cylindrical aluminum 



23 

 

 

 

 

rings (7.6 cm dia, 7.6 cm ht) and they were used to determine TP, AS, CC, and BD according 

to procedures outlined in Tyler et al. (1993c).  There were five replications of each substrate 

packed into 101.4 cm
3
 cylindrical aluminum rings, (7.6 cm dia., 2.2 cm ht) using modified 

procedures of Bilderback et al. (1982). Unavailable water was determined using the 101.4 

cm
3
 rings following procedures described in Klute (1986), and AW was calculated as CC - 

UW. To determine particle size distribution, three samples of each substrate of approximately 

100 g (3.53 oz.) each were dried at 105C (221F) for 48 h and placed in a Ro-tap Shaker 

(Model B, W.S. Tyler, Mentor, Ohio) fitted with seven sieves, 6.3 mm (0.25”), 2 mm (0.08”), 

.71 mm (0.03”), 0.5 mm (0.02”), 0.25 mm (0.009”), and 0.106 mm (0.004”) for 5 min. The 

sample from each sieve was weighed, and particle size was expressed as a percentage of the 

total weight of the sample. 

PB based substrates were amended with 3 lbs/yd
3
 (1.4 kg

.
m

3
) of dolomitic lime 

incorporated at mixing; while, the PT based substrates had no lime added based on 

recommendations by Jackson et al. 2009c. PB based substrates and the 100% PB control 

were top-dressed with 2.6 g N [15 g (0.52 oz) fertilizer] and PT based substrates were top-

dressed with 3.4 g N [20 g (0.71 oz) fertilizer] supplied by a polymer-coated, slow release 

fertilizer, 17-5-10 (17N-2.2P-0.83K) (Harrell’s, Lakeland, FL).  Higher fertilizer rates were 

used in the PT treatments based on results published by Jackson et al. 2009b. The polymer 

coated fertilizer contained all macro and micro nutrients which were derived from 

ammoniated phosphate, ammonium nitrate, calcium phosphate, potassium nitrate, sulfate of 

potash, copper sulfate, iron chelate, iron sulfate, magnesium oxide, magnesium sulfate, 

manganese sulfate, sodium molybdate, and zinc sulphate.  
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Plants in all treatment combinations of substrates were grown with two different 

irrigation/ground surface conditions (irrigation) - overhead, sprinkler irrigation with black 

weed fabric covering the ground (OH) or low volume, spray stake irrigation with gravel 

covering the ground (LV). OH was supplied using rotary spray nozzles (961-p Part Circle, 

AGRIDOR Ltd., Rosh Ha'ayin, Israel) that delivered 32 g/h (120 l/h). LV was applied by a 

spray stake (PC Spray Stake, Netafim, Ltd., Tel Aviv, Israel) that delivered 3.2 g/h (12.1 l/h). 

Irrigation was applied cyclically at 8 am, 12 pm, and 4 pm, daily. Irrigation volume was 

managed for each irrigation system and substrate base and adjusted to maintain a 0.2 

leaching fraction (leaching fraction = volume of leached ÷ volume of applied). Every plot 

had a PB control for comparisons. Leaching fractions were measured from each substrate 

approximately every two weeks and irrigation volume was adjusted accordingly. In 2010, 

leaching fractions were collected for OH on 6/25, 7/7, 7/21, and 8/14 and LV on 6/25, 7/7, 

7/20, and 8/4.  Additionally, substrate solution was collected every two weeks using the 

pour-through nutrient extraction method (Wright, 1986) and used to measure electrical 

conductivity (EC) and pH using a Hanna pH/EC meter (HI 8424, Hannah Instruments, Ann 

Arbor, MI). In 2010, leachates were collected on 5/19, 6/3, 6/29, 7/13, and 7/28 for OH and 

for LV on 5/19, 6/3, 6/18, 7/2, 7/15, and 8/10.  

On August 26, 2010 plants were separated into shoots (stems and leaves) and roots.  

Roots of juniper only were washed to remove substrate for dry weight determination. All 

plant parts were dried at 62C (144F) for 5 days. After drying, samples were weighed. Leaves 

were then ground via a Foss Tecator Cyclotec™ 1093 sample mill (Analytical Instruments, 

LLC, Golden Valley, Minn.) to pass a ≤ 0.5 mm sieve. Foliar N concentration was 
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determined by oxygen combustion gas chromatogrphy with an elemental analyzer (NA 1500; 

CE Elantech Instruments, Lakewood, N.J.) (Campbell and Plank, 1992).  Foliar phosphorus 

(P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), boron (B), copper (Cu), iron 

(Fe), manganese (Mn), and zinc (Zn) concentrations were determined with an inductively 

coupled plasma (ICP) spectrometer (Donohue and Aho, 1992) (Optima 3300 DV ICP 

Emission Spectrometer; Perkin Elmer Corp., Shelton, CT) following open-vessel nitric acid 

digestion in a microwave digestion system (CEM Corp., Matthews, NC) (Campbell and 

Plank, 1992). Tissue samples were analyzed by the North Carolina Department of 

Agriculture and Consumer Services, Agronomic Division, Raleigh, NC. 

Summer 2011:  In 2011 the experiments were repeated with the same species and the 

same size containers potted on May 26, 2011. The same factorial arrangement of substrate 

bases and amendments were used. The experiment was arranged in a random complete block 

experimental design with the addition of a 100% PT-control, hammer-milled through a ¼” 

(6.35 mm) screen was included.  Physical properties of the substrates tested are included in 

Table 10. Physical properties were analyzed from fallow containers at potting (initially) and 

at the termination of the study (finally) using the same procedures as described for Summer 

2010. 

A new OH was constructed with sprinklers (R13-18, Rainbird, Tucson, AZ) that 

applied 1.6 gpm (6.06 l/m) and provided better application uniformity. The same LV was 

used. Leaching fractions were measured for OH on 6/10, 6/25, 7/12, 7/29, 8/24, and 9/2 and 

for LV on 6/10, 6/25, 7/12, 7/30, 8/24, and 9/15. Leachate samples were collected on 6/16, 

6/30, 7/14, 8/4, 8/25, and 10/4 for OH and on 6/21, 6/30, 7/14, 8/4, 8/25, and 10/4 for LV.  
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Leachate samples collected on 6/16, 6/21, 6/30, 7/14, and 8/25 were measured for pH and EC 

using a Hanna pH/EC meter (HI 8424, Hannah Instruments, Ann Arbor, MI).  Additionally, 

leachate samples collected on 6/30, 8/4, and 10/4 were submitted to the NCDA&CS (North 

Carolina Department of Agriculture and Consumer Services, Agronomic Division Raleigh, 

NC) for inorganic nitrogen (IN-N), urea, P, K, Ca, Mg, S, B, Cu, Fe, Mn, and Zn analyses. 

The IN-N fraction concentrations include nitrate + nitrite nitrogen (NO3-N + NO2-N) and 

ammonium nitrogen (NH4-N). NO3-N is determined on a homogenized sample (~20 mL) by 

nitrate-hydrazine reduction (Kempers, 1988; Skalar Analytical, 1995b) and NH4-N is 

determined by a modified Berthelot reaction (adapted from Krom, 1980; Skalar Analytical, 

1995a), with an auto-flow spectrophotometric analyzer (San
++ 

Segmented Flow Auto-

Analyzer, Skalar Instruments; Breda, The Netherlands). Total concentrations of P, K, Ca, 

Mg, S, Fe, Mn, Zn, Cu, and B are determined with an inductively coupled plasma (ICP) 

spectrophotometer (USEPA, 2001) (Optima 3300 DV ICP emission spectrophotometer; 

Perkin Elmer Corporation; Shelton, CT).  

To further evaluate the effects of irrigation and substrates, temperatures of the 

substrates and foliage were measured using a thermocouple and datalogger (U12 

Outdoor/Industrial, Onset Hobo Data Loggers, Bourne, MA). A thermocouple was placed on 

the south side of the container, approximately 1 inch (25.4 mm) deep into the substrate for 

temperature measurements in each irrigation treatment from 8/19/11 at 6 am to 8/20/11 at 6 

am. For foliage temperature measurements the thermocouple was inserted in the foliage of 

each species in each irrigation treatment from 9/24/11 at 6 am to 9/25/11 at 6 am. For ground 
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surface temperature measurements the thermocouple was laid on the ground from 8/3/11 at 6 

am to 8/4/11 at 6 am. 

On October 4, 2011 plants were separated into shoots (stems and leaves) and roots.  

Roots of juniper only were washed to remove substrate for dry weight determination. All 

plant parts were dried at 62C (144F) for 5 days. After drying, samples were weighed. Leaves 

were then ground via a Foss Tecator Cyclotec™ 1093 sample mill (Analytical Instruments, 

LLC, Golden Valley, Minn.) to pass a ≤ 0.5 mm sieve. Foliar nutrient concentrations were 

determined as described previously for 2010. Foliar samples were analyzed by the North 

Carolina Department of Agriculture and Consumer Services, Agronomic Division, Raleigh, 

NC. 

 In both 2010 and 2011, the study was conducted at the Horticulture Field 

Laboratories, Raleigh, NC (longitude: 35
o
47’29.57”N; latitude: 78

o
41’56.71”W; 

elevation:136 m). In 2010 and 2011, all variables were tested for differences using analysis 

of variance procedures and lsd means separation procedures (P >0.05) where appropriate 

(SAS, 2001).  

Suppression of Phytophthora root rot was evaluated in the pathology area of the 

Horticulture Field Laboratories. Inoculum of Phytophthora cinnamomi was produced on 

sterile rice grains in the laboratory and used to inoculate test plants (Holmes and Benson, 

1994).  In addition to Sunglow azalea and Blue Pacific juniper, Hinodegiri azalea was 

inoculated. All three species were transplanted on the same days, and into the same PB and 

PT based substrates amended with CS, CSN, and CGT and the industry control substrate of a 

100% PB, with the same amounts of lime and fertilizer applied as the growth studies and 
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plants were grown in 3-quart (2.8-L) black plastic containers and were allowed to establish 

for 2 weeks before inoculation. At inoculation two rice grains colonized by isolate 2386 of P. 

cinnamomi were  placed in each of three holes around the edge of the root system about 

1.18” (3 cm) below the surface. The experiment was placed in a randomized complete block 

design with six replicates of each treatment where each replicate consisted of four plants.  

For each amended substrate, one half of the plants in that treatment were not inoculated to 

compare growth in the substrate in the absence of disease.  Plants were watered by over-head 

sprinkler irrigation [Rainbird Impact Sprinkler 25JDA-C (2010) and Rainbird 1800 Series 

(2011)]. Both azalea cultivars and junipers were observed for symptoms of Phytophthora 

root rot every 2 weeks during the growing season once symptoms first developed. Foliar 

disease symptoms were recorded on a disease rating scale where 1=no disease, 2=slight 

disease (slight chlorosis), 3= stunting and necrosis, 4=dead plant (Benson, 1990).   At harvest 

on September 8, 2010 and September 12, 2011, top weight was measured and root rot was 

assessed with a standard rating scale where 1= healthy, 2= fine roots necrotic, 3= coarse roots 

necrotic, 4= crown rot, and 5= dead plant (Benson, 1987). The data were analyzed using 

PROC GLM and the means were separated using single degree of freedom linear contrasts to 

compare controls and the inoculated treatment for each species growing in each substrate 

individually (SAS, 2001). 

Results and Discussion: 

Summer 2010 Growth: The summer of 2010 had normal precipitation and 

temperatures for Raleigh, NC (Table 2). The three way interaction between species, 

substrate, and irrigation and the two-way interaction between species x substrate were non-
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significant. However, the interaction was significant for species x irrigation and substrate x 

irrigation. While the trends in growth of each species were the same for each type of 

irrigation, visually plants were much larger in OH than LV. Therefore, data were reanalyzed 

by irrigation treatment and species and data will be presented in this manner. Azalea shoot 

growth was larger with OH for all substrates compared to LV (P > 0.0001) (Fig. 1A).  With 

OH, growth was greatest in azalea shoots in all the PB based substrates and 100% PB and 

was lowest in all the PT based substrates (Fig. 1A). Shoot growth in azalea with LV 

irrigation was greatest in PB:CSN and PB:CGT and was lowest in PB:CS, PT:CS, and 

PT:CGT.  The 100% PB control and PT:CSN resulted in growth that was not significantly 

different than any of the other substrates.  

Juniper shoot growth with OH was higher in the PB:CGT and 100% PB substrates 

(Fig. 2A). The lowest juniper shoot growth with OH occurred in the PT:CS substrate. 

PB:CGT, PB:CS, PB:CSN, PT:CSN, and PT:CGT all had similar shoot production with OH. 

LV produced the largest juniper shoot growth with PB:CGT and the lowest with PT:CGT. 

Juniper root growth was not significantly different between substrates when grown with OH 

(Fig. 3A). Root growth was highest in LV with the PB:CGT and PB substrates which 

coincided with the shoot growth data. Juniper root growth was lowest in PB:CS and PB:CSN 

and all the PT based substrates.  

Physical Properties:  The sample time x substrate interaction was significant for TP, 

CC, AS, UW, AW, and BD; therefore the data are presented by sample time (Table 1). Most 

of the PB based and PT based substrates amended with CS, CSN, and CGT maintained 

acceptable physical properties throughout the production period with some being slightly 
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lower or higher than the recommended ranges (Yeager et al., 2007). Over time, TP, AS, CC, 

and UW decreased for most of the substrates (Table 1). AW content increased for the PB:CS, 

PT:CS, and PB substrates while it decreased for PB:CSN, PT:CSN, and PB:CGT from 4 

through 22 weeks. Total porosity and AS for all PT based substrates were greater than the PB 

based substrates for both sample times. Jackson et al. (2009a) found that TP and AS initially 

was higher in pine tree substrates (TP:91.2%, AS:35.9%) when compared to PB (TP:83.2%, 

AS 26.4%)  

In this study, PB:CS, PB:CSN, and PB:CGT had the lowest total porosity (TP) 

compared to all other substrates at 4 weeks (Table 1). The TP of almost all substrates 

decreased from the of 4 weeks measurement to the final measurement at 22 weeks, but 

substrates consisting of PB bases had greater decrease in TP than the PT based substrates. At 

22 weeks, PT:CS had the greatest TP and TP had actually increased from 4 weeks.  

Similar to TP, AS was lowest in PB:CSN and PB:CGT while PT:CS and PT:CSN had 

the greatest AS at 4 weeks (Table 1). By 22 weeks, PT:CS and PT:CSN continued to have 

the greatest AS with the PB based substrates having generally lower AS. While AS was 

highest in PT:CS and PT:CSN they generally produced lower shoot growth for junipers and 

azaleas when compared to the other substrates. Even though all PT based substrates had 

greater total porosity and air space than the PB based substrates; the PT based substrates did 

not improve juniper root growth. PB:CGT had lower airspace over the growing season but 

still produced a juniper root system with one of the greatest masses.  

Container capacity decreased in four of the substrates and increased in three of the 

substrates between initial and final analyses (Table 1). CC was lowest in PT:CS and PT:CSN 
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at 4 weeks and PT:CSN continued to have the lowest CC at 22 weeks. All of the PB based 

substrates had higher BD than all of the PT substrates, a trend that continued through the 

final measurements and was similar to the findings of Jackson et al (2009a). In our study BD 

did not change over time substantially amongst the different substrates (Table 1).  

 At four weeks after potting, AW was the highest in the PT:CGT and lowest in the PB 

substrate while UW was lowest with PT:CGT and highest with the PB:CGT and PB 

substrates (Table 1). By 22 weeks after potting, PB:CSN and PT:CSN had the lowest AW 

with all other substrates having greater and similar AW. At 22 weeks, UW was generally 

greater in all the PB substrates and lowest in PB:CGT and all the PT substrates. AW 

increased in most substrates from 4 to 22 weeks but PB:CSN and PT:CSN both decreased. 

UW decreased in all substrates from 4 to 22 weeks. 

The sample time x substrate interaction was significant for most sieve screen sizes; 

therefore, data will be presented by sample date (Table 3). PB based substrates maintained 

the greatest percentage of large particles (>6.3 mm) throughout the 22 weeks. The PT:CSN 

substrate had the greatest percentage of large particles (> 2mm) at the 4 week sample time 

and PB:CSN had the lowest. At 22 weeks PT:CS had the highest percent of particles in the 

6.2 to 2 mm range with PT:CGT having the lowest. The 1.99-.71 mm particle range of 

PT:CSN and PT:CGT was higher at 4 weeks and at 22 weeks with all the remaining 

substrates having significantly lower and similar amounts. These data correspond nicely to 

the TP and AS results above. The PB based substrates had the highest amount of small 

particles (.07 and lower) at four weeks with PT based substrates having the least amount. 

This trend continued through 22 weeks.   
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Chemical Properties:  The four way interaction of sample time x species x substrate x 

irrigation for pH was not significant. Additionally, the three way interactions of sample time 

x species x substrate, sample time x species x irrigation, and sample time x substrate x 

irrigation were also all non-significant. However, the two way interactions of species x 

substrate (.0017) and sample time x substrate (<.0001) were significant with the remainder of 

the two way interactions (species x irrigation, substrate x irrigation, sample time x irrigation, 

and sample time x species) being non significant. For EC the four way interaction of sample 

time x species x substrate x irrigation was significant (.0136). Therefore, EC data are 

presented by sample time, by species, and by irrigation. Additionally, to facilitate 

comparisons to growth responses, pH data will also be presented by sample time, by species, 

and by irrigation. The PT based substrates maintained higher EC (1.4 –0.3 mS) and pH (6.4 – 

5.7) levels throughout all sample times (May – August); while, the 100% PB maintained the 

lowest (EC: 0.8 – 0.2 mS and pH: 6.6 – 5.7) (Table 4). The PB based amended substrates 

were intermediate in EC and pH levels (EC: 0.9 – 0.2 mS and pH: 6.3 – 6.0).  However, all 

substrates maintained pH and EC levels within recommended levels (Yeager et al., 2007).  

With LV, substrate affected pH and EC of the substrate solution at nearly all sample 

times for azalea (except EC at 7/15) while substrate impacted substrate solution pH and EC 

less frequently for juniper (Table 4).  PT based substrates maintained generally slightly 

higher pH levels through the early sample dates while the distinction between substrates was 

less clear later in the experiment for both species in LV.  The lowest pH levels tended to be 

with the PB:CS and PB:CSN substrate for both species irrigated with LV.  EC tended to be 
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higher in the substrate solution of the PT based substrates for both species with LV most 

likely due to the higher fertilizer rate applied. 

With OH, substrate affected the pH levels of the substrate solution at 5/19 and 7/28 

only, for both azalea and juniper; while substrate affected EC at 6/29 and 7/28 for both 

species and at 5/19 for azalea and 7/13 for juniper (Table 4). Trends in mean separations 

between substrate pH and EC were less clear with OH perhaps due to the higher rate of 

leaching and high LF with this irrigation (see discussion below). 

 Water Management:  Leaching fractions (LF) did not have a significant four way 

interaction of sample time x species x substrate x irrigation. The sample time x species x 

irrigation was significant (.0044) while, sample time x species x substrate and sample time x 

substrate x irrigation were not significant. Data will be presented by sample time, by species, 

and by irrigation for growth comparison purposes. For the first measurement date (6/25) LF 

ranged from 0.81 (juniper, OH, PB:CS) to 0.13 (azalea, LV, PB:CS) (Table 5). Sample date, 

7/7,  ranged from 0.73 (juniper, OH, PB:CSN) to 0.10 (azalea, LV, PB:CS) and sample date, 

LV=7/20, OH=7/21, ranged from 0.77 (juniper, OH, PB:CGT) to 0.17 (azalea, OH, 

PT:CSN). The last measurement of the season was taken on August 4 and LF ranged from 

0.87 (juniper, OH, PT:CS) to 0.34 (azalea, OH, PB:CS). Our goal was to maintain a 0.20 

leaching fraction but they ranged from slightly below .20 to four times higher than .2 

throughout the entire season.  

With LV, LF remained close to the targeted 0.2 for first two sample times (6/25 and 

7/7) for both species and all substrates; however, LF were higher than the targeted LF for the 

last two sample times (7/20 and 8/4) (Table 4).  With OH, LF remained much higher than the 
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targeted LF throughout the experiment.  Every two weeks, volume of irrigation application 

was adjusted after each LF measurement to regulate the leaching of each species growing in 

each substrate. While a 0.2 LF was not consistently maintained throughout the experiment, 

no substrate/species combination was leached more or less than another as substrate was not 

significant within any irrigation or species at any sample time except juniper grown with LV 

at the 7/20 sampling.  Thus, there was no bias in growth response in the substrates with poor 

irrigation management.  However, improved irrigation management, especially with OH, was 

a goal for the 2011 repeated experiment. 

 Foliar Analysis: Foliar nutrient analyses were conducted for azalea and juniper with 

OH only.  Substrate affected foliar N concentrations of junipers but not of azalea while 

substrate impacted foliar P concentration of both azalea and juniper (Table 6).  Azalea 

growing in the PT based substrates had higher foliar P concentrations most likely due to the 

higher rate of fertilizer applied to these substrates.  Juniper growing in the PT:CS substrate 

had higher foliar N and P concentrations.  Substrate impacted the concentration of Ca in the 

leaves of azalea but not of juniper with the PT based substrates having generally lower Ca 

concentration in azalea.  Substrate did not affect S or any of the foliar micronutrient 

concentrations. However, Tyler et al. (1993b) found that compost affected the foliar 

concentrations of N, P, Mg, Mn, CU, Fe, and B. These authors also found that the foliar 

concentrations of N and P displayed a linear increase with an increasing rate of compost. 

Based on foliar nutrient response and plant growth; compost adequately replaced the 

dolomitic limestone, micronutrients, and some of the macronutrients that were added to the 

commercial substrate used for comparisons (Tyler et al., 1993b).  
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Phytopthora Root Rot: With ‘Hino’ azalea, a highly susceptible species, the visual 

rating of foliar damage showed no significant effect of inoculation on July 21 and August 13 

(Table 7). However, by September 2, all plants in the inoculated treatments were showing 

significant increases in foliar disease rating compared to plants growing in the same substrate 

that were not inoculated. At harvest, root rot was also greater in inoculated plants regardless 

of substrate. When looking at the ‘Sunglow’ azalea and juniper species, there were no 

significant differences in foliar disease symptoms and root rot ratings at all dates. 

‘Hino’ azalea had no significant differences among substrates for the first two foliar 

analysis dates, but on the last date (September, 2), there were differences in the foliar disease 

ratings (Table 8). PT:CSN had the highest foliar rating, while PT:CGT, PB, and PB:CS were 

all similar having lower foliar disease ratings. There were also significant differences found 

among ‘Hino’ azalea for root rot ratings. PT:CSN had the highest root rot rating and was not 

significantly different from PT:CS, while PT:CGT had the lowest root rot rating.  Ownley et 

al. (1990) found that P. cinnamomi was found to be less in media that had a higher TP 

between 68 to 86% and an AS from 25 to 35% and a lower BD from .15 to .53 g
.
cm

3
. These 

researchers found that a higher TP and AS can result in an increase of root growth and result 

in a lower number of water-filled pores, the size that can favor the reproduction and the 

pathogenicity of P. cinnamomi. Overall, Phytophthora root rot was no worse in substrates 

composed of CSN or CGT amendments than in PB substrates alone.  

Summer 2011 Growth: During the summer of 2011 the precipitation and 

temperatures were normal for Raleigh, NC (Table 9). The three way interaction of species x 

substrate x irrigation was not significant for shoot dry weight. However, the two way 
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interactions of species x substrate, species x irrigation, and substrate x irrigation were all 

significant, so data were re-analyzed by species, by irrigation, and by substrate. When 

analyzed by species the two way substrate x irrigation interaction was not significant for both 

species. However, visible growth differences between irrigation were observed again; 

therefore, the data will be presented by species and by irrigation.  

When looking at azalea shoot growth, it was again largest with OH when compared to 

LV (P>0.0001). Using OH, PB, PB:CS, PB:CSN, PB:CGT, PT:CSN, PT:CGT, and PT all 

had similar growth with only PT:CS being significantly different and producing the least 

amount of growth for azalea shoots (Fig. 1B). Azalea shoot growth was largest in PB:CSN, 

PB:CGT, and PT substrates when grown with LV and smallest with PT:CS. There were no 

significant differences between azalea shoot dry weights between PB, PB:CS, PT:CSN, or 

PT:CGT with LV. OH also produced larger juniper shoot growth than with LV (P=0.0001). 

Juniper shoot growth was largest with PT:CSN with OH and was not significantly different 

from PB:CS or PB:CSN (Fig. 2B). The smallest juniper shoot growth in OH was found with 

PB, PT:CS, and PT:CGT. Juniper shoot growth with LV was highest with PB:CSN and was 

lowest with PT:CGT. Juniper shoot growth in PB, PB:CS, PB:CGT, PT:CS, and PT were not 

significantly different from each other with LV.  

The shoot growth differences between OH and LV could be due to temperature 

differences between irrigation ground cover situations. Figure 4A and 4B show that both 

azalea and juniper canopy temperatures with OH tended to be lower than with LV, although 

the cooling effect was greatest with juniper. Additionally, canopy temperatures were higher 

than air temperatures for both species, especially juniper. Finally, the ground surface cooled 
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more when the OH ran than when the LV was applied, but neither appeared to be cooler than 

the other when irrigation was not running (Fig. 5). Warren and Bilderback (2004) found that 

plants grown using low volume irrigation on gravel and ground fabric/black plastic had 

greater top and root dry weights compared to plants grown on black plastic or white plastic 

while root: top ratio was highest for ground fabric/black plastic, followed by gravel, black 

plastic, then white plastic. Substrate temperatures were also cooler with OH compared to LV 

for both PB and PT based substrates (Fig. 6A and 6B). 

Root dry weights for junipers did not have a significant interaction between substrate 

and irrigation, however for comparison to shoot growth purposes, data are presented by 

irrigation. Root growth with OH was greatest in PB:CS and was not significantly different 

from PB:CSN, PB:CGT, PT:CSN, or PT (Fig. 3B). Root growth with LV was highest with 

PB:CSN and lowest with PT:CGT and it was not significantly different from PB, PB:CSN, 

PB:CGT, PT:CS, or PT.  

Physical Properties: The sample time x substrate interaction was significant for CC, 

AW, BD, AS, UW while it was not significant for TP. However, for comparison purposes, all 

physical properties will be presented by sample time. TP was not significantly affected by 

substrate base or amendment at potting or after 22 weeks (final) (Table 10). AS was highest 

at initial and final sample dates for PB:CS. AS was lowest at the initial sample date for 

PT:CS and PT:CSN. AS was lowest at the final sample date for PB:CGT, PT:CGT, and PT. 

The final measurement of AW was higher with PT:CGT and PT and was lowest with PB:CS. 

Initially, UW was highest with PB:CGT and was lowest with PT. Finally, UW was higher 

with PB:CS and PB:CSN and was lowest with PT:CGT and PT. PB:CGT had the highest BD 
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initially and also finally along with PB. PT:CS and PT:CSN had the lowest BD initially while 

PT:CS had the lowest with the final measurement. Most of the physical properties were 

within the recommended ranges of the BMP’s. However; some of them were slightly lower 

(e.g. AW of all PB based substrates) and some were higher (e.g. CC of the PT based 

substrates) than the recommended ranges.  

 Thermal conductivity (ability of a substrate to conduct heat) is known to be a function 

of temperature, water content and bulk density and thermal diffusivity (the speed at which 

heat moves through a substrate) is known to be a function of thermal conductivity, bulk 

density, and specific heat. Thus any changes in the container capacity, bulk density, or air 

space of a substrate will impact the temperatures of the substrates (Tyler et al., 1993a). 

Composted turkey litter (CTL) added to a PB substrate increased bulk density and container 

capacity and decreased the air space of pine bark (Tyler et al., 1993a). These researchers 

speculated that the greater BD and CC and lower AS of the CTC amended PB substrates 

resulted in an increase in thermal conductivity and diffusivity compared to the 100% PB. The 

substrate that contained 8% CTL had the least difference between the highest and lowest 

points on the diurnal temperature curve while the 0% CTL substrate (100% PB) had the 

largest (Tyler et al., 1993a). Similar trends are shown in Figure 7C and 7D. The PT:CS  

substrate, which had one of the highest CC and the lowest AS and BD reached higher 

substrate temperatures and with OH, had the greatest swing in temperature from 37.2 to 

27.8C (99 to 82F) and also produced the smallest plant. Overall, PB:CS generally had a 

lower substrate temperature throughout the day than PT:CS or PB possibly because the 

PB:CS had a lower CC and higher BD and with OH less fluctuation in temperature from 33.4 
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to 29.5C (92 to 85F). Azalea and juniper growth was also among the highest with PB:CS. 

However, Tyler et al. (1993a) found that the substrate with the greatest CC had the lowest 

fluctuation in temperature due to water’s greater ability (compared to air) to retain heat 

correlated with the greatest growth. In our study, with OH, PT:CS had a higher CC than 

PB:CS, the largest fluctuations in temperature, and the lowest BD. Tyler et al. (1993a) found 

that the CTL substrate had the highest CC, had the smallest fluctuations in temperature, and  

had a higher BD. With LV, PB which had the highest AS and BD and lowest CC reached 

higher substrate temperatures and maintained them longer than PB:CS or PT:CS (Fig. 7B). 

Also 100% PB substrates tended to have higher temperatures when compared to PB:CS and 

PT:CS in both irrigation/ground cover situations (Fig. 7A and7B).  

The sample time x substrate interaction was significant for all of the sieve plate sizes; 

2 mm, .71 mm, 0.5 mm, .25 mm, .106 mm, and the pan, except for the 6.3 mm sieve where 

the interaction was not significant. However, for comparison purposes, all data will be 

presented by sample time. The PB based substrates had a larger percentage of > 6.3-2mm 

particles than the PT based substrates (Table 11). Initially, PB had the highest percentage of 

> 2.0mm particles with PT having the lowest. With the final sample time PB:CS and 

PB:CSN had the largest percentage of particles > 2 mm with PT again having the lowest. For 

particles > .71 mm, PT had the highest percentage initially and finally. At the initial and final 

sample times, the PT based substrates had greater percentages of particles in the 0 .71-0.50 

range than the PB based substrate. These findings are similar of those in 2010. PB and 

PB:CGT had the highest percentage of fines (pan) while PT:CSN had the least initially. 

Finally, PB:CGT had the highest amount of fines and PT had the least. Jackson et al.’s 
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(2009a) study showed that PT substrates did decompose in containers that were fertilized and 

grown outside in a nursery setting as shown by the reduction in substrate particle size. 

However, the physical properties still remained acceptable for plant growth, regardless of the 

decomposition, and the stability of PT substrates over two growing seasons was sufficient in 

order to support plant growth (Jackson et al., 2009a). 

Chemical Properties:  The four way interaction of sample time x species x substrate x 

irrigation for pH was not significant. The three way interaction of sample time x substrate x 

irrigation were significant (<.0001) while sample time x species x substrate and sample time 

x species x irrigation was not significant. For EC the four way interaction was also not 

significant along with all of the three way interactions. EC and pH data will be presented by 

sample time, by species, and by irrigation to facilitate comparisons to 2010 results. The 

100% PT substrate that was added to the study for this year had the lowest pH levels (5.1-

5.9) throughout the entire growing season (May-October) with both LV and OH when 

compared to all of the other substrates (Table 12). There was a general increase in pH with 

substrates that had the CS, CSN, and CGT amendments compared to PB or PT alone. The 

range for pH was from 5.13-6.50 throughout the entire season. EC ranged from 0.34-1.54 mS 

throughout the season. With LV, substrate impacted substrate solution pH at all sample dates 

for both species while substrate was significant for EC for both species only on the first 

sampling (6/21). With LV, PT:CS had the highest EC level for all sample dates with PB and 

PB:CGT having the lowest EC on sample dates 6/21 and 6/30 and PB the lowest on 7/14 and 

8/25. On 6/17 and 8/25, with OH, PB and PB:CSN had the lowest EC values, on 6/30, PB 

had the lowest, and on 7/14 PB:CSN had the lowest. PT:CSN had the highest EC levels with 
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OH on the last three sample dates while PT and PT:CGT had the highest on the first sample 

date. With OH, substrate affected the pH and SS levels in the substrate for both species at all 

sample times except pH at 8/25.  According to the BMPs a substrate pH should be between 

5.5 and 6.5, for the most part the pH levels were within these recommended ranges but some 

were slightly lower (5.2) or slightly higher (6.6) (Yeager et al., 2000). The BMP’s also 

recommended a more acidic pH of 4.5-5.5 for certain species like azalea. Substrate pH of all 

substrates was higher than this recommendation for azalea. 

Leachates: The four way interaction (sample time x species x substrate x irrigation) of 

leachate samples that were analyzed through NCDA for nutritional analyses was largely non-

significant along with the three way, sample time x species x substrate interaction. The other 

three way interactions of sample time x substrate x irrigation and sample time x species x 

irrigation were more consistently significant so the data were reanalyzed by sample time, by 

species, and by irrigation. With OH, substrate affected the concentration of inorganic-N in 

the substrate solution for juniper and azalea at all sample times except 8/4 and 10/4 for azalea 

but did not affect the urea concentration for either species (Table 13).  The addition of the 

composted cow manure to the cotton stalks during composting (CSN) did not increase 

inorganic-N concentrations in either the PB or PT based substrates compared to the CS 

amended substrates except PT:CSN at the first sampling with azalea and OH.  Substrate 

affected the concentration of P in the substrate solution of juniper and azalea irrigated by OH 

throughout the experiment except azalea at the last sampling (10/4).  PT:CGT maintained 

generally higher P concentrations in the substrate solution of both juniper and azalea irrigated 

with OH throughout the experiment.  The substrate effect on K concentration in the substrate 
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solution of azalea and juniper irrigated with OH was not as clear as with N and P.  Substrate 

affected substrate K concentrations with both irrigations and both species for all sample 

times except juniper on 6/30 and azalea on 8/4 and 10/4.  Substrate also had a varied effect 

on substrate solution concentrations of Ca, K, and Mg in juniper and azalea with OH, 

affecting substrate Ca concentrations on 6/30 for both azalea and juniper and on 10/4 for 

juniper only and Mg concentrations on 6/30 and 10/4 for juniper only.  PT:CSN and PT:CGT 

generally had higher Ca and Mg concentrations which were presumably from the higher rate 

of fertilizer applied to the PT based substrates which contained calcium phosphate. 

With LV, substrate did not affect inorganic-N concentrations in the substrate for 

either species except for 8/4 for juniper and 10/4 for azalea while substrate impacted urea 

concentrations at all samples times for both species except 8/4 for azalea and 10/4 for 

juniper.  The PT:CS maintained the highest inorganic-N concentrations for both species with 

LV.  Concentrations of P in the substrates of azalea and juniper irrigated with LV were 

affected by the substrate at all sample times except 10/4 for azalea and juniper.  P 

concentrations were generally highest in the PT:CS, PT:CSN, and PT:CGT substrates for 

both species with LV.  K concentrations in the substrate solution were not impacted by 

substrate for either species except azalea on 10/4.  Substrate impacted the concentration of 

Ca and Mg in the substrates of juniper only with LV on 6/30 and 10/4 and for Ca only on 8/4 

however no clear trends in the means separation were observed. 

Water Management: For LF, the four way interaction of sample time x species x 

substrate x irrigation was not significant. The three way interaction of sample time x species 

x irrigation was significant (.0355), while sample time x species x substrate and sample time 
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x substrate x irrigation were not significant. However, for growth comparison purposes data 

will be presented by sample time, by species, and by irrigation. For LV, leaching fractions 

ranged from 0.14-0.38 (Table 14) . With OH they ranged from 0.17-0.81. With the 

redesigned OH system,  the average LF was maintained much closer to the targeted 0.2 LF 

for both species and all substrates.  However, with LV, there were some significant effects of 

substrate on LF at several sample times.  Substrate did not significantly impact LF for either 

species irrigated with OH.  Furthermore, since no clear tends were apparent in the means 

separate of substrate within species and irrigation, it appears that growth was again not 

biased by irrigation management.  

Foliar Analysis: With both OH and LV, azalea and juniper foliar nutrient 

concentrations were determined and the replications were increased from 4 to 8 to increase 

precision.  With LV, foliar N and P concentrations of both species were impacted by 

substrate while foliar K was not affected by substrate for either species (Table 15).  The PT 

based substrates tended to produce higher foliar P and K concentrations for both azalea and 

juniper.  There were no apparent differences between the CS and CSN or CGT substrate 

amendments to supply N or P to the plant with LV.  Substrate also affected foliar Ca and Mg 

levels of azalea but only the foliar Ca levels of juniper.  Foliar Ca and Mg concentrations 

were greatest with PB:CGT in azalea while foliar Ca levels were highest with PT:CGT in 

juniper.  Foliar micro-nutrient levels were largely unaffected by substrate which is in contrast 

to the results found from Tyler et al. (1993b) using CTL. 

With OH, substrate affected foliar N, P, K, and Ca concentrations of both azalea and 

juniper but not for foliar Mg.  PT:CS resulted in the greatest foliar N, P, and K in both azalea 
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and juniper, but the smallest growth.  PT:CS also resulted in the lowest foliar Ca 

concentration in azalea while there were not substantial differences between substrates 

between foliar Ca concentrations for juniper  Again, with OH, foliar micronutrient levels 

were largely unaffected by substrate. 

 Phytophthora Root Rot: With ‘Hino’ azalea the inoculation had a significant effect on 

visual rating of foliar damage for all dates along with the root rot rating which was 

significantly different than the control (Table 16). For all foliar rating dates PB had some of 

the highest disease ratings on ‘Hino’ azalea (Table 17). ‘Hino’ root rot rating was highest in 

the PT:CGT substrates and was lowest and not significantly different in the remaining 

substrates.  When looking at the ‘Sunglow’ azalea and juniper species, there were no 

significant differences in foliar disease symptoms and root rot ratings.  

Comparison of the two years: When comparing Summer 2010 to Summer 2011 there 

were some differences in growth outcomes. In 2010 all the PB based substrates produced 

significantly larger azalea shoots with OH than the PT based substrates, but this was not the 

case in 2011. In 2011, with OH azalea shoot growth was similar in all substrates except for 

PT:CS which was smaller. With LV in 2010 and 2011, azalea shoot growth was largest when 

grown in a PB based substrate amended with CSN or CGT. The lowest shoot growth was 

produced when either PB based or PT based substrates were amended with CS and irrigated 

with LV in both 2010 and 2011. The 100% PB control tended to be intermediate in shoot 

growth in both 2010 and 2011 while the 100% PT control produced some of the largest 

azalea shoots in 2011. 
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OH irrigation, even with a black fabric ground cover, reduces substrate and canopy 

temperature and increases growth; however, growth enhancement may be decreased when 

water volume is carefully managed. Plants were larger in OH in 2011 but not as large as in 

2010. Junipers irrigated by OH produced larger shoot growth with the PB based substrates in 

both 2010 and 2011 with the exception of PT:CSN in 2011. Surprisingly, 100% PB produced 

the greatest growth in 2010 and the smallest growth in 2011. It is thought that this is a result 

of the particle size and water holding capacity of the PB in 2011. In 2010 juniper shoot 

growth with LV was largest with PB:CGT and smallest with PT:CGT. In 2010 there were no 

significant differences amongst substrates for juniper root growth with OH but in 2011 root 

growth was greatest with PB:CS while the remaining substrate were not significantly 

different, the exception being 100% PB roots were smallest in both years. With LV in 2010 

root growth was largest with PB:CGT and 100% PB control while in 2011 PB:CSN produced 

the largest root system. In both years PT:CGT produced the smallest root growth with LV. In 

both 2010 and 2011 juniper and azalea shoot growth was larger with OH than LV although 

juniper growth differences were not as great as they were with azalea. Additionally, PB:CS 

substrates maintained generally cooler substrate temperatures and had less fluctuation in 

temperature than PT:CS.  

In conclusion, adding a nitrogen source to cotton stalks during composting produced 

a better substrate amendment for PB however, aged cotton gin trash may be superior to 

cotton stalks. CGT and CSN amended PB substrate produced as good or better growth than 

PB alone. 
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Table 1. Effect of pine bark (PB) based and whole pine tree (PT) based substrates amended with composted cotton  

stalks (CS), composted cotton stalks with a nitrogen source(CSN) and aged cotton gin trash (CGT) on total porosity  

(TP), air space (AS), container capacity (CC), available water (AW), unavailable water (UW), and bulk density  

(BD). (2010) 
 

 

 

 

 

 

 

 

 

 

 

z 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS), 4:1 PB:CSN (PB:CSN), 9:1 PB:CGT (PB:CGT),  

1:1 PT:CS (PT:CS), 1:1 PT:CSN (PT:CSN), and 4:1 PT:CGT (PT:CGT).  
y 
Means within a column with different letters are significantly different from each other based on lsd mean  

separation procedures (p>0.05). N=3. 
 x 

The substrates were sampled twice for physical property analyses at 4 weeks after planting, (7/6) and again at 22  

weeks after planting, (10/20). 
w
ANOVA effect of substrate within each sample date. NS=p>0.05, p-value given otherwise. 

v 
BMP = Best Management Practices recommended ranges (in percentages) for substrates used in general  

nursery production (Yeager et al., 2000).  

Substrate (v/v)z TP (% vol.) AS (% vol.) CC (% vol.) AW (% vol.) UW (% vol.) BD (g/cm3) 

 

4 wksy 22 wks 4 wks 22 wks 4 wks 22 wks 4 wks 22 wks 4 wks 22 wks 4 wks 22 wks 

PB 91.3 76.9 dx 32.4 b 20.3 cd 55.6 c 56.5 a 16.9 c 29.2 a 38.7 ab 27.3 ab 0.23 b 0.26 ab 

PB:CS 88.5 75.7 d 31.8 b 19.8 cd 56.7 bc 60.0 a 23.7 bc 29.0 a 36.4 bc 27.0 abc 0.23 b 0.26 ab 

PB:CSN 88.8 75.3 d 29.4 bc 24.2 bc 59.4 ab 51.2 b 24.2 bc 21.7 b 35.3 c 29.5 a 0.24 b 0.24 b 

PB:CGT 85.9 74.9 d 25.8 c 17.1 d 60.1 ab 57.9 a 21.0 bc 35.2 a 39.2 a 22.7 c 0.27 a 0.27 a 

PT:CS 92.5 93.2 a 39.0 a 36.2 a 53.5 c 57.0 a 17.1 bc 33.7 a 28.5 de 23.4 bc 0.12 d 0.11 d 

PT:CSN 93.0 80.3 c 37.6 a 37.0 a 55.4 c 43.3 c 24.6 b 18.4 b 30.8 d 24.8 bc 0.13 d 0.13 c 

PT:CGT 91.8 85.6 b 31.2 b 27.5 b 60.6 a 58.1 a 33.9 a 34.7 a 26.7 e 23.4 bc 0.16 c 0.15 c 

Substratew NS <.0001 0.0002 <.0001 .0071 <.0001 .0049 0.0004 <.0001 .0402 <.0001 <.0001 

BMP 
Guidelinesv 50-85% 

 

10-30% 

 

45-65% 

 

25-35% 

 

25-35% 

 

0.19-0.70 g/cc 
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Table 2. Maximum and minimum temperature and  

rainfall during the experimental period in 2010. 

 

 

Maximum C (F)
z 

Minimum C (F) Rainfall cm (in)
y 

May 27.9  (82.2) 15.9 (60.7) 14.4 (5.7)  

June 33.3 (92.0) 21.5 (70.7) 7.9 (3.1) 

July 34.1 (93.3) 21.3 (70.4) 4.0 (1.6) 

August 33.0 (91.4) 21.6 (70.9) 11.0 (4.3) 
z
 Averages for each month (May, June, July and  

August). 
y
 Total rainfall for each month (May, June, July, and  

August). 
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Table 3. Particle size distribution of pine bark (PB) based, pine tree (PT) based, substrates amended with composted  

cotton stalks (CS), cotton stalks composted with a nitrogen source (CSN), and aged cotton gin trash (CGT). (2010). 

 

 

 

 

 

 

 

 

 

z 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS), 4:1 PB:CSN (PB:CSN), 9:1 PB:CGT (PB:CGT),  

1:1 PT:CS (PT:CS), 1:1 PT:CSN (PT:CSN), and 4:1 PT:CGT (PT:CGT).  
y 
Means within a column with different letters are significantly different from each other based on lsd mean  

separation procedures (p>0.05). N=3. 
 x 

The substrates were sampled twice at for physical analysis at  4 weeks after planting, 7/6/2010 and again at  

22 weeks after planting, 10/20/2010. 
w
ANOVA effect of substrate within each sample date. NS=p>0.05, p-value given otherwise. 

  

 

 

 

 

 

 

Substrate (v/v)z 6.3mm   2mm   .71mm   0.5mm   0.25mm   0.106mm   Fines   

 4 wksy 22 wks 4 wks 22 wks 4 wks 22 wks 4 wks 22 wks 4 wks 22 wks 4 wks 22 wks 4 wks 22 wks 

PB 17.6 ax 18.5 a 54.3 bcd 32.8 b 17.6 cd 21.5 b 3.0 bc 7.0 a 3.5 b 9.6 a 2.2 b 6.9 a 1.9 a 3.8 a 

PB:CS 12.8 b 16.3 a 52.2 de 38.0 b 22.4 b 25.4 b 4.0 a 6.6 a 4.6 a 7.1 ab 2.8 a 4.0 ab 1.7 b 2.9 a 

PB:CSN 17.8 a 16.6 a 50.4 e 29.9 bc 20.0 bc 24.3 b 4.0 a 8.3 a 4.6 a 11.1 a 2.9 a 7.0 a 1.6 b 3.4 a 

PB:CGT 16.6 a 16.6 a 56.8 b 29.9 bc 16.2 d 24.3 b 3.2 ab 8.3 a 3.9 ab 11.1 a 2.7 a 7.0 a 1.6 b 3.4 a 

PT:CS 3.6 c 4.8 b 53.2 cde 63.1 a 35.1 a 25.2 b 4.1 a 2.2 b 2.6 c 1.3 b 0.9 c 0.4 b 0.3 c 0.2 b 

PT:CSN 3.2 c 2.1 b 60.7 a 41.2 b 33.2 a 42.7 a 2.1 c 6.8 a 1.5 d 5.8 ab 0.5 d 1.9 b 0.2 c 0.4 b 

PT:CGT 4.2 c 2.5 b 56.3 bc 20.4 c 34.2 a 43.5 a 3.0 bc 7.8 a 2.1 cd 8.4 a 1.1 c 3.5 ab 0.4 c 0.4 b 

 Substratew <.0001 <.0001 0.0003 0.0001 <.0001 <.0001 0.0046 0.0094 <.0001 0.0322 <.0001 0.0450 <.0001 <.0001 
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Table 4. Effect of pine bark (PB) based and whole pine tree (PT) based substrates amended with composted  

cotton stalks (CS), composted cotton stalks with a nitrogen source (CSN) and aged cotton gin trash (CGT) 

 on pH and electrical conductivity (EC). (2010). 
LVz           

Azalea pH EC(mS) pH EC(mS) pH EC(mS) pH EC(mS) pH EC(mS) 

Substratey 5/19/2010   6/3/2010   7/2/2010   7/15/2010   8/10/2010   

PB 5.2 cx 0.25 c 6.1 cd 0.16 c  5.8 de 0.32 d 5.6 bcd 0.45 5.6 ab 0.41 

PB:CS 5.3 c 0.34 bc 5.4 f 0.17 c 5.5 e 0.51 c 5.3 d 0.58 5.0 c 0.45 

PB:CSN 5.4 c 0.42 b 5.5 ef 0.18 bc 5.9 bcd 0.46 cd 5.3 d 0.67 5.9 a 0.46 

PB:CGT 5.3 c 0.40 bc 5.8 de 0.19 bc 5.9 cd 0.58 bc 5.5 cd 0.45 5.7 a 0.43 

PT:CS 6.8 b 0.39 bc 6.4 ab 0.54 a 6.2 ab 0.84 a 5.8 abc 0.77 5.3 bc 0.69 

PT:CSN 7.1 a 0.63 a 6.7 a 0.39 ab 6.4 a 0.63 bc 6.1 a 0.92 5.8 a 0.76 

PT:CGT 7.0 ab 0.42 b 6.2 bc 0.40 ab 6.1 abc 0.70 ab 5.9 ab 0.78 5.7 a 0.74 

Substratew <.0001 0.0066 <.0001 0.0112 0.0007 0.0012 0.0024 NS 0.0015 NS 

Juniper pH EC(mS) pH EC(mS) pH EC(mS) pH EC(mS) pH EC(mS) 

PB 5.4 cd 0.26 d 5.7 b 0.24 6.1 0.53 bc 5.5 0.78 bc 6.2 0.44 

PB:CS 5.2 d 0.26 cd 5.9 b 0.20 5.9 0.38 c 5.3 0.61 c 5.3 0.32 

PB:CSN 5.3 cd 0.41 b 5.8 b 0.29 6.2 0.40 c 5.7 0.47 c 6.1 0.37 

PB:CGT 5.4 c 0.56 ab 5.9 b 0.18 5.9 0.61 bc 5.5  0.46 c 5.6 0.28  

PT:CS 6.8 b 0.37 bc 6.4 a 0.37 5.9 1.10 a 5.4 0.99 ab 5.4 0.48  

PT:CSN 7.0 a 0.39 b 6.4 a 0.35 6.3 0.95 ab 5.5 1.28 a 5.5 0.80 

PT:CGT 6.9 ab 0.45 ab 6.4 a 0.67 6.3 1.27 a 5.9 1.13 ab 5.7 1.26 

Substrate <.0001 0.0007 0.0003 NS NS 0.0038 NS 0.0020 NS NS 
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Table 4. Continued 
OH           

Azalea pH EC(mS) pH EC(mS) pH EC(mS) pH EC(mS) pH EC(mS) 

Substrate 5/19/2010  6/3/2010  6/29/2010  7/13/2010  7/28/2010  

PB 5.2 c 0.66 bc 5.9 0.21 6.0 0.27 b 5.8 0.36 5.9 a 0.36 c  

PB:CS 5.1 c 0.57 c 5.6 0.18 5.9 0.20 b 5.6 0.29 5.8 ab  0.31 c   

PB:CSN 5.3 c 0.67 bc 6.0 0.24 5.9 0.23 b 5.7 0.26 5.7 abc  0.36 c 

PB:CGT 5.3 c 0.81 bc 6.0 0.22 6.0 0.27 b 5.7 0.33  5.6 bc  0.39 bc  

PT:CS 6.6 b 1.40 a 6.0 0.46 6.0 0.45 a 5.9 0.44 5.6 c  0.74 ab  

PT:CSN 6.9 a 0.97 b 6.2 0.34 6.1 0.55 a 6.0 0.50 5.7 abc  0.82 a  

PT:CGT 6.7 ab 0.85 bc 6.1 0.29 6.0 0.50 a 5.8 0.45 5.9 a  0.59 abc  

Substrate <.0001 0.0070 NS NS NS  0.0019 NS NS 0.0334 0.0428 

Juniper pH EC(mS) pH EC(mS) pH EC(mS) pH EC(mS) pH EC(mS) 

PB 5.4 c 0.68 6.0 0.21 6.0 0.26 d 5.6 0.30 bc 5.8 a 0.28 c 

PB:CS 5.2 c 0.89 6.0 0.22 5.9 0.26 d 5.4 0.26 c 5.2 c 0.29 bc 

PB:CSN 5.4 c 0.71 5.8 0.17 5.8 0.30 bcd 5.4 0.29 c 5.5 abc 0.26 c 

PB:CGT 5.3 c 0.81 6.0 0.15 5.8 0.29 cd 5.6 0.29 c 5.4 bc 0.24 c 

PT:CS 6.6 b 1.28 6.0 0.22 5.9 0.44 ab 5.3 0.33 bc 5.5 abc 0.27 c 

PT:CSN 6.8 a 1.13 6.3 0.29 6.1 0.51 a 5.4 0.42 a  5.7 ab 0.53 a 

PT:CGT 6.8 a 1.12 6.1 0.32 6.1 0.44 abc 5.8 0.38 ab 5.8 a 0.42 ab 

Substrate <.0001 NS NS NS NS 0.0144 NS 0.0095 0.0193 0.0042 

z
 Plants were grown with overhead sprinkler irrigation black weed fabric covering the ground (OH), or  

low volume,  volume spray stake irrigation and gravel covering the ground (LV). 
y 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS), 4:1 PB:CSN (PB:CSN), 9:1 PB:CGT  

(PB:CGT), 1:1 PT:CS (PT:CS), 1:1 PT:CSN (PT:CSN), and 4:1 PT:CGT (PT:CGT).  
x 
Means within a column with different letters are significantly different from each other based on lsd mean  

separation procedures (p>0.05). N=3. 
w
ANOVA effect of substrate within each sample date. NS=p>0.05, p-value given otherwise. 
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Table 5. Effect of substrate and irrigation on leaching fraction (volume leached ÷ volume applied). (2010).  
LVz 

        OH          

Azalea 6/25 7/7 7/20 8/4 Azalea  6/25 7/7 7/21 8/4 

PBy 0.15 0.18 0.31 0.35 PB 0.58 0.28 0.21 0.36 

PB:CS 0.13 0.10 0.32 0.43 PB:CS 0.62 0.31 0.21 0.34 

PB:CSN 0.19 0.11 0.23 0.43 PB:CSN 0.64 0.32 0.36 0.47 

PB:CGT 0.15 0.20 0.23 0.37 PB:CGT 0.54 0.27 0.43 0.51 

PT:CS 0.22 0.16 0.34 0.47 PT:CS 0.60 0.26 0.22 0.54 

PT:CSN 0.17 0.18 0.26 0.44 PT:CSN 0.73 0.19 0.17 0.39 

PT:CGT 0.14 0.17 0.34 0.49 PT:CGT 0.64 0.30 0.25 0.46 

Substratew NS NS NS NS Substrate NS NS  NS NS 

Juniper         Juniper         

PB 0.26 0.16 0.24 d x 0.45 PB 0.64 0.53 0.45 0.74 

PB:CS 0.25 0.20 0.36 bc 0.40 PB:CS 0.81 0.60 0.59 0.64 

PB:CSN 0.19 0.23 0.35 bc 0.43 PB:CSN 0.68 0.73 0.59 0.72 

PB:CGT 0.20 0.15 0.28 cd 0.36 PB:CGT 0.63 0.71 0.77 0.81 

PT:CS 0.26 0.18 0.36 abc 0.41 PT:CS 0.73 0.70 0.55 0.87 

PT:CSN 0.19 0.19 0.39 ab 0.46 PT:CSN 0.77 0.69 0.58 0.81 

PT:CGT 0.28 0.27 0.44 a 0.44 PT:CGT 0.68 0.68 0.51 0.81 

Substrate NS NS 0.0037 NS Substrate NS NS NS NS 

z
 Plants were grown with overhead sprinkler irrigation black weed fabric covering the ground (OH), or low  

volume, volume spray stake irrigation and gravel covering the ground (LV). 
y 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS), 4:1 PB:CSN (PB:CSN), 9:1 PB:CGT  

(PB:CGT), 1:1 PT:CS (PT:CS), 1:1 PT:CSN (PT:CSN), and 4:1 PT:CGT (PT:CGT).  
x 
Means within a column with different letters are significantly different from each other based on lsd mean  

separation procedures (p>0.05). N=4. 
w
ANOVA effect of substrate within each sample date. NS=p>0.05, p-value given otherwise. 
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Table 6. Effect of substrate on the foliar nutrient concentrations of azalea and juniper, overhead only. (2010). 

Azalea 

           
Substratez N (%) P (%) K (%) Ca (%) Mg (%) S (%) Fe (mg.L-1) Mn (mg.L-1) Zn (mg.L-1) Cu (mg.L-1) B (mg.L-1) 

PB 1.37 0.15 cy 0.89 0.76 a 0.27 0.15 72.9 118.98 32.08 5.20 32.74 

PB:CS 1.36 0.15 bc 0.88 0.75 a 0.27 0.15 62.3 132.60 36.73 12.55 35.35 

PB:CSN 1.35 0.15 bc 0.87 0.75 a 0.27 0.15 76.0 128.75 30.10 5.95 32.40 

PB:CGT 1.43 0.15 c 0.86 0.69 ab 0.24 0.14 60.1 111.30 27.60 4.38 34.08 

PT:CS 1.49 0.17 ab 0.85 0.63 abc 0.26 0.16 60.5 101.10 36.08 5.15 36.73 

PT:CSN 1.63 0.18 a 0.90 0.56 c 0.23 0.16 58.5 68.83 30.83 4.20 34.38 

PT:CGT 1.54 0.18 ab 0.83 0.60 bc 0.23 0.15 62.9 95.40 39.18 8.13 35.88 

Substratex NS 0.0396 NS 0.024 NS NS NS NS NS NS NS 

Juniper 

           
PB 1.51 b 0.19 b 1.16 0.61 0.15 0.09 59.3 269.25 20.70 7.64 20.29 

PB:CS 1.71 b 0.19 b 1.15 0.63 0.15 0.11 54.2 250.25 21.68 8.10 21.00 

PB:CSN 1.70 b 0.20 b 1.14 0.67 0.16 0.10 53.2 295.00 20.20 7.20 20.80 

PB:CGT 1.71 b 0.19 b 1.13 0.60 0.16 0.10 51.3 288.50 24.18 8.63 20.78 

PT:CS 2.37 a 0.26 a 1.29 0.54 0.18 0.11 60.6 315.25 20.38 8.85 23.85 

PT:CSN 1.74 b 0.19 b 1.13 0.62 0.16 0.10 54.6 264.00 18.40 7.13 19.03 

PT:CGT 1.75 b  0.20 b 1.10 0.55 0.16 0.10 48.3 314.00 18.38 6.23 20.70 

Substrate 0.0015 0.0085 NS NS NS NS NS NS NS NS NS 
z 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS), 4:1 PB:CSN (PB:CSN), 9:1 PB:CGT (PB:CGT),  

1:1 PT:CS (PT:CS), 1:1 PT:CSN (PT:CSN), and 4:1 PT:CGT (PT:CGT).  
y 
Means within a column with different letters are significantly different from each other based on lsd mean  

separation procedures (p>0.05). N=3. 
x
ANOVA effect of substrate within each sample date. NS=p>0.05, p-value given otherwise. 
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Table 7. Effect of inoculation on disease suppression of ‘Hino’  

azalea (highly susceptible), ‘Sunglow’ azalea, and ‘Blue Pacific’  

juniper. (2010).  
‘Hino' Azalea  Foliar Rating  

Substratez 21-July 13-Aug   2-Sep  Root Rotx 

PB NSw NS 0.0211 0.0002 

PB:CS NS NS 0.0062 0.0002 

PB:CSN NS NS 0.0062 0.0002 

PB:CGT NS NS 0.0062 0.0002 

PT:CS NS NS 0.0062 0.0002 

PT:CSN NS NS 0.0211 0.0002 

PT:CGT NS NS 0.0062 0.0002 

‘Sunglow' Azalea    

Substrate 21-Jul 13-Aug   2-Sep  Root Rot 

PB NS NS NS NS 

PB:CS NS NS NS NS 

PB:CSN NS NS NS NS 

PB:CGT NS NS NS NS 

PT:CS NS NS NS NS 

PT:CSN NS NS NS NS 

PT:CGT NS NS NS NS 

Juniper     

Substrate 21-Jul 13-Aug   2-Sep  Root Rot 

PB NS NS NS NS 

PB:CS NS NS NS NS 

PB:CSN NS NS NS NS 

PB:CGT NS NS NS NS 

PT:CS NS NS NS NS 

PT:CSN NS NS NS NS 

PT:CGT NS NS NS NS 

z 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS),  

4:1 PB:CSN (PB:CSN), 9:1 PB:CGT (PB:CGT), 1:1 PT:CS  

(PT:CS), 1:1 PT:CSN (PT:CSN), and 4:1 PT:CGT (PT:CGT).  
y 
Foliar disease symptoms were recorded on a disease rating scale  

where 1=no disease, 2=slight disease (slight chlorosis), 3=  

stunting, necrosis, 4=dead plant.    
x 
At harvest root rot was assessed with a standard rating scale  

where 1= healthy, 2= fine roots necrotic, 3= coarse roots necrotic,  

4= crown rot, and 5= dead plant. 
w 

Linear contrasts testing rating of inoculated compared to  

control within each substrate. NS=p>0.05, p-value given  

otherwise.  
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Table 8. Effect of substrates on disease suppression of  

‘Hino’ azalea (highly susceptible) (2010).  

‘Hino' Azalea              Foliar Rating
y 

Substrate
z 

21-Jul 13-Aug 2-Sep Root Rot
x 

PB 1.2
w 

1.8 2.2b 2.2cd 

PB:CS 1.2 1.8 2.2b 2.6bc 

PB:CSN 1.0 1.8 2.6ab 2.6bc 

PB:CGT 1.0 1.8 2.8ab 2.6bc 

PT:CS 1.0 1.4 2.4ab 3.0ab 

PT:CSN 1.4 1.8 3.2a 3.2a 

PT:CGT 1.0 1.6 2.2b 1.6e 

Treatment
v 

NS NS <.0001 <.0001 
z 
The substrates consisted of: 100% PB, 4:1 PB:CS  

(PB:CS), 4:1 PB:CSN (PB:CSN), 9:1 PB:CGT (PB:CGT),  

1:1 PT:CS (PT:CS), 1:1 PT:CSN (PT:CSN), and 4:1  

PT:CGT (PT:CGT).  
y 
Foliar disease symptoms were recorded on a disease  

rating scale where 1=no disease, 2=slight disease (slight  

chlorosis), 3= stunting, necrosis, 4=dead plant.    
x 
At harvest root rot was assessed with a standard rating  

scale where 1= healthy, 2= fine roots necrotic, 3= coarse  

roots necrotic, 4= crown rot, and 5= dead plant. 
w 

Means within a column with different letters are  

significantly difference from each other based on  

Waller-Duncan K-ratio testing procedures (P>0.05).  

N=4. 
v
ANOVA effect of substrate within each sample date.  

NS=P>0.05, P-value given otherwise. 

  



60 

 

 

 

 

 

 

 

Table 9. Maximum and minimum temperature and  

rainfall during the experimental period in 2011. 

 

Maximum C (F)
z 

Minimum C (F) Rainfall cm (in)
y 

May 28.2 (82.8) 15.2 (59.3) 12.2 (4.8) 

June 33.3 (91.9) 19.8 (67.7) 4.8 (1.9) 

July 35.0 (95.0) 22.1 (71.7) 8.4 (3.3) 

August 33.0 (91.4) 21.2 (70.1) 23.3 (9.2) 

September 28.3 (82.9) 18.3 (65.0) 15.6 (6.1) 

October 22.1 (71.7) 8.8 (47.9) 7.3 (2.9) 
z
 Averages for each month (May, June, July and  

August). 
y
 Total rainfall for each month (May, June, July, and  

August).
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Table 10. Effect of pine bark (PB) based and whole pine tree (PT) based substrates amended with composted cotton  

stalks (CS), composted cotton stalks with a nitrogen source (CSN) and aged cotton gin trash (CGT) on total porosity  

(TP), air space (AS), container capacity (CC), available water (AW), unavailable water (UW), and bulk density (BD).  

(2011). 

Substrate (v/v)
z
 TP (% vol.) AS (% vol.) CC (% vol.) AW (% vol.) UW (% vol.) BD (g/cc

3
) 

  Initial
y 

Final Initial Final Initial Final Initial Final Initial Final Initial Final 

PB 79.7 83.7 33.9 ab
x 

27.3 abc 45.8 e  56.5 de 15.5 c 27.7 d 30.4 b 28.8 bc 0.22 b 0.21 a 

PB:CS 70.3 86.9 35.3 a 33.5 a 45.2 e 53.4 e 17.2 c 21.5 e 28.0 c 31.9 a 0.21 c 0.18 b 

PB:CSN 79.5 88.5 32.4 ab 30.6 ab 47.0 e 57.9 cd 16.7 c 26.0 d 30.3 b 32.0 a 0.22 b 0.18 b 

PB:CGT 71.8 80.3 29.4 bc 22.8 c 51.3 d 63.4 b 16.7 c 33.9 b 34.6 a 29.5 b 0.25 a 0.21 a 

PT:CS 85.5 83.8 15.0 e 23.7 bc 70.5 b 60.1 c 42.5 a 31.9 bc 28.0 c 28.2 c 0.15 f 0.13 e 

PT:CSN 89.0 82.4 14.6 e 24.4 bc 74.4 a 58.0 cd 43.7 a 28.3 cd 30.7 b 29.6 b 0.15 f 0.14 d 

PT:CGT 87.6 88.7 26.6 cd 21.5 c 61.0 c 67.2 a 34.4 b 41.1 a 26.7 cd 26.1 d 0.18 d 0.16 c 

PT 83.8 89.8 24.2 d 20.8 c 59.7 c 69.1 a 33.5 b 42.9 a 26.2 d 26.1 d 0.16 e 0.16 c 

Substrate
w 

NS NS <.0001 0.0182 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

BMP Guidelines
v
 50-85%   10-30%   45-65%   25-35% 

 

25-35%   0.19-0.70 g/cc 
z 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS), 4:1 PB:CSN (PB:CSN), 9:1 PB:CGT (PB:CGT),  

1:1 PT:CS (PT:CS), 1:1 PT:CSN (PT:CSN), 4:1 PT:CGT (PT:CGT), and 100% PT.  
y 
The substrates were sampled twice for physical analysis initially at potting (initial) and again at 22 weeks after  

planting (final).
 

x 
Means within a column with different letters are significantly different from each other based on lsd mean separation  

procedures (p>0.05). N=3. 
w
ANOVA effect of substrate within each sample date. NS=p>0.05, p-value given otherwise. 

v 
BMP = Best Management Practices recommended ranges (in percentages) for substrates used in general nursery  

production (Yeager et al., 2000).  
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Table 11. Particle size distribution of pine bark (PB) based and pine tree (PT) based substrates amended with  

composted cotton stalks (CS), cotton stalks composted with a nitrogen source (CSN), and aged cotton gin  

trash (CGT). (2011). 

Substrate (v/v)z 6.3mm   2mm   .71mm   0.5mm   0.25mm   0.106mm   fines 

 

 
Initialy Final Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final 

PB 17.3 bx 16.6 b 50.9 a 42.2 b 23.1 d 25.7 e 2.9 e 6.8 c 3.1 e 6.0 bc 2.0 bc 2.5 b 1.3 a 1.0 bc 

PB:CS 20.9 a 18.2 ab 46.9 b 46.6 a 22.7 d 26.2 de 4.1 d 3.8 d 3.6 de 3.4 d 1.6 cd 1.8 c 1.1 ab 0.9 c 

PB:CSN 19.3 ab 19.7 a 45.4 b 46.7 a 24.6 d 23.6 f 4.5 d 4.4 d 4.9 bcd 3.7 d 1.9 bc 1.9 c 1.0 ab 1.0 b 

PB:CGT 18.3 ab 16.2 b 46.7 b 39.8 bc 24.7 d 27.3 d 3.7 de 7.5 bc 3.7 cde 6.2 bc 2.4 ab 2.5 b 1.3 a 1.2 a 

PT:CS 0.2 c 0.3 d 32.1 d 39.2 bc 44.6 c 40.2 c 11.3 a 8.9 b 9.7 a 8.1 a 2.5 ab 3.3 a 0.5 cd 1.0 bc 

PT:CSN 2.6 c 0.3 d 32.6 d 38.2 c 49.7 b 42.4 b 9.0 c 8.5 b 5.3 b 7.8 ab 1.0 d 3.1 a 0.4 d 0.6  d 

PT:CGT 0.2 c 2.8 c 40.1 c 37.7 c 44.1 c 43.5 b 8.7 c 8.7 b 5.1 bc 5.9 c 1.8 bc 1.7 c 0.9 bc 0.5 e 

PT 0.1c 0.3 d 25.1 e 24.6 d 53.5 a 55.1 a 10.3 b 11.8 a 8.7 a 6.9 abc 2.7 a 1.7 c 0.6 cd 0.3 f 

Substratew <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0004 0.0018 <.0001 0.0001 <.0001 

z 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS), 4:1 PB:CSN (PB:CSN), 9:1 PB:CGT (PB:CGT), 1:1  

PT:CS (PT:CS), 1:1 PT:CSN (PT:CSN), 4:1 PT:CGT (PT:CGT), and 100% PT.  
y 
The substrates were sampled twice for physical analysis initially at potting (initial) and again at 22 weeks after  

planting (final). 
x 
Means within a column with different letters are significantly different from each other based on lsd mean  

separation procedures (p>0.05). N=3. 
w
ANOVA effect of substrate within each sample date. NS=p>0.05, p-value given otherwise. 
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Table 12. Effect of pine bark (PB) based and whole pine tree (PT) based substrates amended with  

composted cotton stalks (CS), composted cotton stalks with a nitrogen source (CSN) and aged cotton  

gin trash (CGT) on pH and electrical conductivity (EC). (2011). 
LV

z 
6/21  6/30  7/14  8/25  

Azalea pH EC(mS) pH EC(mS) pH EC(mS) pH EC(mS) 

PB
y 

5.9 c
x 

0.45 c 6.0 bc 0.68 6.2 cd 0.86 6.1 bc 0.34 

PB:CS 6.3 ab 0.60 bc 5.9 c 0.63 6.3 bc 0.73 6.2 bc 0.38 

PB:CSN 6.3 ab 0.68 abc 6.2 abc 0.80 6.5 bc 0.78 6.6 a 0.42 

PB:CGT 6.2 abc 0.41 c 6.3 a 0.45 6.6 ab 0.60 6.4 ab 0.45 

PT:CS 6.0 bc 0.91 a 6.3 ab 0.98 6.5 abc 1.30 5.7 d 0.74 

PT:CSN 6.4 a 0.64 abc 6.3 ab 1.01 6.8 a 0.94 6.1 bc 0.71 

PT:CGT 6.1 abc 0.57 bc 6.2 abc 0.67 6.4 bc 0.94 6.0 cd 0.47 

PT 5.2 d 0.86 ab 5.9 c 0.80 5.9 d 0.75 5.8 d 0.43 

Substrate
w 

<.0001 0.0395 0.0414 NS 0.0033 NS 0.0005 NS 

Juniper         

PB 6.1 b 0.57 b 6.0 b  0.58 6.2 c 0.60 6.1 ab 0.34 

PB:CS 6.3 ab 0.80 b 6.0 b 1.10 6.4 abc 1.03 6.3 a 0.44 

PB:CSN 6.4 ab 0.58 b 6.4 a 0.65 6.6 a 0.79 6.4 a 0.61 

PB:CGT 6.4 a 0.64 b 6.4 a 0.78 6.5 ab 1.00 6.4 a 0.43 

PT:CS 6.4 a 1.22 a 6.4 a 1.61 6.3 bc 1.66 5.6 de 0.51 

PT:CSN 6.2 ab 0.84 ab 6.2 ab 1.21 6.3 c 1.27 5.8 cd  0.47 

PT:CGT 6.5 a 0.94 ab 6.4 a 1.02 6.2 c 1.41 6.0 bc 0.61 

PT 5.1 c 0.68 b 5.2 c 0.67 5.9 d 0.80 5.5 e 0.39 

Substrate <.0001 0.0398 <.0001 NS 0.0003 NS <.0001 NS 
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Table 12. Continued 
OH  6/17  6/30   7/14   8/25   

Azalea         

PB 6.0 b  0.52 b 6.1 c 0.39 d 6.3 a 0.54 cd 6.1 0.21 d 

PB:CS 6.2 ab 0.58 b 6.2 c 0.50 cd 6.3 a  0.75 bcd 6.0 0.30 c 

PB:CSN 6.2 ab 0.48 b 6.2 c 0.50 cd 6.2 a 0.52 d 6.1 0.27 cd 

PB:CGT 6.3 ab 0.71 ab 6.3 bc 0.60 bc 6.4 a 0.78 bcd 6.0 0.27 cd 

PT:CS 6.5 a 0.77 ab 6.5 ab 0.74 b 6.2 a 0.94 b 5.7 0.42 b 

PT:CSN 6.6 a 0.95 a 6.6 a 0.95 a 6.3 a 1.32 a 5.7 0.50 a 

PT:CGT 6.5 ab 1.02 a 6.6 a 0.60 bc  6.2 a 0.92 b 5.8 0.30 c 

PT 5.5 c 0.77 ab 5.6 d 0.72 b 5.8 b 0.81 bc 5.5 0.32 c 

Substrate 0.0027 0.0202 <.0001 0.0008 0.0344 0.0009 NS <.0001 

Juniper         

PB 6.0 c 0.60 e 6.1 cd 0.52 6.3 a 0.87 cd 5.9 ab 0.21 c 

PB:CS 6.3 abc 0.66 de 6.2 bc 0.55 6.2 ab 1.08 bcd 5.8 ab 0.23 bc 

PB:CSN 6.2 bc 0.62 e 6.1 bc 0.62 6.3 a 0.81 d 6.0 a 0.22 c 

PB:CGT 6.3 abc 0.78 cde 6.3 ab 0.72 6.3 a 1.05 bcd 6.0 a 0.24 bc 

PT:CS 6.4 ab 0.95 bc 5.9 d 0.84 5.6 c 1.50 ab 5.7 ab 0.24 bc 

PT:CSN 6.7 a 0.87 cd 6.5 a 0.94 6.0 b 1.76 a 5.7 b 0.39 a 

PT:CGT 6.6 a 1.12 ab 6.2 bc 0.79 6.0 b 1.12 bcd  5.7 ab 0.37 a 

PT 4.9 d 1.26 a 4.9 e 0.85 5.1 d 1.31 abc 5.1 c 0.31 ab 

Substrate <.0001 0.0001 <.0001 0.0061 <.0001 0.012 0.0005 0.0014 
z
 Plants were grown with overhead sprinkler irrigation black weed fabric covering the ground (OH), or 

 low volume,  volume spray stake irrigation and gravel covering the ground (LV). 
y 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS), 4:1 PB:CSN (PB:CSN), 9:1 PB:CGT  

(PB:CGT), 1:1 PT:CS (PT:CS), 1:1 PT:CSN (PT:CSN), 4:1 PT:CGT (PT:CGT), and 100% PT.  
x 
Means within a column with different letters are significantly different from each other based on lsd mean  

separation procedures (p>0.05). N=3. 
w
ANOVA effect of substrate within each sample date. NS=p>0.05, p-value given otherwise.  
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Table 13. Effect of substrate on the substrate solution nutrient concentrations of azalea and juniper. 2011. 

 Inorganic N  Urea  P  K  Ca  Mg  S  Fe  Mn  Zn  Cu  B  

                 ---------------------------------------------------------------------------------mg.L-1-------------------------------------------------------------------------------------------------------- 

OHz 

            
30-Juny                         

Azalea             

PBx 18.0 bx 0.32 1.3 d 38.2 d 8.3 b 6.7 23.5 0.080 ab 0.007 b 0.020 0.013 0.040 d 

PB:CS 25.8 b 0.51 2.6 cd 55.0 bcd 10.0 b 8.4 24.5 0.093 a 0.000 b 0.020 0.010 0.063 d 

PB:CSN 24.5 b 0.42 2.4 cd 58.9 bcd 9.6 b 8.6 32.3 0.057 abcd 0.007 b 0.030 0.043 0.060 d 

PB:CGT 22.0 b 0.32 3.2 c 73.6 ab 12.7 b 10.2 28.7 0.070 abc 0.003 b 0.030 0.013 0.080 bcd 

PT:CS 29.3 b 0.48 3.1 cd 73.9 ab 11.8 b 9.6 30.0 0.020 d 0.000 b 0.020 0.013 0.110 bc 

PT:CSN 61.5 a 0.20 5.5 b 83.9 a 22.4 a 20.0 41.1 0.027 cd 0.003 b 0.027 0.023 0.120 b 

PT:CGT 33.4 b 0.13 10.0 a 66.0 abc 21.4 a 14.4 26.6 0.037 bcd 0.000 b 0.027 0.020 0.190 a 

PT 66.4 a 2.78 3.5 c 45.0 cd 11.8 b 9.6 28.9 0.047 bcd 0.063 a 0.030 0.030 0.073 cd 

Substratev 0.0030 NS <.0001 0.0206 0.0175 NS NS 0.0370 <.0001 NS NS 0.0001 

Juniper                         

PB 34.8 c 0.31 2.0 d 60.8 14.1 b 12.1 bc 27.7 bc 0.057 0.000 c 0.020 b 0.013 0.063 b 

PB:CS 37.6 c 0.39 3.3 cd 50.3 12.7 b 11.6 bc 17.5 d 0.030 0.003 c 0.020 b 0.013 0.063 b 

PB:CSN 43.1 c  0.25 3.7 cd 71.6 15.2 b  13.5 bc 24.2 bcd 0.047 0.000 c 0.023 b 0.010 0.070 b 

PB:CGT 41.3 c 0.43 4.5 cd 89.7 13.5 b 11.0 c 22.4 cd 0.070 0.000 c 0.023 b 0.013 0.087 b 

PT:CS 93.5 ab 0.38 8.1 bc 62.6 17.8 b 15.2 bc 23.8 cd 0.013 0.027 b 0.033 b 0.033 0.130 b 

PT:CSN 81.3 ab 0.21 10.9 b 88.8 28.4 a 24.4 a 38.8 a 0.033 0.007 c 0.027 b 0.017 0.220 a 

PT:CGT 67.5 bc 0.31 16.7 a 78.2 33.4 a 19.3 ab 30.3 abc 0.033 0.007 c 0.030 b 0.017 0.207 a 

PT 101.7 a 0.53 6.7 bcd 61.4 10.6 b 10.0 c 33.1 ab 0.047 0.110 a 0.053 a 0.030 0.077 b 

Substrate 0.0020 NS 0.0003 NS 0.0003 0.0196 0.0046 NS <.0001 0.0213 NS 0.0004 
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Table 13. Continued.  

4-Aug                         

 Azalea             

PB 15.1 0.07 2.3 b 26.8 9.9 7.8 20.4 0.103 a 0.007 0.023 0.013 0.043 cd 

PB:CS 20.7 0.21 2.8 b 29.2 10.7 8.4 21.8 0.070 bc 0.017 0.030 0.017 0.050 bcd 

PB:CSN 30.3 0.15 4.3 b 38.0 12.6 10.5 22.7 0.050 cd 0.030 0.063 0.040 0.047 cd 

PB:CGT 18.5 0.34 3.9 b 33.7 9.7 6.5 16.3 0.083 ab 0.007 0.023 0.013 0.053 bcd 

PT:CS 45.9 0.03 6.5 b 33.5 17.3 13.4 22.9 0.017 e 0.033 0.033 0.013 0.093 ab 

PT:CSN 65.8 0.19 7.5 ab 42.9 15.5 12.1 27.5 0.017 e 0.077 0.037 0.020 0.087 abc 

PT:CGT 40.8 0.27 13.9 a 34.5 24.8 13.8 26.2 0.027 de 0.047 0.057 0.057 0.110 a 

PT 25.7 0.08 3.6 b 26.0 8.2 5.6 22.1 0.040 cde 0.040 0.030 0.020 0.040 

Substrate NS NS 0.0383 NS NS NS NS 0.0003 NS NS NS 0.0244 

Juniper                         

PB 14.9 c 0.22 3.5 cd 20.8 c 9.3 6.7 13.6 de 0.050 0.013 bc 0.023 0.010 0.047 

PB:CS 14.2 c 0.07 3.1 d 19.1 c 7.0 4.7 10.2 e 0.047 0.010 c 0.027 0.010 0.040 

PB:CSN 19.0 c 0.23 4.5 cd 24.4 bc 11.7 8.6 15.7 cde 0.093 0.017 bc 0.020 0.010 0.060 

PB:CGT 14.1 c 0.17 4.1 cd 23.3 bc 9.7 6.7 12.3 e 0.050 0.000 c 0.017 0.010 0.053 

PT:CS 44.7 b 0.00 6.6 abc 35.7 ab 13.7 8.1 27.8 ab 0.017 0.040 b 0.027 0.013 0.060 

PT:CSN 71.0  a 0.17 9.7 a 45.9 a 20.4 12.0 30.2 a 0.023 0.073 a 0.040 0.010 0.100 

PT:CGT 34.3 bc 0.25 8.1 ab 29.5 bc 18.5 7.3 21.4 bcd 0.027 0.023 bc 0.030 0.013 0.063 

PT 36.4 bc 0.19 5.2 bcd 31.9 bc 5.9 4.0 22.5 abc 0.027 0.080 a 0.027 0.013 0.037 

Substrate 0.0020 NS 0.0073 0.0143 NS NS 0.0005 NS 0.0002 NS NS NS 
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Table 13. Continued. 

4-Oct                         

 Azalea             

PB 5.5 0.10 1.8 8.2 3.5 2.0 10.5 0.070 0.010 0.013 0.003 0.007 

PB:CS 6.2 0.06 1.7 8.7 3.2 2.0 9.0 0.100 0.010 0.047 0.000 0.010 

PB:CSN 6.0 0.05 2.0 8.9 2.7 1.6 8.7 0.033 0.013 0.010 0.003 0.007 

PB:CGT 6.3 0.10 2.0 10.4 3.7 2.0 10.7 0.043 0.007 0.010 0.010 0.013 

PT:CS 5.3 0.16 1.5 6.6 3.4 1.7 8.8 0.010 0.003 0.010 0.003 0.007 

PT:CSN 8.3 0.17 2.1 11.7 3.5 2.1 11.8 0.017 0.037 0.020 0.010 0.007 

PT:CGT 4.2 0.09 1.7 6.6 4.5 2.0 9.4 0.023 0.007 0.017 0.003 0.013 

PT 3.7 0.10 1.4 7.7 3.1 1.6 11.3 0.013 0.020 0.013 0.003 0.017 

Substrate NS NS NS NS NS NS NS NS NS NS NS NS 

Juniper                         

PB 2.7 b 0.16 1.3 b 6.8 b 5.1 b 2.7 b 11.9 b 0.087 0.013 b 0.013 b 0.000 0.013 bc 

PB:CS 3.1 b 0.04 1.3 b 6.1 b 5.2 b 2.8 b 12.8 b 0.053 0.013 b 0.013 b 0.003 0.010 c 

PB:CSN 2.6 b 0.09 1.3 b 5.7 b 5.2 b 2.9 b 12.6 b 0.057 0.007 b 0.020 b 0.003 0.013 bc 

PB:CGT 3.4 b 0.10 1.5 b 6.4 b 5.3 b 2.8 b 11.0 b 0.040 0.003 b 0.013 b 0.003 0.013 bc 

PT:CS 5.9 b 0.11 2.0 b 9.4 b 5.5 b 3.4 b 13.5 b 0.007 0.020 b 0.013 b 0.000 0.020 ab 

PT:CSN 4.3 b 0.08 1.8 b 6.7 b 5.8 b 3.1 b 13.3 b 0.010 0.033 b 0.020 b 0.000 0.017 abc 

PT:CGT 14.8 a 0.23 6.0 a 20.7 a 12.7 a 5.9 a 21.3a 0.020 0.017 b 0.017 b 0.003 0.023 a 

PT 5.0 b 0.22 2.2 b 10.3 b 5.7 b 2.8 b 18.4 a 0.027 0.070 a 0.060 a 0.003 0.010 c 

Substrate 0.0154 NS 0.0006 0.0017 0.0109 0.0348 0.0054 NS 0.0142 0.0313 NS 0.0369 
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Table 13. Continued. 

LV 
            

30-Jun                         

 Azalea             

PB 30.7 0.20 c 1.8 c 57.2 16.7 14.9 45.6 0.133 0.023 b 0.040 0.020 0.077 bc 

PB:CS 32.4 0.78 b 2.5 bc 52.0 11.9 11.2 30.0 0.083 0.007 b 0.027 0.020 0.077 bc 

PB:CSN 42.8 0.85 ab 3.4 bc 67.5 15.3 14.7 39.5 0.093 0.033 b 0.043 0.030 0.083 bc 

PB:CGT 21.0 1.13 a 2.2 c 26.0 12.1 9.0 21.6 0.063 0.003 b 0.017 0.017 0.063 c 

PT:CS 56.1 0.13 c 5.4 ab 80.8 25.3 23.5 44.2 0.023 0.000 b 0.017 0.007 0.147 ab 

PT:CSN 53.0 0.77 b 5.5 ab 96.5 23.6 20.1 48.1 0.077 0.007 b 0.017 0.007 0.143 b 

PT:CGT 22.9 0.82 ab 6.8 a 86.5 22.9 14.0 38.0 0.100 0.007 b 0.040 0.017 0.223 a 

PT 49.2 1.08 ab 2.4 bc 41.0 12.9 13.8 37.9 0.053 0.177 a 0.033 0.010 0.080 bc 

Substrate NS 0.0001 0.0247 NS NS NS NS NS 0.0016 NS NS 0.0086 

Juniper                         

PB 34.3 1.03 ab 2.2 b 42.4 12.2 c 10.4 c 31.1 0.120 b 0.017 b 0.030 0.010 0.070 c 

PB:CS 70.1 0.86 b 3.9 b 99.2 28.8 ab 29.1 ab 51.7 0.093 b 0.017 b 0.027 0.010 0.117 bc 

PB:CSN 40.8 1.27 a 3.4 b 56.5 14.4 bc 13.9 bc 28.8 0.110 b 0.013 b 0.030 0.027 0.080 bc 

PB:CGT 43.6 1.28 a 4.0 b 85.7 16.4 bc 14.1 bc 32.8 0.193 a 0.033 b 0.043 0.053 0.113 bc 

PT:CS 108.6 0.34 c 15.0 a 186.9 35.3 a 33.2 a 62.0 0.017 d 0.013 b 0.020 0.007 0.260 a 

PT:CSN 78.3 0.12 c 10.3 a 114.2 33.3 a 30.3 ab 49.0 0.070 bcd 0.007 b 0.023 0.010 0.180 ab 

PT:CGT 66.2 0.37 c 15.1 a 95.6 33.7 a 22.8 abc 40.3 0.033 cd 0.010 b 0.013 0.010 0.280 a 

PT 52.3 0.22 c 3.3 b 37.4 10.9 c 9.4 c 30.1 0.073 bc 0.293 a 0.040 0.013 0.067 c 

Substrate NS <.0001 0.0002 NS 0.0117 0.0382 NS 0.0002 <.0001 NS NS 0.0017 
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Table 13. Continued. 

4-Aug                         

Azalea             

PB 23.5 0.72 ab 3.0 d 32.6 11.0 9.9 24.8 0.090 a 0.013 cd 0.023 0.013 0.047 c 

PB:CS 38.8 0.46 bc 5.3 cd 41.4 20.3 18.3 30.8 0.040 bc 0.020 bcd 0.043 0.020 0.067 bc 

PB:CSN 46.6 1.00 a 6.2 bcd 60.8 22.4 21.9 38.5 0.040 bc 0.003 d 0.023 0.013 0.067 bc 

PB:CGT 22.5 0.68 ab 4.5 d 26.5 18.5 12.6 25.0 0.030 c 0.000 d 0.020 0.010 0.047 c 

PT:CS 65.6 0.62 abc 9.5 ab 56.1 16.0 13.8 35.6 0.013 c 0.043 ab 0.010 0.003 0.123 a 

PT:CSN 53.4 0.71 ab 8.3 bc 43.2  19.4 19.1 36.2 0.013 c 0.037 abc 0.023 0.007 0.100 ab 

PT:CGT 29.8 0.60 abc 12.7 a 35.7 25.8 13.5 27.6 0.037 bc 0.033 abc 0.030 0.020 0.100 ab 

PT 23.5 0.23 c 4.8 d 34.6 9.8 8.5 31.4 0.060 b 0.053 a 0.033 0.013 0.057 c 

Substrate NS NS 0.0005 NS NS NS NS 0.0007 0.0091 NS NS 0.0017 

Juniper                         

PB 20.9 c 0.96 abc 4.4 d 30.2 11.8 bc 9.2 21.3 d 0.093 a 0.020 b 0.020 bc 0.013 a 0.060 b 

PB:CS 40.9 b 0.52 d 7.4 cd 53.7 21.5 b 20.3 30.2 bcd 0.057 bc 0.020 b 0.030 a 0.010 ab 0.087 b 

PB:CSN 32.4 bc 0.76 cd 6.2 cd 41.4 15.5 bc 13.6 23.7 cd 0.060 ab 0.020 b 0.027 ab 0.013 a 0.067 b 

PB:CGT 32.4 bc 0.78 cd 7.7 cd 34.0 19.9 b 15.7 24.0 bcd 0.023 cd 0.007 b 0.023 abc 0.007 b 0.070 b 

PT:CS 68.1 a 1.21 a 13.3 b 52.3 18.5 b 13.7 39.4 a 0.017 d 0.060 a 0.017 c 0.000 c 0.143 a 

PT:CSN 62.5 a 1.11 ab 11.1 bc 45.8 18.4 b 13.3 31.8 abc 0.027 bcd 0.060 a 0.020 bc 0.010 ab 0.093 b 

PT:CGT 61.0 a 0.86 bc 24.6 a 53.2 32.4 a 14.9 32.9 ab 0.023 cd 0.040 ab  0.020 bc 0.010 ab 0.143 a 

PT 32.5 bc 0.51 d 5.8 d 37.9 6.8 c 5.3  31.5 abc 0.053 bc 0.063 a 0.023 abc 0.010 ab 0.057 b 

Substrate 0.0004 0.0021 <.0001 NS 0.0050 NS 0.0132 0.0053 0.0146 0.0314 0.0036 0.0038 
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Table 13. Continued. 

4-Oct                         

 Azalea             

PB 3.4 b 0.01 c 1.1 7.9 b 2.8 2.3 9.5 cd 0.053 a 0.007 0.013 0.007 0.003 bc 

PB:CS 2.8 b 0.00 c 1.1 5.3 b 2.2 1.7 7.4 d 0.030 bc 0.010 0.013 0.003 0.000 c 

PB:CSN 3.0 b 0.00 c 1.1 6.1 b 3.1 2.4 8.6 cd 0.030 bc 0.003 0.010 0.000 0.000 c 

PB:CGT 2.8 b 0.05 c 1.3 6.5 b 4.4 2.9 11.4 cd 0.040 ab 0.013 0.010 0.000 0.000 c 

PT:CS 11.9 a 0.16 b 3.9 17.0 a 7.5 5.8 19.3 ab 0.007 d 0.027 0.010 0.003 0.013 a 

PT:CSN 6.1 b 0.00 c 2.4 11.6 ab 4.0 3.1 12.5 bcd 0.010 cd 0.023 0.013 0.003 0.007 abc 

PT:CGT 5.6 b 0.32 a 4.7 12.5 ab 7.0 4.5 14.9 abc 0.010 cd 0.017 0.017 0.010 0.010 ab 

PT 8.3 ab 0.00 c 3.1 17.6 a 4.5 3.9 20.4 a 0.020 bcd 0.023 0.017 0.007 0.010 ab 

Substrate 0.0369 <.0001 NS 0.0289 NS NS 0.0133 0.0019 NS NS NS 0.0363 

Juniper                         

PB 4.1 0.00 1.4 c 8.8 4.2 ef 3.1 c 10.0 e 0.057 a 0.017 0.010 0.000 c 0.010 b 

PB:CS 2.8 0.00 1.6 c 7.4 3.7 f 3.2 bc 9.7 e 0.040 ab 0.003 0.010 0.007 ab 0.007 bc 

PB:CSN 4.6 0.06 2.1 bc 9.7 5.2 cde 4.2 ab 12.6 de 0.037 abc 0.003 0.013 0.000 c 0.003 c 

PB:CGT 5.2 0.00 2.7 b 10.6 7.0 ab 5.0 a 14.8 cd 0.057 a 0.013 0.010 0.010 a 0.020 a 

PT:CS 3.3 0.00 2.2 bc 9.6 5.8 bcd 4.0 abc 16.7 bc 0.013 d 0.013 0.010  0.000 c 0.010 b 

PT:CSN 2.7 0.00 2.2 bc 9.1 6.1 bc 4.2 abc 21.0 a 0.020 bcd 0.010 0.010 0.000 c 0.010 b 

PT:CGT 3.3 0.03 4.2 a 10.3 8.3 a 3.5 bc 16.0 bcd 0.017 cd 0.010 0.010 0.003 bc 0.010 b 

PT 5.0 0.06 2.5 b 15.3 4.4 def 3.6 bc 18.6 ab 0.020 bcd 0.027 0.017 0.003 bc 0.010 b 

Substrate NS NS 0.0004 NS <.0001 0.0362 <.0001 0.0017 NS NS 0.0110 0.0004 
z 
Plants were grown with overhead sprinkler irrigation black weed fabric covering the ground (OH), or low volume, 

 volume spray stake irrigation and gravel covering the ground (LV). 
y
 The substrate solution was collected and measured for nutrient concentrations on four dates, 6/30, 9/4, and 10/4. 

x 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS), 4:1 PB:CSN (PB:CSN), 9:1 PB:CGT (PB:CGT), 1:1 PT:CS 

 (PT:CS), 1:1 PT:CSN (PT:CSN), 4:1 PT:CGT (PT:CGT), and 100% PT.  
w 

Means within a column with different letters are significantly different from each other based on lsd mean  

separation procedures (p>0.05). N=3. 
v 
ANOVA effect of substrate within each sample date. NS=p>0.05, p-value given otherwise. 
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Table 14. Effect of substrate and irrigation on leaching fraction  

(volume leached ÷ volume applied). (2011). 
LVz 

 

          

Azalea 6/10 6/25 7/12 7/30 8/24 9/15 

PBy 0.23 bx 0.22 0.35 0.11 de 0.23 c 0.23 a 

PBCS 0.19 b  0.29 0.19  0.14 bcd 0.28 bc 0.27 a 

PBCSN 0.19 b 0.27 0.22 0.12 cde 0.33 ab 0.24 a 

PBCGT 0.20 b .  0.23 0.20 ab 0.32 ab 0.22 a 

PTCS 0.35 a 0.41 0.19 0.07 e 0.23 c 0.06 b 

PTCSN 0.19 b 0.26 0.23 0.22 a 0.26 bc 0.24 a 

PTCGT 0.13 b 0.28 0.26 0.12 cde 0.38 a 0.05 b 

PT 0.35 a 0.25 0.32 0.18 abc 0.37 a 0.24 a 

Substratew 0.0071 NS NS 0.0025 0.0071 0.0018 

 Juniper       

PB 0.22 cd 0.32 0.33 0.17 c 0.32 0.30 

PBCS 0.36 a 0.31 0.28 0.17 c 0.33 0.29 

PBCSN 0.26 bcd 0.38 0.35  0.40 a 0.28 0.17 

PBCGT 0.20 d 0.37 0.30 0.26 b 0.34 0.28 

PTCS 0.28 bc 0.24 0.33 0.23 bc 0.25 0.26 

PTCSN 0.30 ab 0.32 0.35 0.16 c 0.24 0.21 

PTCGT 0.20 d 0.33 0.30 0.22 bc 0.21 0.24 

PT 0.31 ab 0.38 0.45 0.18 bc 0.34 0.18 

Substrate 0.0022 NS NS 0.0003 NS NS 

OH 

 

          

 Azalea 6/10 6/25 7/12 7/2 8/24 9/2 

PB 0.26 0.21 0.20 0.19 0.81 0.53 

PBCS 0.38 0.32 0.23 0.19 0.67 0.74 

PBCSN 0.23 0.22 0.13 0.18 0.46 0.10 

PBCGT 0.25 0.13 0.26 0.13 0.53 0.08 

PTCS 0.19 0.25 0.20 0.19 0.44 0.12 

PTCSN 0.19 0.24 0.15 0.14 0.46 0.19 

PTCGT 0.13 0.30 0.20 0.15 0.99 0.15 

PT 0.20 0.17 0.20 0.20 0.45 0.14 

Substrate NS NS NS NS NS NS 
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Table 14. Continued. 
Juniper 

PB 0.31 0.39 0.56 0.49 0.81 0.54 

PBCS 0.39 0.38 0.47 0.48 0.95 0.67 

PBCSN 0.34 0.36 0.54 0.48 0.85 0.48 

PBCGT 0.23 0.20 0.42 0.32 0.71 0.44 

PTCS 0.34 0.30 0.49 0.27 0.74 0.50 

PTCSN 0.24 0.16 0.40 0.21 0.72 0.51 

PTCGT 0.24 0.23 0.40 0.30 0.74 0.55 

PT 0.26 0.27 0.43 0.30 0.75 0.47 

Substrate NS NS NS NS NS NS 
z
 Plants were grown with overhead sprinkler irrigation black weed fabric  

covering the ground (OH), or low volume, volume spray stake irrigation and 

 gravel covering the ground (LV). 
y 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS), 4:1 PB:CSN  

(PB:CSN), 9:1 PB:CGT (PB:CGT), 1:1 PT:CS (PT:CS), 1:1 PT:CSN  

(PT:CSN), 4:1 PT:CGT (PT:CGT), and 100% PT. 
x 
Means within a column with different letters are significantly different from 

 each other based on lsd mean separation procedures (p>0.05). N=3. 
w
ANOVA effect of substrate within each sample date. NS=p>0.05, p-value  

given otherwise. 
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Table 15. Effect of substrate on the foliar nutrient concentrations of azalea and juniper with overhead and low-volume  

irrigation. (2011). 

LVz                       

Azalea N (%) P (%) K (%) Ca (%) Mg (%) S (%) Fe (mg.L-1) Mn (mg.L-1) Zn (mg.L-1) Cu (mg.L-1) B (mg.L-1) 

PBy 1.57 cx 0.13 e 0.76 0.53 b 0.25 cd 0.14 e 82.5 59.4 29.4 39.2 37.3 cd 

PB:CS 1.73 c 0.15 bc 0.87 0.53 b 0.28 ab 0.14 de 85.2 58.6 21.4 4.7 39.3 bc 

PB:CSN 1.70 c 0.15 bcd 0.78 0.52 b 0.26 abc 0.14 cde 88.4 65.0 24.5 6.5 37.6 cd 

PB:CGT 1.61 c 0.14 cde 0.77 0.68 a 0.28 a 0.15 bcd 85.7 55.4 22.6 4.6 43.3 ab 

PT:CS 2.26 a 0.20 a 0.87 0.42 c 0.26 bcd 0.16 a 99.5 59.1 30.1 9.4 44.2 a 

PT:CSN 2.05 ab 0.17 b 0.91 0.48 bc 0.26 bcd 0.16 ab 92.6 66.0 27.9 7.0 43.9 ab 

PT:CGT 1.98 b 0.21 a 0.86 0.45 c 0.24 d 0.16 abc 85.2 52.6 24.1 5.8 45.9 a 

PT 1.73 c 0.13 de 0.79 0.53 b 0.24 d 0.15 cde 99.0 54.3 33.0 9.6 34.1 d 

Substratew <.0001 <.0001 NS <.0001 0.0007 0.0006 NS NS NS NS <.0001 

Recommendedv 

1.46-2.48 0.09-0.19 1.30-1.79 .55-1.10 0.19-0.30 0.13-0.31 30-138 425-516 30-63 4-19 36-76 

OH                       

PB 1.64 cd 0.14 d 0.74 de 0.71 a 0.27 0.17 cd 80.5 77.8 25.8 5.2 45.2 bc 

PB:CS 1.73 c 0.17 bc 0.83 bc 0.60 cd 0.26 0.17 cd 76.7 71.0 30.5 6.9 45.3 bc 

PB:CSN 1.76 c 0.15 cd 0.78 cde 0.58 de 0.25 0.17 cd 79.9 58.6 23.2 6.3 43.1 bc 

PB:CGT 1.56 d 0.15 cd 0.71 e 0.64 bc 0.25 0.16 d 78.2 60.5 27.3 5.6 44.1 bc 

PT:CS 2.17 a 0.21 a 1.00 a 0.52 f 0.27 0.20 ab 79.9 69.3 26.5 6.6 50.6 a 

PT:CSN 1.98 b 0.17 bc 0.89 b 0.54 ef 0.26 0.18 bc 84.9 69.3 25.4 5.6 45.6 bc 

PT:CGT 1.80 c 0.18 b 0.81 bcd 0.63 bc 0.26 0.17 cd 75.9 61.7 21.5 4.8 46.9 ab 

PT 1.79 c 0.17 bc 0.86 bc 0.65 b 0.26 0.20 a 85.2 82.5 26.2 4.9 41.6 c 

Substrate <.0001 <.0001 <.0001 <.0001 NS <.0001 NS NS NS NS 0.0344 
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Table 15. Continued. 

LV                       

Juniper            

PB 1.77 b 0.16 cd 1.11 0.72 bc 0.18 0.11 c 86.7 131.9 c 20.9 5.8 21.6 c 

PB:CS 1.76 b 0.16 d 1.10 0.64 c 0.17 0.10 c 79.4 140.7 c 18.5 5.2 22.1 c 

PB:CSN 1.79 b 0.18 cd 1.09 0.64 c 0.17 0.11 bc 84.5 190.0 ab  20.2 4.2 23.4 bc 

PB:CGT 1.79 b 0.16 cd 1.12 0.74 b 0.18 0.10 c 77.5 116.9 c 19.8 4.3 22.9 c 

PT:CS 2.61 a 0.22 ab 1.13 0.68 bc 0.17 0.11 bc 69.9 224.7 a 22.1 6.2 27.4 ab 

PT:CSN 2.32 a 0.19 bc 1.14 0.70 bc 0.17 0.11 bc 71.8 191.9 ab 20.2 5.8 24.9 bc 

PT:CGT 2.44 a 0.22 ab 1.09 0.83 a 0.16 0.12 b 75.9 205.7 ab 30.0 49.6 30.2 a 

PT 2.55 a 0.24 a 1.08 0.69 bc 0.17 0.14 a 76.9 178.1 b 26.6 14.2 23.2 c 

Substrate <.0001 <.0001 NS 0.0010 NS 0.0001 NS <.0001 NS NS 0.0008 

Recommendedv 1.22-1.80 0.16-0.20 0.81-1.22 0.61-0.70 0.08-0.12 0.10-0.13 55-193 248-529 13-34 3-5 22-34 

OH 
                     

PB 1.44 c 0.15 d 1.10 c 0.66 a 0.14 .10 d 54.2 247.6 de 23.6 4.8 19.4 e 

PB:CS 1.67 c 0.17 cd 1.17 abc 0.66 a 0.14 .10 cd 54.0 284.7 cd 21.3 3.9 21.4 de 

PB:CSN 1.67 c 0.18 bc 1.13 c 0.64 ab 0.14 .11 bc 58.3 285.9 cd 29.1 5.5 22.3 d 

PB:CGT 1.70 c 0.17 cd 1.15 bc 0.72 a 0.14 .11 bcd 56.9 270.5 cd 21.6 3.5 23.0 cd 

PT:CS 2.66 a 0.22 a 1.28 a 0.68 a 0.15 .12 ab 57.5 346.0 b 21.7 5.7 26.6 ab 

PT:CSN 2.34 b 0.21 a 1.29 a 0.68 a 0.14 .12 ab 53.4 410.0 a 21.4 3.9 25.0 bc 

PT:CGT 2.27 b 0.20 ab 1.30 a 0.69 a 0.13 .11 ab 72.3 320.1 bc 21.6 5.8 27.5 a 

PT 2.16 b 0.21 a 1.27 ab 0.56 b 0.14 .12 a 58.9 210.5 e 19.7 6.9 22.9 cd 

Substrate <.0001 <.0001 0.0054 0.0358 NS 0.0003 NS  <.0001 NS NS <.0001 

z
 Plants were grown with overhead sprinkler irrigation black weed fabric covering the ground (OH), or low volume, spray stake irrigation  

and gravel covering the ground (LV). 
y 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS), 4:1 PB:CSN (PB:CSN), 9:1 PB:CGT (PB:CGT), 1:1 PT:CS (PT:CS),  

1:1 PT:CSN (PT:CSN), 4:1 PT:CGT (PT:CGT), and 100% PT. 
x 
Means within a column with different letters are significantly different from each other based on lsd mean separation procedures  

(p>0.05). N=8. 
w
ANOVA effect of substrate within each sample date. NS=p>0.05, p-value given otherwise. 

v
 Recommendations from Mills et al. (1996).  
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Table 16. Effect of inoculation on disease suppression of ‘Hino’  

azalea (highly susceptible), ‘Sunglow’ azalea, and ‘Blue Pacific’  

juniper. (2011).  
‘Hino' Azalea  Foliar Rating

y 
  

Substrate
z 

14-Jul
 

2-Aug 16-Aug 30-Aug Root Rot
x 

PB 0.001
w 

0.001 0.0007 0.0038 0.0001 

PB:CS 0.001 0.001 0.0007 0.0038 0.0001 

PB:CSN 0.001 0.001 0.0007 0.0038 0.0001 

PB:CGT 0.001 0.001 0.0007 0.0038 0.0001 

PT:CS 0.001 0.001 0.0007 0.0038 0.0001 

PT:CSN 0.023 0.005 0.0104 0.0244 0.0001 

PT:CGT 0.001 0.001 0.0007 0.0038 0.0001 

‘Sunglow' Azalea     

Substrate      

PB NS NS NS NS NS 

PB:CS NS NS NS NS NS 

PB:CSN NS NS NS NS NS 

PB:CGT NS NS NS NS NS 

PT:CS NS NS NS NS NS 

PT:CSN NS NS NS NS NS 

PT:CGT NS NS NS NS NS 

Juniper      

Substrate      

PB 0.0117 NS NS NS NS 

PB:CS 0.0117 NS NS NS NS 

PB:CSN 0.0117 NS NS NS NS 

PB:CGT 0.0117 NS NS NS NS 

PT:CS 0.0117 NS NS NS NS 

PT:CSN 0.0117 NS NS NS 0.0001 

PT:CGT 0.0117 NS NS NS NS 
z 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS),  

4:1 PB:CSN (PB:CSN), 9:1 PB:CGT (PB:CGT), 1:1 PT:CS  

(PT:CS), 1:1 PT:CSN (PT:CSN), and 4:1 PT:CGT (PT:CGT).  
y 
Foliar disease symptoms were recorded on a disease rating scale 

 where 1=no disease, 2=slight disease (slight chlorosis),  

3= stunting, necrosis, 4=dead plant.    
x 
At harvest root rot was assessed with a standard rating scale  

where 1= healthy, 2= fine roots necrotic, 3= coarse roots necrotic,  

4= crown rot, and 5= dead plant. 
w 

Linear contrasts testing rating of inoculated compared to  

control within each substrate. NS=P>0.05, P-value given  

otherwise. 
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Table 17. Effect of substrates on disease suppression of  

‘Hino’ azalea (highly susceptible). (2011).  

‘Hino Azalea’                 Foliar Rating
y 

Substrate
z 

14-Jul 2-Aug 16-Aug 30-Aug 

Root 

Rot
x 

PB 1.8a 2.5a 2.3a 2.4a 3.0b 

PB:CS 1.3bc 2.4ab 2.1a 2.1ab 3.3b 

PB:CSN 1.6ab 1.6bc 1.9ab 1.9abc 3.0b 

PB:CGT 1.6ab 2.5a 2.2a 2.3a 3.0b 

PT:CS 1.3bc 2.1ab 2.3a 2.1ab 3.5b 

PT:CSN 1.4abc 2.1ab 2.0ab 2.3a 3.5b 

PT:CGT 1.3bc 2.1ab 2.5a 2.4a 4.5a 

Treatment 0.0026 <.0001 <.0001 0.0006 <.0001 
z 
The substrates consisted of: 100% PB, 4:1 PB:CS (PB:CS),  

4:1 PB:CSN (PB:CSN), 9:1 PB:CGT (PB:CGT), 1:1 PT:CS  

(PT:CS), 1:1 PT:CSN (PT:CSN), and 4:1 PT:CGT (PT:CGT).  
y 
Foliar disease symptoms were recorded on a disease rating scale 

 where 1=no disease, 2=slight disease (slight chlorosis),  

3= stunting, necrosis, 4=dead plant.    
x 
At harvest root rot was assessed with a standard rating scale  

where 1= healthy, 2= fine roots necrotic, 3= coarse roots necrotic,  

4= crown rot, and 5= dead plant. 
w 

Means within a column with different letters are significantly  

difference from each other based on Waller-Duncan K-ratio testing  

procedures (P>0.05). N=4. 
v
ANOVA effect of substrate within each sample date. NS=P>0.05,  

P-value given otherwise.
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Figure 1. Effect of substrate on azalea shoot growth grown with  

overhead sprinkler irrigation with black weed fabric covering the ground  

(OH) or low volume, spray stake irrigation with gravel covering the ground  

(LV) in 2010 and 2011. Means between substrates within an irrigation with  

different letters are significantly different from each other based on lsd mean  

separation procedures (P>0.05).   
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Figure 2. Effect of substrate on juniper shoot growth grown with  

overhead sprinkler irrigation with black weed fabric covering the ground  

(OH) or low volume, spray stake irrigation with gravel covering the  

ground (LV) in 2010 and 2011. Means between substrates within an  

irrigation with different letters are significantly different from each other  

based on lsd mean separation procedures (P>0.05).   
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Figure 3. Effect of substrate on juniper root growth grown with  

overhead sprinkler irrigation with black weed fabric covering the ground  

(OH) or low volume, spray stake irrigation with gravel covering the ground  

(LV) in 2010 and 2011. Means between substrates within an irrigation with  

different letters are significantly different from each other based on lsd mean  

separation procedures (P>0.05).   

 

 

 

 

 

 

 

 

 

 

 

ab 
bc 

c 

a 

bc bc 
c 

0

2

4

6

PB PB:CS PB:CSN PB:CGT PT:CS PT:CSN PT:CGT

R
o

o
t 

W
e

ig
h

t 
(g

) 

Substrate 

Juniper Root Growth 2010 

LV

OH

bc 
bc 

a 

bc 
bc b 

c bc 

c 

a ab ab 
bc 

ab 
bc ab 

0

2

4

6

PB PB:CS PB:CSN PB:CGT PT:CS PT:CSN PT:CGT PT

R
o

o
t 

W
e

ig
h

t 
(g

) 

Substrate 

Juniper Root Growth 2011 

LV

OH

A 

B 



80 

 

 

 

 

 

 

 

 

 

 
Figure 4. Effect of irrigation, overhead sprinkler irrigation with black  

weed fabric covering the ground (OH) or low volume, spray stake  

irrigation with gravel covering the ground (LV) on azalea and juniper  

canopy temperatures on ground covering temperatures in 2011.  
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Figure 5. Effect of irrigation, overhead sprinkler irrigation with black  

Weed fabric covering the ground (OH) or low volume, spray stake  

irrigation with gravel covering the ground (LV) on ground covering  

temperatures in 2011. 
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Figure 6. Effect of substrate on substrate temperatures of, pine bark (PB),  

pine tree (PT), amended with cotton stalks (CS) with overhead sprinkler  

irrigation with black weed fabric covering the ground (OH) or low volume,  

spray stake irrigation with gravel covering the ground (LV) on substrate 

temperatures in 2011. 
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Figure 7. Effect of substrate on substrate temperatures of, pine bark (PB),  

pine tree (PT), amended with cotton stalks (CS) with overhead sprinkler  

irrigation with black weed fabric covering the ground (OH) or low volume,  

spray stake irrigation with gravel covering the ground (LV) on substrate  

temperatures in 2011. 
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CHAPTER 2 

 

 

Composting Cotton Stalks and Successful Cotton Waste Amended Substrates. 

 

(In the format appropriate for submission to HortTechnolgy.) 
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Subject Category:  Alternative substrates 

Composting Cotton Stalks and Successful Cotton Waste Amended Substrates. 

Additional index words.  Rhododendron obtusum ‘Sunglow’, azalea, cotton gin trash 

Summary: 

The objectives of this study were to develop a procedure for the composting of cotton 

stalks and demonstrate the usefulness of composted cotton stalks (CS) and non-composted, 

aged cotton gin trash (CGT) as substrate amendments in a nursery operation. The composting 

process was carried out from 2/22 through 6/7. Both CS and cotton stalks composted with a 

nitrogen source (CSN) components went from a low moisture content with large particle 

sizes and varying sizes and types of cotton debris in the piles to a high moisture content and 

water holding ability, smaller, more uniform particles, and a spongy feel. There were a total 

of four substrates evaluated: 4:1 pine bark (PB): CS (PB:CS), 4:1 PB : composted cotton 

stalks with an N source (CSN) (PB:CSN), 9:1PB : aged cotton gin trash (CGT) (PB:CGT), 

and an industry standard of 100% PB. Azaleas (Rhododendron obtusum (Lindl.) Planch. 

‘Sunglow’) potted in each substrate were arranged in a CRD with eight replications and 

grown at a commercial nursery (Currin’s Nursery, Willow Springs, NC, longitude: 

35°36'21.50"N; latitude: 78°41'7.42"W). Shoot dry weights were not affected by substrate. 

Nitrogen immobilization does not appear to have limited growth. Additionally, the low C:N 

and higher %N of CGT did not enhance growth. Both of the composts (CS and CSN) passed 

the seedling germination tests for phytotoxicities for all species except marigold and zinnia 

sown in CSN.  
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Introduction: 

The use of composted cotton stalks (CS) and aged cotton gin trash (CGT) for 

amendments to pine bark (PB) have shown to be very promising (Riley et al., 2012). The 

extension or even the replacement of PB, as well as peat, has become a concern in the 

nursery and greenhouse industries due to increases in price following decreases in supply. 

Sustainable, affordable and locally available replacements for PB and peat can help nurseries 

maintain profit margins. Bridges et al. (2011) found that growth of azaleas and junipers in PB 

amended with CS and CGT, waste products from a prominent agriculture industry in the 

southeastern United States, were similar to or larger than 100% PB.  

Cotton is a very important agricultural crop in the southeast, comprising 2% of North 

Carolina’s 9.7 billion dollar farm cash receipts (NC Dept. of Ag., 2009). Best management 

practices for cotton production use “no-till” methods after harvesting and involve cutting 

cotton stalks down and leaving the debris in the field. This can lead to a build-up of debris 

after several crop rotations, due to the woody nature of the cotton stalks, making it difficult 

for new crops to be planted, fertilized, etc. (Bilderback and Warren, 2010). However, after 

the cotton is picked, the stalks can be harvested using a silage cutter, preventing them from 

touching the ground and becoming colonized with potential soilborne pathogens. The 

chopped cottons stalks are not a small enough particle size and do not have sufficient water 

holding capacity to support plant growth. Additionally, the chopped cotton stalks contain 

considerable amounts of lint and many cotton seeds which germinate and grow once placed 

under the irrigation and fertilization regimes of production (Riley, personal observation). The 
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lint attached to the stalks also prevented the reduction in particle size of the chopped stalks 

by a grinder and/or hammer mill. Thus, composting was required to form an acceptable 

amendment for PB and eliminate cotton seed viability. Cotton gin trash is produced during 

the ginning process of harvested cotton to remove lint from the cotton burr (delinting). The 

delinting process results in another copious waste product of cotton production. Each year, 

the U.S. cotton industry harvests 17 to 18 million bales of cotton which during processing 

result in an estimated 1.2 - 2.5 million metric tons of cotton gin trash; creating a significant 

disposal problem in the ginning industry (Buser, 2001; Fava 2004). In the southeast, cotton is 

widely grown and the stalks and gin trash are locally available and easily accessible for use 

as a potential PB or peat extender (addition). However, for these wastes to be available to the 

nursery industry a composting protocol must be established and grower acceptance must be 

earned.  

PB makes up 75-100% (by volume) of container substrates in the eastern U.S. (Lu et 

al., 2006). PB is a waste product of the preparation of logs for milling. In the 1970’s, when 

the nursery industry began using PB as a growing substrate, the forestry industry was seeking 

avenues for bark disposal. Today, the nursery industry in the southeast relies very heavily on 

PB as a substrate. PB is desirable because it is light in weight, well-drained, pathogen-free 

and disease suppressive. However, in present day, other industries besides the nursery 

industry compete for a diminishing supply of pine bark. Thus, the potential for alternative 

substrates to replace the use of PB by the southeastern nursery industry is gaining popularity. 
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Substrate components need to be local, disease free, weed seed free, reproducible, and 

shippable before they make sense for a grower to consider using them. By utilizing local 

substrate amendments, such as cotton stalks and cotton gin trash, the nursery industry can 

move back into a win-win situation, assisting one industry in disposing of a waste while also 

moving away from dependency on pine bark. Now that demand for PB is higher and 

availability of good quality, affordable PB is low, the nursery industry needs to find a new 

partner. Therefore, the objective of this project was to develop a procedure for the 

composting of cotton stalks and demonstrate the usefulness of CS and CGT as substrate 

amendments in a nursery operation.  

Materials and Methods: 

Composting: On 2/1 fresh cotton stalks were received from Fork L Farms (Norwood, 

NC). The cotton stalks had been removed from the field after the cotton was harvested using 

a silage cutter which prevented them from ever touching the ground.  A sample of the 

substrate amendments were sent to the North Carolina Department of Agriculture (Raleigh, 

NC) for waste analysis where the total carbon (C) and nitrogen (N) concentrations were 

determined by oxygen combustion with an elemental analyzer (NA 1500, CE Elantech 

Instruments, Milan, Italy) (Table 1). On 2/22 the CS were divided into two separate piles and 

placed on concrete slabs. One pile of CS had a nitrogen (N) source added to it (Daddy Pete’s 

Plant Pleaser 0.5-0.5-0.5, Stony Point, NC) (CSN) at a 5: 1 ratio (v/v). CS and the N source 

were mixed together well and then both piles (CS and CSN) were irrigated. The piles were 

turned on an as needed basis (roughly every 3 weeks) to maintain temperatures and moisture 



90 

 

 

 

 

 

 

 

levels. The piles were turned on 3/15, 4/5, 4/25, and 5/13. The temperature of each pile was 

measured by placing a thermometer (Reotemp Instrument Corporation, San Diego, CA) into 

the middle of the pile in three different locations on 3/29, 4/5, 4/15, 4/19, 4/26, and 5/10 

(Table 2). On 4/7 both piles were covered with clear plastic due to concerns over low 

temperatures within the piles. Temperatures needed to reach 60C (140F) within the compost 

pile for it to reach maturity. Our piles were only 5 ft. (1.5 m) tall and 8 ft. (2.4 m) wide and 

may not have been tall enough to generate adequate heat.  

On 6/7 azaleas were planted into 3-quart (2.8-L) black plastic containers filled with a 

pine bark (PB) based substrate that had been amended (v/v) with CS, CSN, or aged cotton 

gin (CGT). Aged PB was supplied by Pacific Mulch (Henderson, NC) and the CGT was 

provided by Roanoke Tar Cotton Co. (Williamston, NC). There were a total of four 

substrates: 4:1 PB : CS (PB:CS), 4:1 PB : CSN (PB:CSN), 9:1PB : CGT (PB:CGT), and a 

control of 100% PB. All substrates were designed to have similar water holding abilities. 

Azaleas potted in each substrate on 6/7 were arranged in a CRD with eight  replications 

grown at Currin’s Nursery (Willow Springs, NC) (longitude: 35°36'21.50"N; latitude: 

78°41'7.42"W) and grown with overhead sprinkler irrigation with black weed fabric covering 

the ground. Substrates were amended with 3 lbs/yd
3 

(1.4 kg
.
m

3
) of lime incorporated at 

mixing and top-dressed with 2.6 g nitrogen (N) [15 g (0.52 oz) fertilizer] supplied by a 

polymer-coated, slow release fertilizer, 17-5-10 (17N-2.2P-0.83K) (Harrell’s, Sylacauga, 

AL) on 6/8.  



91 

 

 

 

 

 

 

 

Leaching fractions (LF) (leaching fraction = volume of leached ÷ volume of irrigation 

applied) were measured twice on 8/3 and 9/20 for each substrate. Additionally, substrate 

solution was collected on 7/29 and 10/4 with the pour-through nutrient extraction method 

(Wright, 1986) and used to measure electrical conductivity (EC) and pH with a Hanna 

pH/EC meter (HI 8424, Hannah Instruments, Ann Arbor, MI). On 10/4 shoots (stems and 

leaves) were removed, dried at 62C (144F) for 5 days and weighed.  

Bioassay: Concerns, by several growers and researchers regarding herbicide residues 

on the cotton stalks prompted us to conduct a bioassay with CS and CSN on 11/14 following 

the Mulch and Soil Council (MSC) protocol (Mulch and Soil Council, 2010). Electrical 

conductivity (EC) and pH were determined using the saturated paste method (2 parts 

deionized water to 1 part substrate) and a Hanna pH/EC meter (HI 8424, Hannah 

Instruments, Ann Arbor, MI) (Table 4). Seeds of radish, ‘Early Scarlet’ (Raphanus sativus), 

tomato, ‘Better Boy (Lycopersicum esculentum), marigold, ‘Janie’ (Tagetes patula), basil, 

‘Sweet Green’ (Ocymum basilicum), and zinnia “Dreamland Red’ (Zinnia elegans) were 

sown resulting in four replications of each substrate (CS and CSN) for each species and a 

control substrate that was supplied by the MSC. Five seeds were sown into each pot of each 

substrate for a total of 60 seeds per species. The seeded pots were placed onto heating pads to 

ensure adequate root zone temperature in a greenhouse with temperatures maintained at 23.8-

29.5C (75-85F) day / 15.6-21.1C (60-70F) night. Pots were misted as needed to ensure 

adequate moisture at sowing (approximately four times per day) using a standard three-point 

fogging nozzle. After the seeds germinated, plants were watered as needed. Fourteen days 
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after planting, seeds were counted to measure seedling survival. Each pot was then thinned to 

one plant per pot and plants were grown for an additional two weeks. One application of 20-

10-20 general purpose fertilizer was applied on 12/6. Seedling survival is a test of two 

proportions, using a 99% confidence level and is automatically calculated, along with the 

pass/fail determination, from the data entered on the MSC data base. If the proportion of 

seeds surviving in the (CS and CSN) substrates was statistically lower than the control 

substrate, the substrate sample failed the test. If plants of all five species in the test substrate 

produce cotyledons and the first set of true leaves, and the seedling survival is within 99% 

confidence level of controls, by proportion analysis, the test soil will have passed the MSC 

Grow Test for Standard Potting Soils. The substrate samples passed the test if all five plant 

species met the criteria. Also, plant growth in the test potting soil must be equal to or greater 

than the control soil for all five plant species. 

Results and Discussion: 

Composting: Fresh CS had leftover cotton fibers, cotton seeds, cotton burrs, chunks 

of stalks and very low moisture content prior to composting (Fig. 1A). Throughout the 

composting process CS and CSN changed drastically. Both CS and CSN components had 

high moisture content and water holding ability, smaller, and more uniform particles (Fig. 

1B) after 16 weeks of composting. Air space (AS), container capacity (CC), available water 

(AW), unavailable water (UW), and bulk density (BD) for PB substrates amended with these 

composts (CS and CSN) have been previously reported by Riley et al. (2012). At the end of 

composting, TP, AS, and CC of 4:1 PB:CS and 4:1 PB:CSN were similar to each other and 
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greater than 100% PB. Furthermore, AW were similar between the two CS amended 

substrates and PB while UW was lowest with PB:CS. Additionally, all the particle sizes of 

the PB:CS and PB:CSN substrates were similar.  

Fresh CS had a C:N ratio of 23.8 indicating that an additional N source would be 

required to support adequate growth of microorganisms (Table 1). Additionally, the C:N 

ratios of the composted CS and CGT indicate that organic N mineralization should exceed N 

immobilization during production. However, the high C:N ratios (low % N) of CS, CSN, and 

CGT do indicate that these composts will not be a significant N contributor during 

production. Kraus et al. (2000) found that composted turkey litter, with a C:N ratio of 4, 

resulted in greater organic N mineralization then either municipal waste (C:N=14) or yard 

debris (C:N=13) composts. In this study, the addition of N to the CS during composting 

(CSN) did reduce the C:N ratio (lowering %C) compared to CS but did not increase the %N. 

CGT had the lowest C:N ratio, highest %N, and the greatest possibility of enhancing nutrient 

uptake by the plant.  

During composting, CSN generally maintained higher temperatures within the pile 

than CS which did help decomposition occur more quickly (Table 2). Thus, the addition of N 

did enhance decomposition. The piles were turned for the first time on 3/15. While turning, 

noticeable amounts of fungi (white mycelium), were growing on the leftover cotton fibers in 

the piles and the CSN pile was warm to the touch with steam coming out of it during the 

turning process (Fig. 1C and 1D). Covering the compost piles with clear plastic on 4/7 did 

help increase temperatures and decomposition although 140F (60C) was never recorded. 
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Temperatures at or near 60C (140F) are desirable to facilitate compost maturity, kill possible 

pathogens, and weed seeds. While our compost piles did not reach 60C (140F), weed growth 

was not excessive in the CS blended substrates during production and there were no visual 

effects of pathogens.  

 Shoot dry weights were not affected by substrate (Table 3). Growth results support 

data for the C:N ratio and low %N of the finalized CS composts. Nitrogen immobilization 

does not appear to have limited growth. Additionally, the low C:N and higher %N of CGT 

did not enhance growth. Similar results were found in 2010 and 2011 where azalea shoot 

growth (dry weight) with PB, PB:CS, PB:CSN, and PB:GT with overhead irrigation on black 

weed fabric were all similar to each other (Riley et al., 2012). Jackson et al. (2005) found 

growth indices for ‘Winter Gem’ boxwood, ‘Firepower’ dwarf nandina, ‘Midnight Flare’ 

azalea, and ‘Renee Mitchell’ azalea grown in cotton gin compost blended substrates were 

equal to or larger than the ones that were grown in the control of pine bark: sand.  

The sample time x substrate interaction and effect of substrate were not significant for 

LF and EC. Additionally, the sample time x substrate interaction for leachates was not 

significant for pH while the substrate effect was significant (0.0222). LF ranged from 0.05-

0.79 and averaged 0.3 on 8/3 and 0.45 on 9/20. EC ranged from 0.05-1.71and averaged 0.58 

on 7/29 and 0.18 on 10/4. Substrate solution pH ranged from 5.3-6.9 and averaged 6.3 pH 

7/29 and 5.6 for 10/4. PB:CS had the highest pH (6.3), while PB (6.1) and PB:CS (6.0) had 

the lowest and PB:CGT (6.2) was similar to all of them. 
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Bioassay: EC and pH of the finished CS and CSN composts were within acceptable 

ranges (Table 4) (Yeager, 2007). Germination of all species in CS was similar to the control 

substrate (Table 5). Germination of marigold and zinnia was significantly lower in CSN 

compared to the control substrate. Both of the composts (CS and CSN) passed the seedling 

germination tests for toxicities for all species except marigold and zinnia sown in CSN 

(Table 6).  

In conclusion, composting cotton stalks removed from the field with a silage cutter 

can produce an alternative substrate amendment for the extension and/or replacement of PB. 

The shoot dry weights from the nursery trial were not affected by the different substrates and 

there were no problems with N immobilization. Also, the bioassay showed that germination 

of all species grown in CS was similar to the control substrate while CSN had significantly 

lower germination rates in marigold and zinnia when compared to the control substrate. Both 

CS and CSN passed the grow test as shoot dry weights were statistically equal to or greater 

than the dry weights of the plants grown in the control substrate.  
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Table 1. Carbon (C) to nitrogen (N)  

(C:N) ratios based on C and N content  

of cotton stalks (CS), cotton stalks with  

nitrogen (CSN) and cotton gin trash  

(CGT). 

Component
z 

C:N Ratio
 

%C %N 

Fresh CS 23.8 47.2 2.0 

CS 15.2 36.6 2.4 

CSN 14.3 30.8 2.2 

CGT 9.3 32.6 3.5 

z
Fresh cotton stalks (CS) straight from  

the field without composting; composted  

cotton stalks (CS); composted cotton  

stalks with a source of N (Daddy Pete’s  

Plant Pleaser 0.5-0.5-0.5, Stony Point,  

NC) added (CSN); and aged cotton gin 

 trash (CGT). 

 



99 

 

 

 

 

 

 

 

Table 2. Temperatures in the middle of the compost pile over 

 time.  

Date
 

CS
z 

CSN 

3/29 78-82F
 
(26-28C)

y 
80-100F (27-38C) 

4/5 68-78F (20-26C) 68-80F (20-27C) 

4/15 83-90F (28-32C) 102-108F (39-42C) 

4/19 93-115F (35-46C) 82-96F (28-36C) 

4/26 84-122F (29-50C) 101-111F (38-44C) 

5/10 90-110F (32-43C) 116-122F (47-50C) 

z
The two composting piles consisted composted cotton 

stalks (CS) and composted cotton stalks with a source of N 

(Daddy Pete’s Plant Pleaser 0.5-0.5-0.5, Stony Point, NC)  

added (CSN). 
y
The temperature of each pile was measured by placing  

the thermometer (Reotemp Instrument Corporation,  

San Diego, CA) into the middle of the pile in three  

different areas. The range of the temperature measurements  

is presented. 
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Table 3. Effect of substrate on  

azalea shoot growth grown with 

overhead sprinkler irrigation on  

black weed fabric at Currin’s  

Nursery (Willow Springs, NC).  

Substrate
z 

Dry Weight (g)
 

PB 31.0 

PB:CS 27.4  

PB:CSN 31.3 

PB:CGT 28.5 

Substrate
y 

NS 

z 
The substrates consisted of: 100%  

PB, 4:1 PB:CS (PB:CS),  

4:1 PB:CSN (PB:CSN), and  

9:1PB:CGT (PB:CGT) where   

pine bark (PB) based and whole  

pine tree (PT) based substrates  

are amended with composted  

cotton stalks (CS), composted  

cotton stalks with a nitrogen  

source (CSN) and aged cotton gin  

trash (CGT). 
y 
ANOVA effect of substrate where  

NS=p>0.05 indicated no difference  

among substrates.  
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Table 4. pH and EC of  

finished composts. 

Amendment
z 

pH
y 

EC 

CS 6.2 .19 

CSN 6.0 .30 

z
The two amendments were  

composted cotton stalks  

(CS) and composted cotton  

stalks with a source of N  

(Daddy Pete’s Plant  

Pleaser 0.5-0.5-0.5, Stony  

Point, NC) added (CSN). 
y
pH and electrical  

conductivity (EC) were  

determined using the  

saturated paste method  

(2 parts deionized water  

to 1 part substrate).
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Table 5. Percent germination of seeds sown in finished composts  

and a control substrate.  

Species CS
z 

Pass/Fail
y 

CSN  Pass/Fail Control 

Radish 90% Pass 90% Pass 95% 

Marigold 80% Pass 50% Fail 90% 

Tomato 80% Pass 80% Pass 85% 

Zinnia 75% Pass 60% Fail 90% 

Basil 75% Pass 65% Pass 85% 

z
The two amendments were composted cotton stalks (CS)  

and composted cotton stalks with a source of N (Daddy Pete’s  

Plant Pleaser 0.5-0.5-0.5, Stony Point, NC) added (CSN). 
y
Seedling survival is a test of 2 proportions, using the 99%  

confidence level, and is automatically calculated, along with the  

pass/fail determination, from the data entered on the Mulch and  

Soil Council database. If the proportion of seeds surviving in the  

test substrate is statistically lower than the control substrate, the  

substrate sample will fail the test. 
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Table 6. Growth data averages from seed test with dry 

weights. 

Species CS
z 

Pass/Fail
y 

CSN  Pass/Fail Control 

Radish 0.148 Pass 0.275 Pass 0.103 

Marigold 0.028 Pass 0.044 Pass 0.014 

Tomato 0.123 Pass 0.183 Pass 0.005 

Zinnia 0.097 Pass 0.096 Pass 0.023 

Basil 0.024 Pass 0.027 Pass 0.005 

z 
The two amendments were composted cotton stalks (CS)  

and composted cotton stalks with a source of N (Daddy Pete’s  

Plant Pleaser 0.5-0.5-0.5, Stony Point, NC) added (CSN). 
y 
Plant growth in the test potting soil must be equal to or greater  

than the control soil, for all five plant species where the plant top  

dry weights clipped at the soil level must be statistically equal to  

or greater than the control soil, as determined by a t-test. 
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Figure 1. A) Fresh cotton stalks (CS) before composting, B) cotton  

stalks (CS) after composting, C) composting of cotton stalks (CS)  

with fungi (white mycelium) growing within the pile and D) steam  

coming out of cotton stalks with a nitrogen (CSN) source added to it. 
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