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This study examined the effects of replicating woodland 

soil surface horizonation on the nutrient status of 

underlying soils and the initial establishment and growth of 

trees. A total of 283 container grown trees were planted in 

a bufferzone around a future landfill site. Control 

amendments consisted of an 8 cm layer (0.5 m3)of wood chips 

applied in a circular area of 4.6m 2 around the trees' 

planting pit. For the treatment, a 2.5 cm layer of 

composted biosolids (0.15 m3 or 80 Mg/ha) was applied in a 

circular area of 4.6m 2 around the trees' planting pit 

followed by an 8 cm layer (0.5 m3)of wood chips. The 

results indicate that the replication of woodland soil 

surface attributes using composted biosolids can 

significantly improve the nutrient status of underlying 

soil. Some significant effects were seen under control 

conditions, too. However, the effects on tree establishment 

and growth parameters were, for the most part, not 

statistically significant. 
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CHAPTER 1 

INTRODUCTION 

Landfills are never viewed as having a positive impact 

on the community in which they are located. Yet, they are 

an essential part of almost every American city and testify 

to the throw-away mentality of our culture. The need for 

landfills is not expected to diminish in the near future and 

without dramatic changes in either consumption or recycling 

they will continue to exist for the foreseeable future. 

This increase in landfill construction, as well as 

ever-increasing population and urban growth, means that more 

people are going to be living near or driving past 

landfills. In one way the presence of landfills may help 

people recognize the consequences of living in a throw-away 

society. At the same time, however, it seems unfair that 

while all citizens contribute to landfills only small 

sections of the population have to live in proximity to 

them. 

The City of Denton, Texas has begun expanding their 



Figure 1. Site map of proposed 

landfill expansion. 
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current municipal landfill to accommodate the city's 

projected needs for the next 50 years. The landfill 

expansion, when complete, will border on two roadways, 

Mayhill and Edwards Roads in addition to a large trailer 

park just across Edwards Road (Fig. 1). A 16.5 m wide 

bufferzone has been established between the landfill and the 

two roadways. This bufferzone which runs a distance of 

approximately 1.5 km was landscaped with 13 different 

species of trees including deciduous and evergreen 

varieties. The majority of the 283(+) trees were 

established in Old Field areas currently dominated by 

bermuda grass and various forbs. Small sections of the 

climax Post Oak forest still exist and were preserved in the 

bufferzone. The future landfill site will border on Mayhill 

Rd. to the north, Edwards Rd. to the west, Foster Rd. to the 

east, and the old landfill to the south. Foster Rd. is 

closed to through traffic and consists of approximately 12 

households. Butting up to Edwards Rd. from the west, 

however, is a large trailer park with numerous residents. 

In addition, Mayhill Rd. is a heavily travelled alternative 

for many citizens avoiding traffic on Loop 288. 

Over 283 container grown trees were transplanted in 

order to create the bufferzone. Ninety-three of the trees 

transplanted were overstory trees with a minimum caliper of 
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2 inches and a typical container size of 3 0 gallons. The 

other 195 the trees were understory trees with a minimum 

caliper of 1.5 inches and a container size of 15 gallons. 

A great deal of literature exists on the successful 

transplanting and establishment of trees. There are three 

main aspects that are frequently reported as being 

significant to the initial survival and future success of 

transplanted trees. They are planting hole size/shape, 

backfill amendments, and top dressing of the immediate area 

surrounding the transplanted tree. Each will be discussed 

in detail herein. 

Planting Hole Size/Shape 

Container grown trees are usually grown in a soil-like 

media that focuses on aerating the root system even in 

operched water table conditionso that are typical of 

containers (Nelms and Spomer 1983, Spomer 1980). While this 

media is wholly appropriate for the production of 

containerized trees it necessarily affects the success of 

transplanting the tree in a landscape where no perched water 

table exists. Once transplanted this media allows the rapid 

movement of water out of the root mass and into the 

surrounding soil (Nelms and Spomer 1983). Costello and Paul 

(1975) found, based on consumptive water use and field 
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observations, that such container media provides at most 2 

days of adequate moisture until roots can adequately 

establish themselves into the surrounding soil. It follows 

that irrigation necessarily needs to be provided to newly 

transplanted trees on a 2 day schedule. 

Based on water stress concerns alone it seems 

appropriate to focus on transplanting techniques to maximize 

the rate at which roots penetrate into the surrounding soil. 

One method which may help accomplish this is to increase the 

size of the planting hole thereby providing a larger 

backfilled area with much looser, more aerated soil for the 

roots to penetrate. Roots "cannot grow where there is no 

oxygen or where the soil is compacted and hard to penetrate" 

(Perry 1982). Watson et al. (1993) found an increase in 

root growth with increased planting hole size. Hodge (1995) 

found that doubling the planting hole size did not affect 

tree survival, but did increase tree growth on a clay site 

which was the most compacted and moist of the test sites 

used. 

The issue of planting pit shape was considered by 

Arnold and Welsh (1995), who examined it's affect on Quercus 

virginiana (live oak) seedlings. They examined four 

shapes: cube; cylinder; star; and sloped cylinder. Their 

results indicated that "planting hole configurations did not 
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substantially affect shoot growth or plant survival" (Arnold 

and Welsh 1995) . However, they did determine that when 

seedlings where planted in sloped cylinder holes there was 

an increase in diameter or caliper after two years. 

Coincidently, Watson et al. (1992) also found that sloping 

sides had a positive effect in that they helped direct roots 

that could not penetrate side wall soil out of the planting 

hole. This aided in preventing the roots from becoming 

trapped. 

Backfill Amendments 

In an analysis of seven organic amendments used in 

backfilling trees, Hodge (1995) found only two instances 

where an amendment increased growth relative to controls. 

Two amendments actually reduced tree survival at the three 

different test used in his experiments. Hodge (1995) 

concluded that earthworm castings are a backfill amendment 

that may aid tree establishment in impoverished sites, 

mainly due it's similarity to soil. Otherwise, the 

structural enhancement of the backfill soil due to 

excavation and replacement is just as beneficial as any 

amendment tested. 

Hummel and Johnson (1985) tested the effects of peat 

moss, fired montmorillonite clay and a "superabsorbant gel 
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on the growth and establishment of container grown sweetgum 

trees (Liguidamber styraciflua). The authors found no 

significant improvement in height or caliper growth relative 

to controls after 6 months. In addition, after 6 months 

they found no significant alteration in the root systems of 

the backfill amended trees relative to controls (Hummel and 

Johnson 1985). 

Apple trees (Malus domestica) were planted in backfill 

consisting of either native soil, non-orchard soil, peat 

moss amendment, or a composted horse manure amendment by 

Autio et al. (1991). By the third season the non-orchard 

soil amendment resulted in significantly greater trunk and 

shoot growth, although it also resulted in a decrease in 

blossom density. Initially, the peat moss and composted 

manure amendments resulted in significantly increased shoot 

growth, however, this effect dissipated after the first 

season. This was likely due to the majority of root growth 

being outside the planting hole where the amendments were 

located after the first season. Neither amendment appeared 

to affect bloom density (Autio et al. 1991). They concluded 

that increased organic matter in backfill may be of some 

benefit in the initial establishment of apple trees. 

Corley (1984)found somewhat ambiguous results in 

measuring the effects of backfill amendments. Four 
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different species of plants (Juniperus conferta (shore 

juniper), Ilex crenata(Japanese holly), Cornus florida 

(flowering dogwood), and Rhododendron obtusum (Hiryu 

azaela)) were analysed for growth over a two year period in 

3 different backfill amendments. After the first year, the 

Ilex crenata and Rhododendron obtusum actually did better in 

the control (clay backfill) than any of the amendments in 

terms of growth index measurements. Juniperus conferta and 

Cornus florida seemed to respond to two different backfill 

amendments after the first year based on statistical 

analysis, however, the actual difference between growth was 

fairly minimal and may point to other factors as well. In 

Corley's (1984) maintenance program, he fertilized both 

spring and fall with 10N-4.3P-8.3K (10-10-10), irrigated 

plants, added Agriform tablets to planting holes, provided 5 

cm of aged wood chips as mulch, and used paraquat for weed 

control in spring and fall as well as glyphosphate 

applications in the summer. Clearly, a slight variation in 

any or all of these variables could also produce the first 

year variations, especially since there was so much overlap 

between treatments. In the second year of the study only 

the Juniperus conferta showed any growth index differences 

between treatments. All other species showed homogenous 

growth index measurements. Growth differences may be 
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expected to only exist in the first year, since after that 

time the majority of roots have likely pushed out past the 

planting hole. However, these differences are most likely 

to be seen in the absence of fertilization and other 

homogenizing regimes which would tend to obscure any organic 

benefits derived from amendments. 

In another test, Corley (1984) measured growth 

responses of the same four prior species planted in either 

control or composted pine bark amended holes with or without 

root disturbance. In the three years of the study no growth 

index differences were statistically different, suggesting 

no benefit was derived from the composted pine bark 

amendments in terms of growth. 

Finally, Corley (1984) looked at the effects of 

mulching, backfill amendments and irrigation on the growth 

of 3 tree species (Acer saccharum (sugar maple), Magnolia 

grandiflora (Southern magnolia), and Cornus florida 

(flowering dogwood)). Again his results were somewhat 

ambiguous and not surprisingly the treatments that included 

irrigation showed greater growth throughout, although there 

was still considerable statistical overlap. 

Top Dressings and Mulching 

Fraedrich and Ham (1982) evaluated the effect of 
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mulching in terms of soil and tree (Acer rubrum (red maple), 

Acer saccharinum (silver maple), and Acer saccharum (sugar 

maple))responses. On a sandy-loam soil they found 

significantly greater height and diameter growth in A. 

saccharinum, however, they found no significant effect in 

trees in a sandy-clay-loam. Significantly greater shoot 

growth was obtained in both soils in all species in the 

mulched treatment. Fraedrich and Ham (1982) also found 

significantly lower mid-day temperatures and significantly 

increased moisture readings in mulched plots. In addition, 

they noted no significant changes in bulk density, organic 

matter, or pH during their study. Nutrients in the soil 

were found to decrease in all plots except in the case of 

potassium which was found to significantly increase in the 

mulched plots. This potassium increase was attributed to 

the mulch's wood chip constituents in which potassium is 

readily available. Finally, during the year long period of 

their study Fraedrich and Ham (1982) found no increase in 

two disease causing fungi nor in parasitic nematodes. 

In a two year study, Truax and Gagnon (1993) evaluated 

the effects of straw and black plastic mulching on Juglans 

cinerea (butternut), Fraxinus americana (white ash), and 

Quercus macrocarpa (bur oak) established in an old field 

area. They found higher soil temperatures under black 
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plastic mulching and lower soil temperatures under straw 

mulching relative to the controls. Straw mulching resulted 

in the highest soil moisture whereas the control had the 

lowest soil moisture. Nitrate and potassium were found to 

be higher under the straw mulch and the black plastic mulch 

had higher nitrate than the control. No significant effects 

of mulching were found in terms of foliar nutrients. The 

effect of mulching on survival was not significant and the 

authors report an 85% survival rate. In the first year of 

the study, the black plastic mulch produced the greatest 

height growth. In the second year, both mulches resulted in 

greater height responses. Straw mulch provided the greatest 

diameter growth effects. In addition to these direct 

effects, Truax and Gagnon (1993)also found that both mulches 

resulted in an increased weed biomass around the periphery 

of the mulched area. 

Litzow and Pellett (1983) evaluated 6 different mulches 

in terms of growth, soil temperature, and soil moisture over 

a 3 year period on Fraxinus pennsylvanica (green ash). Hay, 

black plastic, and a combination of "calcined clay" and 

black plastic mulch resulted in the greatest growth. Black 

plastic mulch and controls resulted in the highest soil 

temperatures and also with an earlier bud break in the 

spring. Wood chip and redwood bark mulches had the highest 
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soil moisture readings. In terms of durability, Litzow and 

Pellett (1983) report replacement was necessary on all black 

plastic and hay mulches due to deterioration or 

decomposition after two growing seasons. 

Green and Watson (1989) examined the effects of 

turfgrass, organic mulch, and tilling on the growth and 

establishment of Acer saccharum "Green Mountain" (sugar 

maple). They applied four treatments consisting of 

1)turfgrass up to the trunk of tree, 2) 2.5 m circle of 

organic mulch, 3) soil tilled and turfgrass replaced, and 4) 

soil tilled and organic mulch applied. Tilling was found to 

have no effect on the trees in terms of crown development, 

diameter increase, or root density. However, crowns of 

mulched trees were close to double the size of unmulched 

trees. In addition, trunk diameter was found to be 

significantly greater for trees that received mulch and was 

nearly triple that of trees that were surrounded by 

turfgrass. Root densities at three different depths were 

also found to be significantly higher in trees that received 

mulch. 

Seven tree species (Acer rubrum (red maple), Acer 

platanoides (Norway maple), Acer saccharum (sugar maple), 

Fraxinus pennsylvanica (green ash), Tilia cordata 

(littleleaf linden), Quercus rubra (red oak) and Quercus 
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palustris (pin oak)) were examined by Watson (1988) to 

evaluate the effect of organic mulch and grass competition 

on the development of roots. Mulching generally resulted in 

greater root density, however, it was only statistically 

significant in the case of Acer rubrum. Removing grass 

cover also increased root density however, this was also not 

statistically significant. Moisture content of soil below 

mulch was highest and moisture content of the soil below 

grass was lowest. No significant differences were found in 

terms of the oxygen diffusion rate between treatments. 

Watson (1988) found mulching to significantly increase root 

surface area in all species with the exception of Quercus 

rubra and Quercus palustris. It is important to note that 

Watson included roots that were growing in the mulch itself 

which would increase the amount of growth medium available 

to the trees in this treatment relative to the other 

treatments. 

The successful transplanting and establishment of trees 

is necessarily linked to the abilities of the arborist to 

adequately mimic the tree's natural environment. All 

aspects of the tree's natural environment needs to be 

considered including soil physical and chemical parameters, 

vegetative competition, water regime, and soil organisms. 

It is easiest to mimic a tree's natural environment in it's 
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native range due to the tree's evolutionary history, which 

has adapted the specie to climatic and soil conditions 

endemic to the area. 

Woodland soils differ substantially from other soil 

types found associated with various ecosystems. They tend 

to be relatively shallow with the majority of organic inputs 

occurring on the surface. Over time, smaller decomposed 

organic particles accumulate in the A horizon just under the 

leaves and twigs of the 0 horizon. The major question being 

investigated by this research is whether replicating this 

horizonation would benefit transplanted container grown 

trees. Fortunately, the City of Denton required the 

transplanting of numerous trees for a bufferzone around the 

site of a landfill and thus allowed this research to move 

forward while creating the bufferzone. 

Hypotheses to be Tested 

A number of hypotheses were tested throughout the 

course of the study. The hypotheses focus on both tree and 

soil parameters and are listed below: 

Trees 

H0: Compost amended trees will demonstrate equal or lesser 
DBH growth compared to mulched trees. 

Ha: Compost amended trees will demonstrate greater DBH 
growth compared to mulched trees. 

H0: Compost amended trees will demonstrate equal or lesser 
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height growth compared to mulched trees. 
Ha: Compost amended trees will demonstrate greater height 

growth compared to mulched trees. 

H0: 

Ha: 

H= 

Compost amended trees will demonstrate equal or lesser 
root mass compared to mulched trees. 
Compost amended trees will demonstrate greater root 
mass compared to mulched trees. 

Compost amended trees will demonstrate equal or lesser 
survival compared to mulched trees. 
Compost amended trees will demonstrate greater survival 
compared to mulched trees. 

Soil 

H0: Compost amended soils will decrease or remain the same 
in plant available macronutrients . 
Ha: Compost amended soils will increase in plant available 

macronutrients. 

H0: Compost amended soils will decrease or remain the same 
in plant available micronutrients . 
Ha: Compost amended soils will increase in plant available 

micronutrients. 

H0: 
in 
E-. 

Compost amended soils will decrease or remain the same 
organic carbon content. 
Compost amended soils will increase in organic carbon 
content. 

H0: Compost amended soils will decrease or remain the same 
in organic matter content. 
Ha: Compost amended soils will increase in organic matter 

content. 

H0: Compost amended soils will increase or remain the same 
in terms of soil bulk density. 
Ha: Compost amended soils will decrease in terms of soil 

bulk density. 

H0: 
Ha

 : 
Compost amended soils will not alter soil pH. 
Compost amended soils will alter soil pH. 



CHAPTER 2 

METHODOLOGY 

In planning the expansion of the City of Denton's 

current municipal landfill, an extra step was taken in 

designating a 16.5 m wide bufferzone. Such a bufferzone is 

not required by any existing regulations, however, the City 

was interested in beautifying the area between the roadway 

and the landfill. The bufferzone borders two roadways, 

Mayhill and Edwards Roads and runs approximately 1.5 km in 

distance. In addition to the roadways, a large trailer park 

borders on the other side of Edwards Road. Currently, 283 

containerized trees have been planted to landscape the first 

half of bufferzone where the research was conducted. In all 

likelihood, full implementation of the plan will be double 

this amount. 

The bufferzone was landscaped with 13 different species 

of trees, including overstory and understory varieties of as 

well as deciduous and evergreen species. The ninety-three 

overstory trees (2" caliper minimum) included the following 

species according to City of Denton specifications; 20% 

RedCedar (Junperus virginiana) , 20% Sweetgum (Liquidamber 

17 
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stryaciflua), 20% Loblolly Pine (Pinus taeda), 10% Bur Oak 

(Quercus macrocarpa), 10% Lacebark Elm (Ulmus parvifolia) , 

10% Pecan (Carya illinoisensis), and 10% River Birch (Betula 

nigra). There were 195 understory trees planted (1.5" 

caliper minimum). These include; 25% Afghan Pine (Pinus 

eldarica), 25% East Palatka Holly (Ilex east palatka), 15% 

Oklahoma Redbud (Cercis canadensis), 15% Mexican Plum 

(Prunus mexicana), 10% Stephens Holly (Ilex Nelli R. 

Stephens), and 10% Possumhaw Holly (Ilex decidua). 

Once planted, all trees received a 8 cm layer (0.5 m3) 

of mulch (ground yard waste) in a 4.6 m2 area around the 

base of the tree. For the experimental treatment, a 2.5 cm 

layer of composted biosolids ( 0.15 m3 or 80 Mg/ha) was 

applied before the mulch, in the same 4.6m2 area in 50% of 

all trees across all species. The nutrient content of the 

biosolids compost can be rather variable and the typical 

range of macro and micronutrients in the compost produced by 

the City of Denton are reported in Table 1 below. 

Table 1. Nutrient and pH range of biosolids compost 
produced at the City of Denton's Pecan Creek WWTP. 

Parameter Typical Range 

PH 6.2 to 8.0 

Total Nitrogen 6800 to 12,300 mg/kg dry weight 

Total Phosphorus 5160 to 6600 mg/kg dry weight 

Total Potassium 1140 to 5100 mg/kg dry weight 
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Total Calcium up to 12,700 mg/kg dry weight 

Total Magnesium 520 to 1360 mg/kg dry weight 

Total Zinc 73 to 206 mg/kg dry weight 

Tree growth was documented in terms of height and 

diameter at breast height (DBH) measured on a yearly basis. 

Height was measured by placing a telescoping 4 m transit rod 

delineated in decimeters next to the trunk of the tree and 

recording maximum height. Diameter at breast height (DBH) 

was recorded using a standard caliper delineated in 

millimeters. Growth, in terms of height and diameter, was 

calculated by subtracting the first years measurements from 

the second, thus giving a growth rate of cm or mm per year. 

In addition, root mass was measured in a 10 cm 

diameter, 20 cm deep, core taken from outside the planting 

pit approximately 2 years after planting. Comparisons were 

made between compost amended and control trees across each 

specie of tree. 

Soil samples were taken on a yearly basis for two years 

from below the amendments of the first planting of overstory 

trees (n = 93) in the bufferzone. The first round of 

samples represented conditions at the time of planting, but 

before amendments had been put down. The next samples 

represented change after one year and samples were taken 

from below the surface amendments, that is, the amendments 
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were scraped away before soil samples were removed. These 

samples characterize the backfilled soil and do not, 

therefore, show horizonation, but rather represent the top 

10 cm of planting pit soil. Samples were analyzed for the 

following soil physical parameters; texture (sand, silt, and 

clay), % organic carbon, % organic matter, moisture 

content, pH, and bulk density. In addition, a subsample (n 

=42) of these samples were analyzed for plant available 

micronutrients and macronutrients including; nitrate-

nitrogen, phosphorus, potassium, calcium, magnesium, 

salinity as NaCl, zinc, iron, manganese, copper, sodium, and 

sulphur. These chemical analyses aim to detect differences 

in leached materials from the treatment versus controls. 

The fence surrounding the landfill area is completed 

and borders on roughly 850 m of Mayhill Road. The trees in 

this study were established in front of the first 500 m long 

section of the landfill area along Mayhill road. Overstory 

tree identification numbers increase as one moves northward 

up Mayhill road. The trees were planted on a 23 m2 basis 

with each 23 m2 area (a grid) containing 7 overstory trees 

and 13 understory trees. Fifteen grids make up the first 

500 m long section of the bufferzone. One grid was not 

planted due to the presence of a man-made pond which has 

recently been re-contoured and drained. 
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Planting pits were excavated with a track-hoe to an 

average depth of 45 cm (though this varied with individual 

root-mass depth) and a width of 105 cm (roughly double the 

width of the tree container). Trees were removed from 

containers, the root mass scored with a box-cutter every 10 

cm to a depth of roughly 2 cm. 

Trees were then placed in planting pits so that the 

surface of the container media was even with the surrounding 

ground and such that the trunk was as vertically straight as 

possible. The planting pit wall was then ripped with a 

small potato rake to avoid glazing of the pit walls. Next, 

dirt was pushed back into the planting pit with either the 

track-hoe or manually by shovel. The surface was filled 

nearly even with the surrounding ground and was slightly 

packed by tamping to keep the tree straight. 

Several weeks later, a 2.5 cm compost amendment (0.15 

m3 or 80 Mg/ha) was applied in a circular area of 4.6 m2 

around the trunks of 50% of the trees, selected at random by 

species. Then an 8 cm layer (0.5 m3)of wood chips (from the 

residential yard trimmings collected and ground up by the 

City of Denton) were applied in the same circular 4.6 m2 

area as the compost on both amended trees and control trees. 

Trees were labeled with aluminum identification tags 

and received occasional supplemental water in the summer of 
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1997. Watering was insufficient to keep trees green 

throughout the dry summer and many trees died or shed all 

their leaves. Some eventually put on new leaves but many 

suffered severe scorching during this period. A major 

drought occurred during the summer of 1998 and watering was 

again insufficient to prevent mortality of less established 

trees. More consistent watering was not established until 

August 1998. 

Soil samples were taken from 93 planting pits used for 

establishing trees along the Mayhill side of the bufferzone. 

Samples were labeled with tree identification numbers 

matching the aluminum tree tags. The tree tags did not 

indicate experimental conditions so samples were taken 

without knowledge of the trees' experimental status. 

Surface amendments were first scraped away then samples were 

taken using a small trowel. Samples were taken to a depth 

of 10 cm, placed in ziplock bags, and upon return to the UNT 

Soils Lab, the bags were opened and allowed to air dry. 

Samples were weighed then passed through a 2 mm sieve and 

rocks larger than 2 mm were separated and weighed. All 

samples were split using a riffle splitter (to assure 

randomization of particle size) into subsamples for the 

various analyses performed (Table 2). 
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Table 2. Volumes of samples split for each analysis 

Analysis Amount of Sample 

Macro/Micronutrient 200 g 

Save 40 g 
Particle Size 40 g 
Organic Carbon 20 g 
Organic Matter/ Moisture Content 10 g 

PH 10 g 

Macronutrients and micronutrients present in the soil 

samples were analyzed for representative samples (n = 42, 

2 00g samples) by the Texas Agricultural Extension Service 

Laboratory at Texas A & M University. The methods used for 

analysis are summarized below. These methods were provided 

by Dr. Tony Provin, the laboratory director. 

Soil salt, or salinity was a measurement of water-

soluble salts in solution expressed in mg NaCl/kg (Rhoades 

1982). Nitrogen analysis was N03-N 0.1M KCl extraction, 

chemical reduction of N03 to N02 and analyzed 

colormetrically (Nelson and Keeney 1982 {modified from 1.0 M 

KCl to 0.1 KCL to reduce salting difficulties}). 

Phosphorus, potassium, calcium, magnesium, sodium and 

sulphur were extracted with 1.4 M NH40Ac and 0.025 M EDTA, 

pH 4.2 (Hons, et al. 1990). The micronutrients zinc, 

copper, iron and manganese were extracted with DTPA (Lindsay 

and Norvell 197 8). 

Soil particle size was analyzed using the pipette 

method (Gee and Bauder 1986) found in Methods of Soil 
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Analysis (Klute 1986). Approximately 35 g of soil was 

weighed out and placed in a 500 ml beaker. Next 10 ml of a 

calgon solution was placed on top of the sample along with 

20 ml of de-ionized water. The sample was then stirred and 

allowed to sit for one hour. Following settling, the sample 

was poured into a metal container and the beaker was rinsed 

out completely into the metal container with de-ionized 

water. The electric mixer was then placed into the 

container and the mixture was stirred rapidly for 25 

seconds. Next the mixture was poured into a l l graduated 

cylinder and the container was rinsed into the cylinder with 

de-ionized water. The cylinder was then filled to the 1 1 

meniscus line with de-ionized water and placed into a large 

water bath held at 24 C. The cylinder was allowed to sit 

in the bath for exactly 4 hours. Then a pipette was lowered 

exactly 6.2 cm into the cylinder and exactly 25 ml of the 

solution was removed and placed into a labeled 40 ml beaker. 

This beaker was then transferred into an oven set at 105 ° C 

overnight. The difference between the beaker weight and the 

beaker weight plus sample was used along with the original 

sample size to calculate the percentage of clay in the 

sample. The graduated cylinder was then poured through a 2 

um sieve and the sand trapped in the sieve was placed into 

labeled 500 ml beakers. The sand was subsequently dried in 

an oven overnight at 105° C and weighed. The weight of the 

sand and the original sample was used to calculate the 
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percentage of sand in the sample. Silt was calculated as 

the remainder of the soil not accounted for by clay and sand 

particle sizes. 

Organic carbon was measured for each sample using the 

Walkley Black titration method (Walkley 1947). First, the 

20 g sample split was ground using a porcelain mortar and 

pestle until the sample could be passed through a 0.5 mm 

sieve. Two grams of each sample was then weighed out to the 

nearest mg and placed in a 500 ml Erlenmeyer flask. Ten ml 

of potassium dichromate was added to the sample in the 

flask. Next 20 ml of concentrated sulfuric acid were added 

to the sample and agitated for one minute. The mixture was 

left to cool for 3 0 minutes then 2 00 ml of deionized water 

was added followed by 3 to 4 drops of phenyl indicator. 

Finally, the sample was titrated with ferrous sulfate. The 

amount of ferrous sulfate required for a color change to 

cherry red was recorded and along with the sample weight was 

used to calculate the amount of organic carbon. 

Moisture content and organic matter content were 

analyzed using the same 10 g sample. The sample was first 

weighed out to the nearest mg and then placed in a labeled 

crucible. Each sample was then placed in an oven at 105°C 

for at least 8 hours. The sample was then re-weighed and 

the weight recorded. Next, to measure organic matter, the 

sample was placed in a muffle furnace at 550 ° C for one hour 

and then re-weighed and. the weight was recorded. 
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Calculations were made based on the before and after weight 

for both moisture content and organic matter. The resulting 

figures gave the moisture content and organic matter content 

in a percentage of the total sample. 

Soil pH was analyzed according to McLean (1982) as 

found in Methods of Soil Analysis Part 1 (Page et al. 1982). 

A 10 g sample was weighed, the weight recorded, and the 

soil was placed in a clean, plastic bag. Then an equivalent 

amount of milli-Q water was added to plastic bag (9.8 ml 

water for 9.8 g soil). The mixture was stirred and allowed 

to equalize for 30 minutes. The pH meter was calibrated for 

pH 4 and pH 7 using standard calibrating solutions. Thirty 

minutes after stirring the mixture was stirred again, a pH 

electrode was placed in the solution and the resulting pH 

recorded. 

Soil bulk density was calculated according to Rawls 

(1983). This methodology uses the percentage of sand, silt, 

and clay plus the amount of organic matter present to 

estimate the soils' bulk density. The equation uses the 

average organic matter bulk density (0.224 g/cm3) and 

mineral bulk density which is determined from a contour map 

of percent sand and percent clay. 

Statistical analyses were performed on collected data 

using PC-SAS ver. 6.04 and included both parametric and non-

parametric methods. Data transformations were used only for 

pH analysis. Data sets were compared using T-Tests and Mann 
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Whitney U-Tests. Correlation analyses were also performed 

between soil parameters to identify parameters that are 

linked, most typically by texture. Other factors such as 

those related to tree growth may be correlated or regressed 

against clay content. 



CHAPTER 3 

RESULTS 

Soil Particle Size and Correlation Data 

Soil particle size is a very important measurement 

because it can have significant effects on a number of 

variables analyzed within the context of this study. The 

soil particle size of the backfill soils in this study were 

found to be rather variable with clay varying between 2.5 

and 37.8% of the soil content and sand varying between 24.8 

and 84.9% of the soil content. Although there was no 

distinct trend, the soil generally decreased in sand and 

increased in clay proceeding north from overstory tree 1 to 

overstory tree 101 up Mayhill Rd (Fig. 2). 

To determine which parameters are most strongly 

influenced by particle size, correlation analyses were 

performed using soil percentage of sand and clay against all 

other measured parameters. Clay and sand were significantly 

negatively correlated with each other (Pearson Correlation 

coefficient r = -0.7415, p = 0.0001) therefore when a 

variable positively correlates with clay it will likely 

negatively correlate with sand. Instead of going through 

each negative correlation of this type, generally only 

28 
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Figure 2. Sand, silt and clay 
content of backfill 
soil. 
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positive correlations will be presented, however, all 

correlation coefficients are summarized in Tables 3 & 4. In 

addition, only correlations with r-values above 0.7 will 

be considered significant regardless of p-values. 

Table 3. Pearson Correlation Coefficients for all backfill 
soil parameters measured before the application of 
amendments (n= 42 for micro/macronutrients correlations, n = 
93 for others). 

Parameter Clay Sand Organic 

Carbon 

Organic 

Matter 

PH Bulk 

Dens 

Clay -.5022** 

Sand -.7414** .8746** 

Org.Car.% -.0657 -„2297* .5694** 

Org.Mat.% ,7792** -.7740** .4851** -.8188** 

PH ,0881 .0062 .2403* .0654 .1306 

Moisture% 9332** •.7255** .0783 .8315** -.0456 -.5768** 

N-N03 -.6199** .3455* .2595 -.3926* .1031 

,2904 .4623* ,3519* .4333* -.1800 

K ,7604** .7672** .3000 .8083** -.1747 

CA ,6518** -.6168** 0780 .7443** -.0984 

MG ,8938** -.8745** 1121 . 8780** -.1519 

NACL ,2396 -.1533 -.0795 1745 .7226** 

ZN 0549 .1461 .0503 0231 -.0070 

FE .4463* .2740 .1591 -.3451* 0152 

MN -.1038 .1428 ,1906 - .3237* 6271** 

CU ,3548* , 6872** .3258* ,4539* -.0112 

NA 7904** .6549** -.1473 ,5891** -.0812 

,4068* - .2713 - .2520 .2476 . 8723 

* INDICATES SIGNIFICANT @0.05 **INDICATES SIGNIFICANT @ 0.0001 
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Table 4. Spearman Correlation Coefficients for all backfill 
soil parameters measured before the application of 
amendments (n = 42 for micro/macronutrient correlations, n = 
93 for all others). 

Parameter Clay Sand 0C 0M PH Bulk 

Density 

Clay .4396** 

Sand -.7313** .8605** 

OC -.0487 .2400* -.5842** 

OM .7398** -.7726^ , 5288^ - .8009** 

pH .0032 - .0883 - .1235 -.0772 .1151 

MC ,9343** ~.7148** ,1074 ,8039** -.1208 .5164** 

N-N03 .6512** .3969* . 2 2 6 8 .3926* .2974 

.1888 .4534* .3688* ,4642* ,4355* 

K .7119** .7418** .3695* ,8195** ,3858* 

CA .7264** .7351** .2624 8190** - . 6 0 6 8 * * 

MG ,8438** 8877** .2641 ,8985** -.4589* 

NACL .2201 -.1444 .1671 ,2434 0963 

ZN .2259 -.1341 ,1677 -.0751 ,1656 

FE -.4467* .3186* ,0474 .4280* . 4948"1 

MN - .2170 1353 - .00284 -.3245* . 6 0 8 0 * * 

CU .3526* - . 7092** ,3815* ,5355* 1636 

NA .8165** -.6910** 0525 ,6857** -.5602** 

8471** .6569** .0534 ,6643** -.3331* 

* INDICATES SIGNIFICANT @0.05 **INDICATES SIGNIFICANT @ 0.0001 

Clay significantly correlates with soil organic matter 

(Fig. 3; r = 0.7398 p = 0.0001) and soil moisture content 

(Fig. 4; r = 0.9343 p = 0.0001). In addition, clay 
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Figure 3. Percent organic matter 

and percent clay-

correlation. 
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Figure 4. Percent moisture content and 

percent clay correlation. 
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Figure 5. Plant available 

potassium and percent 

clay. 
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significantly correlates with the macronutrients potassium 

(Fig. 5; r = 0.7119 p = 0.0001), calcium (Fig. 6; r = 0.7264 

p = 0.0001), and magnesium (Fig. 7; r = 0.8438 p = 0.0001), 

as well as the micronutrients sodium (Fig. 8; r = 0.8165 p = 

0.0001) and sulfur (Fig. 9; r = 0.8471 p = 0.0001). 

Potassium, calcium, magnesium, and sodium are all typically-

associated with clay particles as they are all products of 

weathering (Jenny 1980). This is usually true if the 

clay's origin is rock with the six primary minerals; 

olivine, augite, hornblende, quartz, feldspars and micas 

(Jenny 1980). Since the Woodbine Formation is derived from 

erosional products from the Arbuckle mountains (during the 

Late Cretaceous) to the north, which likely contain these 

six primary minerals, it is logical to expect the 

correlations observed in this study. 

Soil sand content was found to only significantly 

positively correlate with bulk density (Fig. 10; r = 0.8605 

p = 0.0001). Sand and bulk density are typically associated 

in a negative correlation relationship since sand particles 

allow for greater pore space and therefore lower bulk 

density. However, possibly because of the method used for 

calculating bulk density, this was not the case. 

No clear trend was noted in the distribution of organic 

carbon in backfill soil. Organic carbon was not 

significantly correlated with any of the measured 

parameters. Typically organic carbon makes up 48 to 58% of 
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Figure 6. Plant available calcium 

and percent clay 

correlation. 



41 

O 
"3_ 

o 
CO 

O § CM Z-0 Q_ 

_c0 
O 

E 
'o 
co 
O 

o 
o 
o 

o 
o 
o 
CM 

o 
o 
o 
CO 
o 
o 
o 
1̂-
o 
o 
o 
LO 

CL Q_ 

CM CO CM CM m co 
CO 
h- CM oo 

* 

Q> CO 00 
o> 

# 00JJL 

E Q. 
Q. 
o 
o 
CO 

0 
CO > 

"co 
3 

•4—» o 
CO 



42 

Figure 7. Plant available 

magnesium and percent 

clay correlation. 
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Figure 8. Plant available sodium 

and percent clay 

correlation. 
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Figure 9. Plant available sulfur 

and percent clay 

correlation. 
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Figure 10. Soil bulk density and 

percent sand 

correlation. 
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organic matter weight (Nelson and Sommers 1982) and it would 

be expected that a positive correlation between these two 

variables would be observed. However, the r-value for these 

two variables was only 0.5288 (with a p-value of 0.0001) 

which falls short of the r-value requirement stated earlier 

(r = 0.7000) for significance. 

Organic matter was found to be significantly positively 

correlated with many parameters including moisture content 

(Fig. 11; r = 0.8039 p = 0.0001), potassium (Fig. 12; r = 

0.8195 p = 0.0001), calcium (Fig. 13; r = 0.8190 p = 

0.0001), and magnesium (Fig. 14; r = 0.8985 p = 0.0001). 

However, all of these parameters are also significantly 

positively correlated with clay content, for which organic 

matter is also significantly positively correlated. Since 

these two parameters are strongly correlated, it is sensible 

that they would share positive correlations with the same 

variables. Organic matter also has high r-values for sodium 

(r = 0.6857) and sulfur (r = 0.6643) again similar to clay 

content correlations, but not statistically significant. 

Moisture content was significantly positively 

correlated with clay content (r = 0.9332 p = 0.0001) and 

organic matter (r = 0.8315 p = 0.0001). Both of these 

variables are intimately tied with moisture content of soil. 

Organic matter alters soil structure in such a way so as to 

allow greater moisture content and the structure of clay 

allows for the trapping of water. 
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Figure 11. Percent organic matter 

and percent moisture 

content correlation. 
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Figure 12. Plant available 

potassium and percent 

oragnic matter 

correlation. 
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Figure 13. Plant available calcium 

and percent organic 

matter correlation. 
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Figure 14. Plant available 

magnesium and percent 

organic matter 

correlation. 
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The soil pH was not found to be significantly positively or 

negatively correlated with any other parameters. However, 

the positive correlation between pH and manganese approaches 

significance with a r-value of 0.6080. As well, a negative 

correlation exists between pH and calcium although it is not 

significant (r = 0.6068). 

Finally, bulk density was significantly negatively 

correlated with organic matter (Fig. 15: r = -0.8009 p = 

0.0001). Earlier it was noted that sand was surprisingly 

not negatively correlated with bulk density and the 

possibility that the bulk density methodology was likely 

accountable for this was noted. In the calculation used for 

bulk density, organic matter weighs heavier than texture 

does, suggesting that the calculation is the reason that 

sand positively correlates with bulk density. It is 

important to note that organic matter is very significant in 

determining actual bulk density and that different 

methodologies often stress one aspect over another when in 

reality it is a combination of factors. Bulk density was 

not compared to macro and micro-nutrients since there are 

only indirect relationships between these two variables. 

Cluster Analysis 

A cluster analysis based on Euclidean distance was 

conducted on the soil particle size data. This analysis 

yielded three main groups of soil. Group one (medium sand), 
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Figure 15. Soil bulk density and 

percent organic matter 

correlation. 
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consisted of soils with a sandy clay loam to sandy loam 

texture. Group two(high sand), was made up of textures 

ranging from loamy sand to sandy loam. Finally, group 

three(low sand) was made up of higher clay content soils 

including clay loam, loam, and silt loam. These soil groups 

will be discussed only in reference to soil parameters that 

responded significantly differently to the treatment based 

on the soil groups. 

PH 

At the start of the project, before the application of 

top dressings, the soil to be used as treatment and controls 

were found to have a pH considered slightly acidic. The pH 

values ranged from very strongly acidic all the way to 

mildly alkaline, but the majority of the soil samples were 

found to be slightly below neutral. In 1997, before the 

addition of top dressings, there was no significant 

difference between control and treatment soils in terms of 

pH (Mann Whitney U Test p = 0.3083) . 

After the topdressings had been in place for a year, 

the pH of the soils below were medium to slightly acid. 

Again, the range of values included more acidic values, as 

well as, neutral to slightly alkaline values. There was a 

significant decrease in the soil pH associated with backfill 

soil one year after treatment with compost and mulch 

topdressings. (Fig. 16, Mann Whitney U Test p = 0.0123). 
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Figure 16. PH of treatment and 

control soils 1997 to 

1998. 
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However, after one year under the control top dressing of 

just mulch there was no significant change in soil pH (Fig. 

16, Mann Whitney U Test p = 0.6513). In 1998, soil under 

the treatment top dressing had a significantly lower pH than 

soil under the control top dressing (Mann Whitney U Test p = 

0.0087). 

Organic Carbon 

The organic carbon content of the backfill soil prior 

to the application of topdressings was fairly low. No 

significant difference was detected between control and 

treatment soils in terms of organic carbon content in 1997 

before the application of topdressings (T-Test with equal 

variances p = 0.7478). 

Organic carbon content of the control and treatment 

soils were still rather low one year after the initial 

application of topdressings. In the case of the treatment 

topdressing including both compost and mulch, a significant 

increase in the soil organic carbon content (0.67% to 0.7 8%) 

was detected from 1997 to 1998(Fig. 17, T-Test with equal 

variances p = 0.0149) . There was, however, no significant 

change in the organic carbon content (0.66% to 0.7 0%)of the 

control soils over the same time period (Fig. 17, T-Test 

with equal variances p = 0.3786). In 1998, the treatment 

soil had a significantly higher organic carbon content than 

did the control soil (One Way T-Test with equal variances p 
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Figure 17. Organic carbon in 

treatment and control 

soils 1997 to 1998. 
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= 0.0388). 

The soil texture groups did initially affect the amount 

of organic carbon present in the soil. An ANOVA analysis 

detected a significant difference (p = 0.0347) in the 

treatment soils' organic carbon content. A Student Newman 

Keuls Test indicated significantly higher organic carbon in 

the low sand/high clay group with the high sand and medium 

sand groups not distinguished from each other. One year 

after the application, however, there were no significant 

differences between the groups. 

Organic Matter 

Prior to the application of surface amendments the 

organic matter content of the backfill soil was on average 

about 3% of the soil weight. At this point in time there 

was a significantly greater amount of organic matter 

detected in the control soil (3.58%) relative to the soil 

that would receive the treatment (3.20%) top dressings (One 

Way T-Test with equal variances p = 0.0399). However, after 

one year of the surface amendments being in place there was 

no longer a significant difference between the control and 

treatment soil (T-Test with equal variances p = 0.4188). 

This likely represents a decline in the control soil in 

terms of organic matter (3.58% to 3.43%) and a subsequent 

rise in the organic matter present in the treatment soil 

(3.20% to 3.26%). However, there was no statistically 
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Figure 18. Organic matter in 

treatment and control 

soils 1997 to 1998. 
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significant change in either control or treatment soil in 

terms of organic matter content after a year (Fig. 18; T-

Test with equal variances p = 0.5302 and p = 0.7324 

respectively). 

Moisture Content 

Moisture content of the backfill soil was initially 

measured before the application of surface amendments. The 

average amount of moisture in the soil at this time was 

about 2.5%. There was no significant difference in terms of 

soil moisture between soils that were to serve as treatments 

relative to soils that would serve as controls (Mann-Whitney 

U-Test p = 0.1214). However, there was close to a 

significantly greater amount of soil moisture in the 

treatment group at this point in time. One year following 

the application of control and treatment amendments there 

was still no significant difference between control and 

treatment soils in terms of moisture content (Mann-Whitney 

U-Test p = 0.1572) . Twelve months after treatment there was 

a highly significant decline in soil moisture in both 

treatment (2.23% to 1.37%) and control soil (2.71% to 1.64%) 

relative to one year prior (Fig. 19; Mann-Whitney U-Test p = 

0.001 and p = 0.0001). This is believed to be related to 

laboratory alterations (humidity controls in AC/Heating) and 

is not believed to represent actual changes in the soil 

moisture content. This will be discussed further in the 
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Figure 19. Moisture content in 

treatment and control 

soils 1997 to 1998. 
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discussion section. 

Soil Bulk Density 

The bulk density of the backfill soil was calculated 

based on the bulk density and percentage of organic matter 

and the bulk density and characterization of the soil 

texture. Before the application of surface amendments there 

was no significant difference in soil bulk density between 

control and treatment soils (T-Test with equal variances p = 

0.1280). One year after the application of the control and 

treatment amendments, there was still no significant 

difference between soil bulk density in control and 

treatment soils (T-Test with unequal variances p = 0.2646). 

In both groups there was an increase in soil bulk density 

from time zero to time one (control 1.22 to 1.25 g/cm"3; 

treament 1.25 to 1.27 g/cm-3) , however, this did not 

represent a significant increase in either control or 

treatment soils (Fig. 20; T-Test with equal variances p = 

0.1480 and p = 0.2199). 

Soil Macronutrients 

Ni trate-Nitrogen 

Backfill soil analyzed in 1997 showed rather low 

concentrations of nitrate nitrogen before the addition of 

control and treatment top dressings. In the 1997 backfill 
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Figure 20. Soil bulk density of 

treatment and control 

soils 1997 to 1998. 
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Figure 21. Plant available 

nitrate-nitrogen in 

treatment and control 

soils 1997 to 1998. 
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soil samples, there was not a significant difference between 

nitrate nitrogen content of controls versus treatment soils 

(Mann Whitney U-Test p = 0.1713) . 

The 1998 sampling of these same backfill soils one year 

after the application of control and treatment top dressings 

yielded much different results. The backfill soils that 

were topdressed with the compost and mulch showed a highly 

significant increase in the available soil nitrate nitrogen 

(Fig. 21; Mann Whitney U-Test p = 0.0001). However, the 

backfill soils that received the control treatment of only a 

mulch top dressing also saw a highly significant increase in 

available nitrate nitrogen (Fig. 21, Mann Whitney U-Test p = 

0.0005). While both treatment and control soils showed 

highly significant increases the actual increase was quite 

different. Treatment soils increased nearly four times the 

original mean nitrate concentrations (5.23 ppm 1997 to 21.43 

ppm 1998) while control soils only saw a little more than a 

doubling of the mean available nitrate nitrogen (4.95 

ppm 1997 to 11.48 ppm 1998). In fact, there was a 

significant difference in available nitrate nitrogen between 

control and treatment soils (Mann Whitney U-Test p = 0.0140) 

in 1998. 

Phosphorus 

In the analyses of backfill soil from 1997 the 

available phosphorus in both control (1.90 ppm) and 
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Figure 22. Plant available 

phosphorus in treatment 

and control soils 1997 

to 1998. 
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treatment (1.71 ppm) soils were quite low before the 

addition of the top dressings. There was no significant 

difference in 1997 between control and treatment backfill 

soils in terms of the available phosphorus content before 

the addition of top dressings (Mann Whitney U-Test p = 

0.4412) . 

One year after the addition of both treatment and 

control top dressings significant differences emerged. In 

the case of the compost amended top dressings, there was a 

highly significant increase in available phosphorus in the 

backfill soil (Fig. 22, Mann Whitney U-Test p = 0.0001). In 

the control top dressing of only mulch, there was also a 

highly significant increase in the backfill soils available 

phosphorus (Fig. 22, Mann Whitney U-Test p = 0.0001). 

While both treatment and controls increased the available 

phosphorus, the amount of phosphorus made available was 

quite different. In the compost treatment phosphorus 

dramatically increased from 1.71 ppm to 39.78 ppm, but in 

the control treatment the available phosphorus increased 

from 1.90 ppm to 8.10 ppm. In fact, there was a highly 

significant difference between the available phosphorus in 

the compost treatment compared to the control (Mann Whitney 

U-Test p = 0.0001) 

Potassium 

In 1997 before top dressings were applied, the 
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Figure 23. Plant available 

potassium in treatment 

and control soils 1997 

to 1998. 
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potassium available in the backfill soil was low in both 

control and treatment soils. The 1997 sampling of backfill 

soils demonstrated no significant difference in the amount 

of available potassium in control and treatment soils (T-

Test with equal variances p = 0.6826). 

In 1998, one year after the application of control and 

treatment top dressings, potassium alterations were similar 

between treatment and control soils. The treatment of 

compost and mulch resulted in a highly significant increase 

(78.1 to 150.3 ppm) of available potassium (Fig. 23, T-Test 

with unequal variances p = 0.0001). However, the control 

treatment of only mulch also resulted in a highly 

significant increase (82.0 to 168.3 ppm) in the potassium 

available in the backfill soil (Fig. 23, T-Test with equal 

variances p = 0.00001). Distinctly different from the 

earlier results, there was not a significant difference in 

available potassium between the treatment and control soils 

(T-Test with equal variances p = 0.5696). 

Calcium 

In 1997, the available calcium content of the backfill 

soil was relatively high, though somewhat variable. The 

available calcium in the control and treatment soils was not 

significantly different in 1997 (Mann Whitney U-Test p = 

0.1743). 

The following year in 1998, analyses of backfill soils 
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Figure 24. Plant available calcium 

in treatment and 

control soils 1997 to 

1998. 
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showed changes only .in soils under the compost top dressing. 

Those soils top dressed with the compost and mulch treatment 

showed a significant increase (1440 to 1946 ppm) in the 

amount of available calcium (Fig. 24, T-Test with equal 

variances p = 0.0056). However, there was no significant 

change (2115 to 2185 ppm) in the available calcium content 

of control soils (Fig. 24, Mann Whitney U-Test p = 0.1589). 

The increase of available calcium in the treatment soils 

actually made the control and treatment soils more similar 

in terms of available calcium. Statistical analysis of these 

data yielded no significant difference in available calcium 

between treatment and control soils (Mann Whitney U-Test p = 

0.3786) 

Magnesium 

The backfill soils analyzed in 1997 showed moderate 

levels of available magnesium before the addition of top 

dressings. There was no significant difference between 

treatment and control soils in 1997 before the addition of 

top dressings (Mann Whitney U-test p = 0.2321). 

In 1998, after one year of the top dressings being in 

place, available magnesium in the soil below the surface 

amendments had not changed. Treatment soils decreased in 

available magnesium (434.2 to 351.2 ppm), but did have any 

significant changes in available magnesium (Fig. 25, Mann 

Whitney U-Test p = 0.4355). There was also a reduction in 
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mean available magnesium in the control soils (577.1 to 

430.7 ppm) , however, this did not result in a statistically-

significant decrease either (Fig. 25, Mann Whitney U-Test p 

= 0.4065). The 1998 soil analyses results indicated that 

there was no statistically significant difference between 

control and treatment soils one year after the addition of 

top dressings (Mann Whitney U-Test p = 0.1344). 

Iron 

Iron concentration of backfill soils before the 

application of surface applications were found to be 

relatively high in both treatment (17.4 ppm) and control 

soils (15.9 ppm) in 1997. Before the application of 

surface amendments, the available iron content of both 

control and treatment soils was not significantly different 

(Mann Whitney U Test p = 0.4355). 

One year after the application of top dressings, in 

1998, the available iron content of the backfill soils was 

still considered high. Those backfill soils that received a 

treatment of compost and mulch showed a significant increase 

(17.4 to 21.8 ppm) in the available iron content after a 

year under such conditions (Fig. 26; Mann Whitney U Test 

(one-way) p = 0.0371). During the same period of time, the 

control with just the addition of mulch, showed no 

significant change (15.9 to 13.9 ppm) in the available iron 

content of the soil (Fig. 26, Mann Whitney U Test p = 
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Figure 25. Plant available 

magnesium in treatment 

and control soils 1997 

to 1998. 
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Figure 26. Plant available iron in 

treatment and control 

soils 1997 to 1998. 
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0.3651). After a year under the top dressings, the backfill 

soils representing control and treatments were highly 

significantly different in terms of their available iron 

content (Mann Whitney U Test p = 0.0018). 

Manganese 

The available manganese of backfill soils, before the 

application of top dressings, was relatively high in 1997. 

There was no statistically significant difference in terms 

of available manganese between treatment and control soils 

in 1997 (Mann Whitney U Test p = 0.1824). 

In 1998, one year after the addition of top dressings, 

the available manganese content of the backfill soils was 

still high. The top dressing treatment consisting of both 

compost and mulch resulted in a significant increase (6.7 to 

9.9 ppm) in available soil manganese from 1997 to 1998 (Fig. 

27, Mann Whitney U Test p = 0.0030). The control top 

dressing of mulch alone also resulted in a significant 

increase (5.84 to 7.96 ppm)in the amount of available 

manganese present in the backfill soil from 1997 to 1998 

(Fig. 27, Mann Whitney U Test p = 0.0071) . There was no 

significant difference between treatment and control 

backfill soils in terms of available manganese in 1998 

(Mann- Whitney U Test p = 0.1218). 
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Figure 27. Plant available 

manganese in treatment 

and control soils 1997 

to 1998. 
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Zinc 

The available zinc concentrations present in backfill 

soil, before the application of topdressings in 1997, were 

fairly high. There was no significant difference in the 

amount of available zinc present in control and treatment 

soils in 1997 before the addition of top dressings (Mann 

Whitney U Test p = 0.6324). 

In 1998, one year after the application of top 

dressings, the available zinc content of both treatment and 

control soils was still considered high. There was a 

significant increase (0.58 to 0.85 ppm) in the amount of 

available zinc in soils under a top dressing of compost and 

mulch one year after the application (Fig. 28; Mann Whitney 

U Test p = 0.0029). However, there was no statistically 

significant change (0.49 to 0.56 ppm) in soils which 

received a control top dressing of just mulch (Fig. 28; 

Mann Whitney U Test p = 0.6147). Statistical analysis 

revealed a significantly greater amount of available zinc in 

soil receiving compost and mulch versus soil just receiving 

mulch (Mann Whitney U Test p = 0.0012). 

Soil texture groups also seemed to influence how much 

zinc was available in soil under the treatment top 

dressings. In 1997, there was no significant difference 

between soil groups before the addition of the compost and 

mulch treatment (Kruskall Wallis Test p = 0.2772). However, 

one year later a Student Newman Keuls Test showed zinc was 
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Figure 28. Plant available zinc in 

treatment and control 

soils 1997 to 1998. 
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significantly higher in the medium sand group than the high 

sand and low sand groups (ANOVA p = 0.0148). 

Copper 

Backfill soil analyzed in 1997 before the application 

of topdressings revealed fairly high amounts of available 

copper in both treatment and control soils. In 1997, no 

significant difference was detected between control and 

treatment plots in terms of the amount of available copper 

present in the soil (T- Test with equal variances p = 

0.9532). 

The amount of available copper was still considered 

high in soil samples analyzed in 1998, one year after the 

application of top dressings. Topdressings including both 

compost and mulch significantly increased (0.52 to 0.71 ppm) 

the amount of available copper in the soil from 1997 to 1998 

(Fig. 29; T-Test with equal variances p = 0.0010). On the 

other hand, mulch topdressings resulted in no significant 

change (0.53 to 0.49 ppm) in the amount of available copper 

present in the soil (Fig. 29; T-Test with equal variances p 

= 0.3908). There was highly significantly more available 

copper in the treatment soils versus the control soil in 

1998 (T-Test with equal variances p = 0.00001). 
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Figure 29. Plant available copper 

in treatment and 

control soils 1997 to 

1998. 
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Salinity 

Soil salinity was quite low in 1997 before the top 

dressings were applied. No statistically significant 

difference was detected in soil salinity between control and 

treatment plots in 1997 (Mann Whitney U-Test p = 0.2735) . 

By 1998, the salinity of the soils analyzed in this 

research was still considered quite low, however, some 

changes had occurred since the application of top dressings 

in 1997. The treatment soils which had been top dressed 

with compost and mulch showed a statistically significant 
/' 

increase in the amount of salinity in the soil (Fig. 30; T-

Test with unequal variances p = 0.0222). However, there was 

no significant change in the salinity of the control soils 

(Fig. 30; Mann Whitney U-Test p = 0.4964). While 

statistically significant, the salinity in treatment soils 

only increased a small amount from 92.0 to 115.86 ppm while 

the change in control salinity was also small decreasing 

from 107.7 to 102.86 ppm . Statistical analysis showed no 

significant difference between control and treatment soil 

salinity one year after the addition of top dressings (Fig. 

44; Mann Whitney U-Test p = 0.1035) . 

Sodium 

Before the addition of top dressings in 1997 backfill 

soils had only low amounts of available sodium. The 

concentration of available sodium in treatment and control 
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Figure 30. Salinity as NaCl in 

treatment and control 

soils 1997 to 1998. 
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Figure 31. Plant available sodium 

in treatment and 

control soils 1997 to 

1998. 
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soils was not significantly different in 1997 (Mann Whitney 

U-Test p = 0.3853). 

The 1998 sampling of treatment and control soils 

indicated that the amount of available sodium in these soils 

was still low. Soils under the treatment regime of compost 

and mulch top dressings showed no significant change (55.1 

to 48.5 ppm) in the amount of available sodium from 1997 to 

1998 (Fig. 31; Mann Whitney U-Test p = 0.0558). Similarly, 

soils under the control regime of a topdressing of only 

mulch also saw no significant change (76.8 to 54.4 ppm) in 

terms of available sodium (Fig. 31; Mann Whitney U-Test p = 

0.6323). Both soils saw a reduction in the amount of 

available sodium as well as a decrease in the variability of 

sodium. However, there was no statistically significant 

difference between treatment and control soils one year 

after the application of top dressings (Mann Whitney U-Test 

p = 0.1694). 

Sulfur 

Available sulfur in both treatment and control backfill 

soils was rather low in 1997 before the application of top 

dressings. Before the addition of top dressings in 1997 

there was significantly more available sulfur present in the 

control soils relative to the treatment soils (Mann Whitney 

U-Test p = 0.0451). 

Available sulfur was still low one year after the 
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addition of top dressings. In the case of the compost and 

mulch top dressing there was no significant change (21.6 to 

20.5 ppm) in available sulfur from 1997 to 1998 (Fig. 32; 

Mann Whitney U-Test p = 0.7526). However, there was a 

significant decline in the amount of available sulfur (36.9 

to 20.3 ppm) in the mulch only top dressing (Fig. 32; Mann 

Whitney U-Test p = 0.0112). There was no statistically 

significant difference between the amount of available 

sulfur in control soils relative to the amount in treatment 

soil (Mann Whitney U-Test p = 0.1531). 
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Figure 32. Plant available sulfur 

in treatment and 

control soils 1997 to 

1998. 
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Tree Survival and Growth 

Juniperus virginiana 

A total of 22 redcedars were initially planted in the 

bufferzone in 1997. Twelve of these trees were planted 

under treatment conditions and the other ten were planted 

under control conditions. At the end of the first growing 

season those in the treatment group had suffered a mortality 

of 42% and those in the control group had a mortality of 

60%. By the end of the second growing season mortality in 

the treatment group had increased to 67%, however, the 

mortality of trees in control group had remained unchanged 

at 60% (Fig. 50). 

The remaining trees were then evaluated in terms of 

height and diameter growth after one season. This left 

datasets of unequal sizes to be compared. The statistical 

results are listed in Appendix C. When the trees were 

originally planted in 1997 the control group was 

significantly taller than the treatment group and also had a 

significantly greater diameter relative to the treatment 

group (T-Test with equal variances p = 0.0546 and 0.0065 

respectively). When the treatment and control group were 

measured again after one growing season there had been 

little change. After one growing season, there had been no 
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Figure 33. Mortality of 

overstory 

trees 1997 to 

1998. 
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significant change in height in redcedars grown under 

treatment (2.7 m to 2.7 m) or control (2.9 to 2.93 m) 

conditions (T-Test with equal variances p = 1.0000 and p = 

0.9525). Redcedars grown under control conditions 

experienced no significant change (29.4 to 32.5 mm) in terms 

of diameter after the first growing season (T-Test with 

equal variances p = 0.2841). However, those redcedars grown 

under treatment conditions did experience a statistically 

significant increase (22.2 to 24.2 mm) in mean diameter 

after one growing season (One Way T-Test with equal 

variances p = 0.0335). As was the case when the trees were 

originally planted, the trees under control conditions were 

both taller in height and greater in diameter after one 

growing season (T-Test with equal variances p = 0.0438 and p 

= 0.0001). It is important to note that these differences 

represent no change from the initial planting. 

At the end of the second growing season, the number of 

trees in control and treatment groups were equal. There 

was, however, no significant difference between control and 

treatment groups in terms of height or diameter after two 

growing seasons (T-Test with equal variances p = 0.6445 and 

p = 0.2615 respectively). No significant growth was 

documented in the control group (2.93 to 3.12 m) in terms of 

height (T-Test with equal variances p = 0.1348) but there 
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was a significant growth (32.5 to 39.6 mm) found in terms of 

diameter (T-Test with equal variances p = 0.0136). The same 

was true of the treatment group where height (2.7 m to 3.05 

m) did not significantly increase (T-Test with equal 

variances p = 0.1144), but diameter did (24.2 to 36.3 mm; T-

Test with equal variances p = 0.0018). 

Growth rates were calculated based on the growth in 

terms of height and diameter at the end of each growing 

season. Growth, in terms of height, was at or near zero in 

both control and treatment groups at the end of the first 

season. Following one season of growth there was no 

statistically significant difference between control and 

treatment groups in terms of height and diameter growth 

rates (Fig. 34 and Fig. 35; Mann Whitney U Test p = 0.2568 

and T-Test with equal variances p = 0.4980 respectively). 

The growth rate after the second growing season was not 

significantly different between control and treatment groups 

in terms of height (Fig. 34; T-Test with equal variances p = 

0.2024) and in terms of diameter (Fig. 35; T-Test with equal 

variances p = 0.2201). In the control group there was a 

significant increase in the height growth rate from season 

one to season two (One Way T-Test with unequal variances p = 

0.0300), but no change in terms of diameter (T-Test with 

equal variances p = 0.2232). The treatment group, however, 
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Figure 34. Height growth rates of 

overstory trees under 

control and treatment 

topdressings 1997 to 

1998. 
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Figure 35. Diameter growth rates 

of overstory trees 

under control and 

treatment topdressings 

1997 to 1998. 
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saw significant increases in both the height growth rate and 

the diameter growth rate from the first to second season 

(One Way T-Test with equal variances p = 0.0463 and p = 

0.0112). 

Liquidamber stryaciflua 

Initially, a total of 16 containerized sweetgums were 

planted in the bufferzone. Half of those trees planted were 

under treatment conditions and the other half were under 

control 

conditions. After one growing season of being planted, 

those in the treatment group had declined by 37.5% or a loss 

of 3 individual trees. However, those under control 

conditions suffered no mortality during the same period. At 

the end of the second growing season mortality in the 

control group had risen to 37.5% and was up to 87.5% in the 

treatment group (Fig.33). 

Height and diameter growth was measured in the 

remaining trees leaving datasets of unequal size. There was 

no significant difference in the height of these two groups 

at this point in time (T-Test with equal variances p = 

0.5207). No significant difference was detected between 

treatment and control groups in terms of diameter prior to 

the first growing season (T-Test with equal variances p = 
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0.4918) . 

A statistically significant increase in both height 

(2.9 to 3.3 m) and diameter (29.4 to 36.4 mm)were found 

after one season of growth in sweetgums under control 

conditions(T-Test with equal variances p = 0.0285 and p = 

0.0016 respectively). After one growing season 

statistically significant growth in terms of height (3.1 to 

3.3 m) and diameter (30.8 to 38.2 mm) was also detected in 

the treatment group (T-Test with equal variances p = 0.1020 

and p = 0.0621 respectively). Although both groups 

experienced significant growth after one growing season, 

there was no significant difference between treatment and 

control groups in terms of height and diameter at this point 

in time (T-Test with equal variances p = 0.9901 and p = 

0.5242 respectively). 

Due to high mortality rate for sweetgums under 

treatment groups it is not possible to compare growth 

measurements between control and treatment groups for the 

second growing season. 

The growth rates for sweetgum were more substantial 

relative to those for redcedar (Appendix C). However, no 

significant difference was detected between treatment and 

controls in terms of height and diameter growth rates after 

one growing season (Fig. 34 and Fig. 35; T-Test with equal 
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variances p = 0.3467 and p = 0.8800 respectively). 

Pinus taeda 

A total of 18 loblolly pines were planted in the winter 

of 1997. The trees were evenly divided among control and 

treatment groups. None of the trees neither under control 

nor treatment conditions suffered any mortality during the 

first growing season. By the end of the second growing 

season, neither treatment nor controls groups had suffered 

any mortality (Fig. 33). 

Since no mortality was experienced in either group the 

corresponding datasets were still even when height diameter 

measurements were made and subsequently compared. When the 

trees were initially planted, the control group had 

significantly greater height than did the treatment group 

(T-Test with equal variances p = 0.0167). There was no 

significant difference in diameter between treatment and 

control trees at the time of planting (T-Test with equal 

variance p = 0.6874). 

Measurements taken at the end of the first growing 

season showed that trees under both treatments were 

experiencing vigorous growth. Both control and treatment 

groups of trees had grown highly significantly in terms of 

height (control 2.5 to 3.05 m; treatment 2.3 to 3.12 m) 
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after one growing season (T-Test with equal variances p = 

0.00001 and T-Test with unequal variances p = 0.0001, 

respectively). The growth in diameter also represents a 

significant increase from the initial planting in both 

treatment (43.8 to 54.1 mm) and control (42.7 to 53.5 mm) 

groups (T-Test with equal variances p = 0.0009 and p = 

0.0028, respectively). However, at the end of one growing 

season there was no statistically significant difference 

between treatment and control trees in terms of height or 

diameter (T-Test with equal variances p = 0.6268 and p = 

0.8313, respectively). It is important to note that this 

represents a change from the initial planting when the 

control trees had a significant height advantage over the 

treatment trees. 

At the end of the second growing season, there was no 

significant difference between treatment and control trees 

in terms of height (T-Test with equal variances p = 0.4362). 

However, the diameter of trees under treatment conditions 

was significantly greater than the diameter of trees under 

control conditions at the end of the second growing season 

(T-Test with equal variances p = 0.0329). Highly 

significant growth was found from the first growing season 

to the second in both groups in terms of height (control 

3.05 to 3.49 m; treatment 3.12 to 3.59 m; T-Test with equal 
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variances p = 0.0040 and 0.0034) and diameter (control 53.5 

to 67.3 mm; treatment 54.1 to 73.4 mm; T-Test with equal 

variances p = 0.0008 and p = 0.00001). 

Loblolly pines had a most remarkable growth rates after 

the first growing season (Appendix C). Although there was a 

substantial difference between the height growth rate of 

control and treatment groups there was no statistically 

significant difference between these two groups (Fig. 34; T-

Test with equal variances p = 0.1212). This p-value is very 

close to significance though. There was also no significant 

difference between control and treatment groups in terms of 

diameter growth rate (Fig. 35; Mann Whitney U Test p = 

0.9648). 

The growth rates based on growth during the second 

growing season were very similar to those documented for the 

first year. Although the growth rate for the treatment 

group was greater than the control group in terms of both 

height and diameter, there was only a statistically 

significant difference detected between the group's growth 

rates in terms of diameter (Fig. 35; T-Test with equal 

variances p = 0.0975). There was no significant difference 

between the groups in terms of height growth rate (Fig. 34; 

T-Test with equal variances p = 0.9827). 
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Quercus macrocarpa 

A total of 9 bur oak trees were planted in the 

bufferzone in the winter of 1997. Five trees were planted 

under treatment conditions and four were planted under 

control conditions. One growing season after planting, only 

one tree had died. The mortality occurred under treatment 

conditions, leaving this group with a mortality of 20% and 

the control group with zero mortality. After two growing 

seasons all trees under the control treatment had died and 

the treatment groups mortality had increased to 40% (Fig. 

33) . 

The one mortality in the treatment group left the 

datasets even with four trees represented by each dataset. 

There was no difference between the height of control and 

treatment trees at this time (T-Test with equal variances p 

= 0.5962). At the time of planting, there was no 

significant difference between control and treatment groups 

of Quercus macrocarpa in terms of diameter (T-Test with 

equal variances p = 0.6889). 

Measurements taken at the end of the first growing 

season revealed some increases in tree height. There had 

been no statistically significant change in the height (2.5 

to 2.6 m) of the control group (T-Test with equal variances 

p = 0.2663). However, the treatment group did see a 
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statistically significant increase in height (2.6 to 2.7 m) 

over the same period of time (T-Test with equal variances p 

= 0.0954). Measurements taken at the end of the first 

growing season indicate no significant height difference 

between control and treatment groups of Quercus macrocarpa 

(T-Test with equal variances p = 0.5941). Neither control 

nor treatment groups saw a statistically significant 

increase in terms of diameter (control 32.4 to 39.2 mm; 

treatment 33.9 to 37.4 mm) after one growing season (T-Test 

with equal variances p = 0.2084 and p = 0.1608 

respectively). Also, there was no significant difference 

between control and treatment groups in terms of diameter 

(T-Test with equal variances p = 0.6516). 

Due to the high mortality experienced during the second 

growing season, insufficient data was available to compare 

the treatment and control groups for this time period. 

The growth rate of bur oaks was somewhat limited after 

the first growing season (Appendix C). After the first 

growing season there was no significant difference between 

the height or diameter growth rate of bur oaks planted in 

the bufferzone (Fig. 51 and Fig. 52; T-Test with equal 

variances p = 0.8989 and p = 0.2155 respectively). 

Ulmus parvifolia 
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Initially, 10 individual elm trees were planted in the 

bufferzone in the winter of 1997. These were evenly divided 

between control and treatment groups. After one growing 

season, no mortality was experienced in either group. In 

addition, no mortality was experienced in this specie after 

the second growing season (Fig. 33). 

Since neither group experienced mortality, the size of 

the datasets remained equal when height and diameter 

measurements were taken at the end of the first growing 

season. There was no significant difference, in terms of 

height, between control and treatment groups at the time of 

planting (Mann Whitney U Test p = 0.4578). Initially, there 

was no significant difference between control and treatment 

groups in terms of diameter (Mann Whitney U Test p = 

0.1425). 

After one growing season there had been some measurable 

growth in both height and diameter for each dataset. 

Neither control (3.4 to 3.6 m), nor treatment group (3.7 to 

3.8 m), had experienced statistically significant growth in 

terms of height after the first growing season (Mann Whitney 

U Test p = 0.2087 and T-Test with equal variances p = 

0.5800, respectively). The measurements did not represent 

statistically significant diameter increases in either 

control (35.4 to 37.6 mm) or treatment groups (41.0 to 44.2 
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mm; T-Test with equal variances p = 0.6322 and Mann Whitney 

U Test p = 0.1425) . However, at the end of the first 

growing season there was a significantly larger diameter 

associated with the treatment group relative to the control 

group (T-Test with equal variances p = 0.0996). 

Two growing seasons after the elms were planted there 

was still no significant difference between control and 

treatment groups in terms of height (T-Test with equal 

variances p = 0.8928) and diameter (T-Test with equal 

variances p = 0.2481). In both control (3.6 to 3.9 m)and 

treatment (3.8 to 3.9 m)groups there was no significant 

change in terms of height from the first growing season to 

the second (T-Test with equal variances p = 0.2177 and p = 

0.7048). However, during this same time period there was a 

significant increase in the diameter of both control and 

treatment groups (One Way T-Test with equal variances p = 

0.0375 and T-Test with equal variances p = 0.0044). 

The growth rate of elms were similar to that of the bur 

oaks (Appendix C). There was no significant difference 

between control and treatment groups in terms of height and 

diameter growth rates for the first growing season (Fig. 34 

and Fig. 35; T-Test with equal variances p = 0.493 3 and p = 

0.4307 respectively). 

At the end of the second growing season there was still 
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no statistically significant difference between the growth 

rates in terms of height and diameter between the control 

and treatment groups (Fig. 34 and Fig. 35; T-Test with equal 

variances p = 0.1724 and p = 0.2451). Variances were fairly-

high in these datasets. In addition, there was no 

statistically significant change in the growth rate of elms 

in both the control and treatment groups from the first 

season to the second in terms of height (T-Test with unequal 

variances p = 0.4171 and T-Test with unequal variances p = 

0.5868). Increases in the diameter growth rate approached 

significance in the treatment group (Onw Way T-Test with 

equal variances p = 0.0529) and were significant in the 

control group (T-Test with equal variances p = 0.0120). 

Carya illinoisensis 

During the winter of 1997, 10 pecan trees were planted 

in the bufferzone. There were evenly divided among 

treatment and control groups with five trees planted under 

each condition. In 1997, at the end of the growing season 

neither group experienced any mortality. However, at the 

end of the second growing season a single death in the 

treatment group raised the mortality to 20% in that group 

while mortality in the control group remained at zero (Fig. 

33) . 
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After one growing season there were zero additional 

mortality in each group thus leaving the associated datasets 

even. At this time there was no significant difference 

between the treatment and control groups in terms of height 

(Mann Whitney U Test p = 0.4620). There was no significant 

difference in terms of diameter between control and 

treatment groups at the time of planting (T-Test with equal 

variances p = 0.6942). 

Trees were measured again at the end of the growing 

season and some growth was noted. Both control (2.6 to 3.1 

m) and treatment (2.6 to 2.9 m)groups had experienced 

significant growth in height after one growing season (T-

Test with equal variances p = 0.0013 and Mann Whitney U Test 

p = 0.0937). Neither treatment ( 26.4 to 27.4 mm)nor control 

(25.2 to 27.8 mm) groups experienced significant growth in 

terms of diameter after one growing season (T-Test with 

equal variances p = 0.4509 and p = 0.7471, respectively). 

As well, there was no significant difference between 

treatment and control groups in terms of height or diameter 

after one growing season (Mann Whitney U Test p = 0.4620 and 

T-Test with equal variances p = 0.9177). 

Two season after the pecans had been planted there was 

still no statistically significant difference between the 

control and treatment group in terms of height and diameter 
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(T-Test with equal variances p = 0.9875 and p = 0.2249). 

Very little growth occurred during the second season and 

this is reflected in that there was no significant change in 

height and diameter for both control and treatment groups 

(T-Test with equal variances p = 0.8949, p = 0.5411, p = 

0.4336, and p = 0.3552). 

Pecan tree growth rates were established after each 

growing season. After the first growing season, the height 

growth rate for pecan trees was significantly greater under 

control conditions than under treatment conditions (Fig. 34; 

T-Test with equal variances p = 0.0578). Diameter growth 

rates were not significantly different between treatment and 

control groups after one growing season (Fig. 35; Mann 

Whitney U Test p = 0.1388). 

Growth rates calculated again at the end of the second 

growing season. Although the growth had been minimal the 

rates of growth were significantly greater in terms of 

height and diameter in the treatment group (Fig. 34 and Fig. 

35; Mann-Whitney U-Test (One Way) p = 0.0406 and p = 

0.0325). There had also been a significant decrease in the 

height growth rate in both control (Mann-Whitney U-Test p = 

0.0097) and treatment groups (Mann Whitney U-Test p = 

0.0421)from the first growing season to the second. The 

diameter growth rates remained unchanged for both groups 
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during the same period (Mann Whitney U-Test p = 0.2683 and p 

= 0.2948). 

Betula nigra 

Only 8 river birch trees were planted in the bufferzone 

during the winter of 1997. These 8 trees were evenly 

divided between control and treatment groups. After one 

growing season neither treatment nor control group 

experienced any mortality. However, no river birch trees 

survived the strong drought of the summer of 1998 (Fig. 33). 

Due to the fact that neither treatment experienced any 

initial mortality, the datasets remained equal when 

measurements were taken at the end of the first growing 

season. When the trees were planted, there was no 

statistically significant difference between control and 

treatment trees in terms of height (T-Test with equal 

variances p = 0.5630). There was no statistically 

significant difference between treatment and control trees 

in terms of diameter at the time of planting (T-Test with 

equal variances p = 0.3540). 

Measurements taken at the end of the first growing 

season indicated some growth occurred in both height and 

diameter under both treatment and control conditions. 

Growth, in terms of height, was not significant after one 

growing season in either treatment (4.2 to 4.5 m) or control 
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(3.9 to 4.3 m) groups (T-Test with equal variances p = 

0.5390 and p = 0.6137 respectively). There was also no 

significant change in diameter in either control (50.5 to 

51.6 mm)or treatment (55.0 to 58.4 mm) groups after the 

first growing season (T-Test with equal variances p = 0.5596 

and p = 0.7386 respectively). In addition, there was no 

significant difference between height or diameter readings 

in control and treatment groups after one growing season (T-

Test with equal variances p = 0.8515 and p = 0.1992 

respectively). 

Growth rates were also established for river birch 

trees following one seasons growth. There was no significant 

difference between height or diameter growth rates between 

control and treatment groups after one season of growth 

(Fig. 34 and Fig. 35; T-Test with equal variances p = 0.3756 

and Mann Whitney U Test p = 0.3005). 

Understory Trees 

At the time of planting, understory trees were 

represented by six species of trees. However, after the 

drought during the summer of 1998 only 3 species remained in 

numbers sufficient to document and compare growth in terms 

of height and diameter. Those species whose survival was so 

limited will be discussed only in terms of survival. 
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Figure 36. Mortality of 

understory trees 

under control and 

treatment 

topdressings 1998. 
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Ilex Nelli R. Stephens 

This specie of holly had the worst survival of all of 

the understory trees planted. A total of 19 trees of this 

specie was planted in the winter of 1998. At the end of the 

first growing season the mortality for this holly was 100% 

in both control and treatment groups (Fig. 36). 

Ilex decidua 

A total of 19 possumhaw hollies were planted in the 

winter of 1998. Nine trees were planted under control 

conditions and 10 were planted under treatment conditions. 

One growing season after being planted those in the control 

group has a mortality of 67% and those in the treatment 

group had a mortality of 60% (Fig. 36). This left too few 

trees to compare statistically and those that did survive 

saw little if any growth. 

Ilex east palatka 

Next to the Stevens holly, the east palatka holly did 

the second worst of all the trees planted. Fifty-one of 

these trees were planted in the winter of 1997, 28 under 

control conditions and 23 under treatment conditions. The 

controls suffered a mortality of 89% and the treatment group 

had a mortality of 91% at the end of the first growing 

season (Fig. 36). This left only 5 trees surviving, not 

enough to compare statistically. 
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Cercis canadensis 

In the winter of 1998, a total of 30 redbuds were 

planted in the bufferzone. The control group was 

represented by 12 trees and the treatment group by 18 trees. 

At the end of the first growing season the control group had 

suffered a mortality of only 25%, and the treatment group 

had witnessed a mortality of 22% (Fig. 36). 

When the trees were initially planted there was no 

statistically significant difference between control and 

treatment groups in terms of height and diameter (T-Test 

with equal variance p = 0.7816 and p = 0.3242). After one 

growing season there was still no significant difference 

between control and treatment groups in terms of height and 

diameter (T-Test with equal variances p = 0.913 8 and p = 

0.4336). In addition, there had been no significant growth 

in terms of height in neither the control (1.7 to 1.7 m) 

group (T-Test with equal variances p = 0.9793) nor the 

treatment (1.7 m to 1.7 m) group (T-Test with equal 

variances p = 0.6026). However, both control (13.4 to 16.1 

mm) and treatment (14.1 to 16.8 mm) groups saw significant 

growth in terms of diameter during the same time period (T-

Test with equal variances (T-Test with equal variances p = 

0.0034 and p = 0.0014) . 

Growth rates for height and diameter were calculated 

based on the difference between initial measurements and 
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Figure 37. Height growth rates of 

understory trees under 

control and treatment 

topdressings 1997 to 

1998. 
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Figure 38. Diameter growth rates 

of understory trees 

under control and 

treatment topdressings 

1997 to 1998. 



142 

c 
0 

CO o E 
G> 

L. 
«*—• 

"cS 
CD 
L-

O) c "cS 
CD 
L-o 

"cS 
CD 
L-

o 1-

I 1 

9U|d uei|6jv 

ainid uBOjX0|/\| 

p n q p e y 

A||OH \ S B 3 

A||OH M B q i u n s s o d 

A||on S U 0 A 0 1 S H !I|9N 

c o n c d u ) ^ c o c m t - o 

JB0A/LUOI 



143 

those taken one year after planting. In the case of the 

redbuds, there was no significant difference between height 

or diameter growth rates between control and treatment 

datasets (Fig. 37 and Fig. 38; Mann Whitney U-Test p = 

0.9482 and T-Test with equal variances p = 0.93 69) . 

Prunus mexicana 

Twenty-eight mexican plums were planted in the winter 

of 1998. The trees were evenly divided between control and 

treatment groups. After one growing season the control 

group had a mortality of only 7% while the treatment group 

had a mortality of 29% (Fig. 36). 

When the trees were initially planted there was no 

significant difference between the groups in terms of height 

and diameter (T-Test with equal variances p = 0.3401 and p = 

0.8371). One growing season following the planting there 

was still no significant difference between the two groups 

in terms of height and diameter (T-Test with equal variances 

p = 0.6701 and p = 0.1136). It is important to note that 

the diameter is close to significantly greater in the 

treatment group. 

From the time of planting to the end of the first 

growing season there was no significant differences in 

height recorded in the control (1.8 to 1.8 m) and treatment 

(1.7 to 1.8 m) groups (T-Test with equal variances p = 

0.3851 and p = 0.2821). However, in the case of diameter 
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there was a significant increase in both the treatment (27.0 

to 31.7 mm) and control (27.2 to 30.1) groups after one 

growing season (T-Test with equal variances p = 0.0025 Mann-

Whitney U-Test p = 0.0148). 

After one growing season the growth rate in terms of 

height and diameter were calculated. There was no 

significant difference between control and treatment trees 

in terms of height growth rate (Fig. 37; Mann Whitney U-Test 

p = 0.3652). There was, however, a significantly greater 

diameter growth rate in the treatment group relative to the 

control (Fig. 38; One Way T-Test with equal variances p = 

0.0337). 

Pinus eldarica 

A total of 47 afghan pines were planted in the winter 

of 1998. Twenty-three of the trees were planted under 

control conditions and 24 were planted under treatment 

conditions. The mortality of the control group was 39% 

after one growing season and the treatment group had a 

mortality of 29% over the same time period (Fig. 33). 

When the trees were planted there was no significant 

difference between the control and treatment groups in terms 

of height and diameter (T-Test with equal variances p = 

0.6666 and p = 0.5428). However, after the first growing 

season the control group was significantly taller than the 

treatment group (Mann Whitney U-Test p = 0.0735). There was 
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no significant difference in terms of diameter between 

control and treatment groups (T-Test with equal variances p 

= 0.8890). 

Significant growth was documented from the time of 

planting to the end of the first growing season in both 

groups (control 1.7 to 2.0 m; treatment 1.8 to 1.9 m) in 

terms of height (T-Test with unequal variances p = 0.0001 

and T-Test with equal variances p = 0.0013) and in terms of 

diameter (control 20.8 to 27.8 mm; treatment 21.6 to 2 8.0 

mm) T-Test with equal variances p = 0.00001 and p = 0.0001) . 

Diameter and height growth rates were calculated after 

one season of growth. There was a significantly greater 

growth rate in terms of height under control conditions 

after one growing season (Fig. 37; One Way T-Test with equal 

variances p = 0.0189). However, there was no significant 

difference in diameter growth rate between control and 

treatment trees during the same time period (Fig. 38; T-Test 

with equal variances p = 0.8215). 

Root Mass and Worm Abundance 

Root mass and the abundance of worms in the coring 

device used for sampling roots were documented for the 

overstory trees of adequate sample size during the Fall of 

1998. Data were recorded for pecan, redcedar, elm, and pine 

trees. In almost all cases root mass was greater in the 
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treatment group relative to the control group (Table 4). 

However, there was never significantly greater root mass in 

the treatment group relative to the control group (T-Test 

with equal variances p = 0.9416, Mann Whitney U-Test p = 

0.7133 and p = 0.2963, and T-Test with equal variances p = 

0.6125). There was also typically greater worm abundance in 

the treatment group, however, this was never statistically 

significantly greater than the control group (Mann Whitney 

U-Test p = 0.1556, T-Test with equal variances p = 0.8459, p 

= 0.8051, and p = 0.5127). 

Table 4 Root mass and worm abundance data. 

Tree Specie Root Mass Worm Abundance Tree Specie 

Control Treatment Control Treatment 

Pecan 0.11 0.10 1.4 3.5 

Redcedar 0.56 0.66 3.4 3.0 

Elm 0.64 0.94 2 . 6 3.0 

Pine 0.46 0.57 3 .1 4.0 

Mycorrhyzes 

Root mass samples were examined for the presence of 

ecto-mycorrhyzes while the samples were still moist. These 

symbiont mycorrhyzes were only present in the loblolly pine 

and bur oak root samples. The bur oak samples were all from 

treatment trees and three out of three showed inoculation by 

ectomycorrhyzes. In the case of the pine root samples, nine 
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out of eighteen showed signs of inoculation, four were under 

treatment top dressings and five were under control top 

dressings. 



CHAPTER 4 

DISCUSSION 

The treatment investigated in this research, that of a 

combination of mulch and compost surface layers, had the 

most significant effects on the soil parameters. One year 

after the addition of both treatment and control top 

dressings, the soil under the treatment conditions saw a 

significant decrease in pH. While the control soil also saw 

a decrease in mean soil pH the change was not significant. 

Most likely this alteration is the result of increases in 

organic material transported from the top dressings to the 

underlying soil forming weak organic acids. Another 

possibility is the increased organic matter is increasing 

the microbial activity which results in an increase in 

carbon dioxide production via respiration. More than likely 

both situations are occurring. 

148 
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Table 5. Effects of treatment and control topdressings on 
soil physical anc chemical parameters. 

Parameter N-
Size 

Effect After One Year Seen Under 
Parameter N-

Size Control Treatment 

Soil (Physical) 

PH 93 no change significant 
decrease 

Organic Carbon 93 no change significant 
increase 

Moisture 
Content 

93 significant 
decrease* 

significant 
decrease* 

Organic Matter 93 no change no change 

Bulk Density 93 no change no change 

Soil (Chemical) 

Nitrate-
Nitrogen 

42 significant 
increase 

significant 
increase 

Phosphorus 42 significant 
increase 

significant 
increase 

Potassium 42 significant 
increase 

significant 
increase 

Calcium 42 no change significant 
increase 

Magnesium 42 no change no change 

Iron 42 no change significant 
increase 

Manganese 42 significant 
increase 

significant 
increase 

zinc 42 no change significant 
increase 

Copper 42 no change significant 
increase 

Salinity 42 no change significant 
increase 

Sodium 42 no change significant 
decrease 
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Sulfur 42 significant no change 
decrease 

* Likely only represents change in laboratory relative 

humidity. 

Supporting the position above of pH changes related to 

the movement of organic materials, a significant increase in 

organic carbon was also detected in soils under treatment 

conditions. More limited increases were seen under control 

conditions, however, these changes were not statistically 

significant. The organic carbon is likely being transported 

by water into the pore spaces of the soil, however, 

invertebrates (especially earthworms) may also be 

responsible for the movement of organic carbon into the soil 

below the top dressings. 

Moisture content was found to significantly decrease 

under both control and treatment conditions. The decrease 

in soil moisture was roughly 1% in both control and 

treatment samples. However, these results do not 

correspond to the organic carbon or organic matter readings 

to which they are typically very closely correlated. These 

results are believed to represent a change in laboratory 

conditions and not the physical conditions of the soil 

itself. When the initial moisture content readings were 

done in the summer of 1997 the laboratory was located in the 

General Academics Building (GAB)on the University of North 
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Texas' campus. However, the follow up analyses were 

performed in the winter of 1999 in the newly constructed 

Environmental Education Science and Technology building 

(EESAT) also located on the University of North Texas' 

campus. It is believed that one of two possibilities exist 

to explain the erroneous moisture content readings. First, 

the ambient relative humidity of both buildings are 

different with the laboratory located in the EESAT building 

having a lower ambient relative humidity. Second, the time 

of year when the samples were analyzed meant that initial 

measurements were done while the atmosphere was regulated by 

cooling units (AC) and when the follow up measurements were 

taken the atmosphere was regulated by heating units. There 

may also be a combination of these conditions that resulted 

in the lowered moisture content readings. 

During the study period, there was no significant 

change in the organic matter content of soils under the 

control and treatment conditions. However, the mean amount 

of organic matter was seen to decrease under control 

conditions and increase under treatment conditions. Due to 

the variances associated with these data, this was not a 

significant change, however. It is plausible that the 

organic matter content would be likely to increase under 

treatment conditions due to the smaller particle sizes 

associated with compost material. 

The soil bulk density was not significantly altered by 



152 

either control or treatment conditions. However, bulk 

density was measured indirectly as a function of the mineral 

and organic matter content of the soil and this method may 

not be sensitive enough to detect very slight alterations in 

soil bulk density. 

Nitrate nitrogen was significantly increased by both 

treatment and control top dressings. However, the treatment 

top dressings resulted in significantly more available 

nitrate-nitrogen (roughly double) as compared to the control 

top dressings. This is likely the result of nitrates 

leaching from the compost topdressing. However, the 

increase in nitrate-nitrogen may also be partially the 

result of increased microbial activity making more nitrate-

nitrogen available through the decomposition of the organic 

matter made available by the topdressings. In addition, the 

initial backfilling of the soil likely made the soil very 

aerobic fueling the nitrate production, but slowing the 

activity of denitrifiers which require anaerobic conditions. 

Since the compost has a finer particle size and higher 

nutrient content it is logical that it's transport and 

degradation would provide more nitrate-nitrogen. 

Both control and treatment conditions resulted in 

significant increases in available phosphorus. However, 

similar to nitrate-nitrogen, significantly more phosphorus 

was made available under treatment conditions (more than 4 

times the amount) than control conditions. This is 
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partially the result of organic decay, however, in the case 

of the compost treatment a large amount of phosphorus may 

be present from detergents and the higher nutrient content 

of the biosolids used in making the compost. Either way it 

is not surprising to see the much greater phosphorus 

availability under the treatment top dressings. 

Available potassium was also significantly increased 

under both control and treatment conditions. There was no 

statistically significant difference between the control and 

treatment in terms of the amount of potassium made 

available, but the control was higher than the treatment 

(about 9% higher). Potassium is readily made available 

through the decomposition of woody materials that was 

present under both treatment and control conditions. 

The amount of available calcium in the soil was 

unaffected by the control top dressing. However, available 

calcium was significantly increased under the treatment top 

dressing. A large amount of variation was seen in the 

calcium readings. The increase under the compost treatment 

may be due to the transport of the calcium content of the 

compost itself or may be the result of the decrease in pH 

seen under treatment conditions making more calcium plant 

available. 

Neither treatment nor control conditions altered the 

availability of magnesium in the backfill soil. However, 

soils under both control and treatment top dressings saw a 
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large decrease in available magnesium although this was not 

statistically significant. There are at least two 

explanations to describe why magnesium is decreasing. 

First, some of it is being taken up by the trees planted in 

the backfill soil. Second, it may also be moved further 

down into the soil by water transport. 

Control top dressings resulted in no significant change 

in terms of available iron present in the soil. However, 

the treatment topdressing saw a significant increase in the 

available iron in the backfill soil. This resulted in 

significantly more iron being available under treatment 

conditions relative to control conditions. Iron is likely 

being directly contributed to the soil from the biosolids 

compost used in the treatment top dressing. The slight pH 

change may also have increased the availability of iron. 

Available manganese was significantly increased by both 

control and treatment top dressings. This likely represents 

manganese removed from deeper parts of the soil profile and 

upon backfilling was closer to the surface. After exposure 

to more intensive weathering and lower pH typical of the 

surface layers of soil this manganese is likely being made 

more available. There was more manganese made available by 

the compost treatment, the amount was not significant but 

was very close to significant (p = 0.06). This increased 

manganese in the compost is likely due to the use of 

potassium permanganate in the water purification plant whose 
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effluent is eventually treated by the WWTP, the residual of 

which is likely to end up in the compost. 

The amount of available zinc was unchanged by the 

control top dressing. However, available zinc was 

significantly increased under the compost top dressing. The 

amount available was also significantly greater than the 

amount available under the control treatment. The biosolids 

compost does contain appreciable quantities of zinc and it 

is likely to be leached to the soil under the top dressing. 

Similar to zinc, the amount of available copper was 

unaffected by the control top dressing. Again, the compost 

treatment resulted in a significant increase in the amount 

of plant available zinc present in the underlying soil. As 

well, the treatment resulted in a significantly greater 

amount of available copper in the soil below the treatment 

top dressing relative to the soil below the control top 

dressing. Copper is present and apparently leachable from 

the biosolids compost. 

Sodium was reduced under both control and treatment top 

dressings, however, this reduction was only significant 

under the treatment conditions. The mean reduction was much 

greater under the control conditions, but the high variances 

associated with the data prevented statistically significant 

findings. It is unclear why the available sodium is being 

reduced in the soils under the top dressings. One 

possibility is that sodium, like manganese, was brought up 
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from deeper portions of the profile during excavation and 

backfilling and after a year exposed in the position of a 

typical XA' horizon is transported by water to deeper 

portions of the soil. 

The amount of available sulfur present in the backfill 

soil was significantly reduced under the control top 

dressing. However, there was no significant change under 

the treatment top dressing in terms of available sulfur. 

Like the previous example of sodium, sulfur is likely being 

transported to deeper portions of the soil or may be taken 

up by the trees root mass. The reason the compost top 

dressing resulted in no change may be that some sulfur is 

being leached from the compost keeping the available sulfur 

present in the soil more or less constant. Another 

explanation is that the since the control soils had 

significantly more sulfur before the addition of top 

dressings, a year of weathering may have reduced some of the 

more extreme measurements. 

The salinity of the soil was significantly increased by 

the treatment top dressings, however, the salinity of soil 

under the control conditions remained unchanged. At the end 

of the first year there was more salinity associated with 

the soil under the compost treatment than the soil under 

the control conditions. The salinity readings, although 

statistically significant, are classified as 'none' by 

agricultural standards. 
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Significant changes were observed in the soil analyses 

as a result of the compost treatment, however, these results 

were not seen in the tree parameters. Mortality was highly 

variable between species and water stress was the most 

likely cause of death in almost all cases. The one 

exception were the redcedar which were the only species 

that were balled and burlapped versus container grown. The 

root balls had been cut too small for the height of the 

trees, likely causing at least a portion of mortality in the 

first year. In addition this species was removed from an 

alkaline soil and was planted in acidic soil which may have 

further stressed the trees. The highest mortality rates 

were recorded in most other species only after the 

exceptionally hot and dry summer of 1998. 

Table 6. Mortality by year and treatment of overstory and 

Overstory Tree 
Mortality 

Control Treatment 

1st 
Year 

2nd 
Year 

1st 
Year 

2nd 
Year 

Redcedar 22 60% no 
change 

42% 66% 

Sweetgum 16 no 
change 

37.5% 37 .5% 87.5% 

Loblolly Pine 18 no 
change 

no 
change 

no 
change 

no 
change 

Bur Oak 9 no 
change 

100% 20% 40% 

Lacebark Elm 10 no 
change 

no 
change 

no 
change 

no 
change 
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Pecan 10 no 
change 

no 
change 

no 
change 

20% 

River Birch 8 no 
change 

100% no 
change 

100% 

Understory Tree Mortality 

Redbud 30 25% 22% 

Possumhaw Holly 19 67% 60% 

Stevens Holly 19 100% 100% 

East Palatka 
Holly 

51 89% 91% 

Mexican Plum 28 7% 29% 

Afghan Pine 47 39% 29% 

Table 7. Growth rates in terms of height and diameter and 
sample size required for statistical significance of 
overstory and understory trees, 

Overstory Trees 
Growth Rates 

Control Treatment 

N 
Size 

1st 
Season 

2nd 
Season 

1st 
Season 

2nd 
Season 

Requir 
ed 

Sample 
Size 

Redcedar— 
Height 

22 equal equal equal equal 184 

— Diameter 
22 equal equal equal equal 25 

Sweetgum--
Height 

16 equal NA equal NA 136 

--Diameter 
16 equal NA equal NA 3,383 

Loblolly Pine— 
Height 

18 equal equal equal equal 276,82 
9 

--Diameter 
18 equal less equal greater 39 

Bur Oak --
Height 

9 equal NA equal NA 2,548 
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--Diameter 
9 equal NA equal NA 38 

Lacebark Elm--
Height 

10 equal equal equal equal 35 

--Diameter 
10 equal equal equal equal 49 

Pecan--Height 10 greater less less greater 21 

Diameter 
10 equal less equal greater 47 

River Birch--
Height 

8 equal NA equal NA 56 

--Diameter 
8 equal NA equal NA 23 

Understory Growth Rates 

N 
Size 

1st Season 1st Season 

Redbud --Height 23 equal equal 5,040 

-Diameter 
23 equal equal 15,031 

Mexican Plum-
Height 

23 equal equal 372 

--Diameter 
23 less greater 50 

Afghan Pine--
Height 

31 greater less 34 

--Diameter 
31 equal equal 3, 932 

Differences in height and diameter of trees grown under 

treatment and control conditions were minimal and 

occasionally contradictory. The rate of growth in terms of 

height and diameter had similar results, only rarely were 

significant differences observed between control and 



160 

treatment trees. Generally, diameter measurements were more 

reliable and true differences between treatment and controls 

would most likely be seen with this measurement. Height 

growth likely remain limited until the trees root mass can 

support additional above ground mass. However, diameter at 

breast height should still be an indicator of growth. 

Using a statistical formula (Sample Size Required, Zar 

1984), estimates of required samples sizes to gain 

statistical significance were calculated for growth rates 

and root mass data. (Significance was set at 0.05 (alpha), 

beta was set at 0.10, the largest variance of the datasets 

were used for variability, and a 'guess' of 100 was used for 

sample size). With a few notable exceptions, fewer samples 

were required to gain significance between diameter values 

than height values. Most of the sample sizes estimated 

would have been reached if the project had had funding to 

plant the entirety of the bufferzone. The varieties more 

native to this area, such as the bur oak and elm may have 

been better off under control situations having adapted to 

the lower quality soils of the Woodbine formation. However, 

trees native to other areas such as the river birch, pecan, 

loblolly pine, and sweetgum may be more accustomed to higher 

nutrients in their native soil thus performing better under 

treatment conditions. The mexican plums, although native, 

responded similarly as non-natives, mentioned above, to the 

treatment top dressing. Redbuds' seem to have been 
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unaffected by treatment and control conditions. The afghan 

pine is native to more desert regions and may be accustomed 

to highly limited soils in terms of nutrients and moisture. 

Finally the redcedar, although native to this area, 

typically develops a thick duff of decomposing needles that 

may have been well replicated by the compost treatment. 

Table 8. Root mass, worm occurrence and the sample size 
required for significance of root mass in four species of 
-overstory trees. 

Root Mass and Worm 

Occurrence 

Control Treatment Required 

Sample Size 

(Root Mass) Root 
Mass 

Worms Root 
Mass 

Worms 

Required 

Sample Size 

(Root Mass) 

Redcedar 22 equal equal equal equal 293 

Loblolly Pine 19 equal equal equal equal 512 

Elm 10 equal equal equal equal 175 

Pecan 10 equal equal equal equal 13,105 

Root mass comparisons showed no differences between 

treatment and control effects. The required sample sizes 

for significance indicated much larger samples were required 

to detect significant differences. Pecan required the most 

substantial increase in samples, this is likely due to it's 

slower growth and tap root morphology. With the exception 

of pecan the other trees' roots seemed to respond favorly to 

the treatment top dressings. However, the pecan was one of 

the only species to respond to the treatment with a greater 

height and diameter growth rate during the second growing 
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season. This may suggest that trees with a slower root 

growth can benefit more from the treatment top dressing than 

those whose roots rapidly leave the area below the top 

dressings. This may also indicate benefits of a larger area 

for the top dressings or incorporating the top dressings a 

season before installing the trees. 

Worm abundance in the root core samples were very 

similar between control and treatments and were fairly low. 

No 'sample size required' analyses were performed on thess 

data. There was no indication of worm abundance increasing 

or decreasing with the treatment top dressings. 

Finally, ectomycorrhyzal infection was found to be 

present in all the surviving bur oaks and half of the 

loblolly pines. The mycorrhyzes were present on roots under 

both control and treatment conditions, indicating that the 

compost treatment did not prevent infection and growth of 

the symbiont fungi. It remains unclear if the trees were 

inoculated by the grower or if it occurred naturally after 

planting in the bufferzone. 



CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

A number of hypotheses were tested throughout the 

course of the study. These hypotheses focused on both tree 

and soil parameters and are listed below: 

Trees 

H0: Compost amended trees will demonstrate equal or lesser 
DBH growth compared to mulched trees. (Accepted) 

Ha: Compost amended trees will demonstrate greater DBH 
growth compared to mulched trees. (Rejected) 

H0: Compost amended trees will demonstrate equal or lesser 
height growth compared to mulched trees. (Accepted) 

Ha: Compost amended trees will demonstrate greater height 
growth compared to mulched trees. (Rejected) 

H0: Compost amended trees will demonstrate equal or lesser 
root mass compared to mulched trees. (Accepted) 

Ha: Compost amended trees will demonstrate greater root 
mass compared to mulched trees. (Rejected) 

H0: Compost amended trees will demonstrate equal or lesser 
survival compared to mulched trees. (Accepted) 

Ha: Compost amended trees will demonstrate greater survival 
compared to mulched trees. (Rejected) 

Soil 

H0: Compost amended soils will decrease or remain the same 
in terms of plant available macronutrients. (Rejected) 

Ha: Compost amended soils will increase in plant available 
macronutrients. (Accepted) 

163 
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H0: Compost amended soils will decrease or remain the same 
in plant available micronutrients. (Rejected) 

Ha: Compost amended soils will increase in plant available 
micronutrients. (Accepted) 

H0: Compost amended soils will decrease or remain the same 
in organic carbon content. (Rejected) 

Ha: Compost amended soils will increase in organic carbon 
content. (Accepted) 

Hc: Compost amended soils will decrease or remain the same 
in organic matter content. (Accepted) 
Ha: Compost amended soils will increase in organic matter 

content. (Rejected) 

H0: Compost amended soils will increase or remain the same 
in terms of soil bulk density. (Accepted) 

Ha: Compost amended soils will decrease in terms of soil 
bulk density. (Rejected) 

H0: Compost amended soils will not alter soil pH. 
(Rejected) 
Ha: Compost amended soils will alter soil pH. (Accepted) 

The results of this study indicated that the 

replication of woodland soil surface horizonation with 

composted biosolids and mulch from ground yard waste can 

significantly alter physical and chemical properties of the 

soil under the top dressings. The control in this study, 

the application of just ground yard waste, was also found to 

have some significant impacts in terms of the nutrient 

status below the top dressing. 

1) The surface application of composted biosolids and 

mulch significantly decreased the pH of underlying soil one 

year after application. 
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2) Organic carbon content of the underlying soil was 

significantly increased following the application of the 

treatment. 

3) Moisture content of the soil was found to 

significantly decrease under both treatment and control top 

dressings, however, this is believed to be related to 

measurement error or lab condition alterations and not 

actual alterations in the soil. 

4) The plant available soil macronutrients nitrate-

nitrogen, phosphorus, potassium, and calcium were 

significantly increased by the compost treatment. The 

treatment resulted in no change in the case of the 

macronutrients magnesium and sulfur, and a decrease in the 

plant available sodium present in the soil. The control top 

dressing also resulted in an increase in the plant available 

nitrate-nitrogen, phosphorus and potassium. The control had 

no effect on plant available calcium, magnesium, or sodium 

but did significantly decrease the available sulfur in the 

soil. 

5) The compost treatment resulted in a significant 

increase in all of the plant available micronutrients, iron, 

manganese, zinc, and copper in the underlying soil. Under 

control conditions there was only an increase in manganese, 

which may have been the result of backfilling deeper 
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portions of the soil around the tree. 

6) The effects of the treatment on tree mortality are 

inconclusive, but suggest that water stress and species type 

likely played a bigger role than anything else in tree 

survival. 

7) Only three of the thirteen species tested showed any 

response at all to the treatment in terms of increased 

growth rates of height and/or diameter. One species showed 

a higher growth rate under control conditions. This 

suggests the treatment may be of only minimal utility in 

soils of adequate nutrients. 

8) Root mass and the occurrence of worms was not 

significantly increased by the compost treatment in the four 

species of overstory trees that survived into 1999. 

However, the tree species with the slowest root growth 

showed the most significant benefit from the treatment in 

terms of growth rate. The implication is that the longer 

the roots remain under the surface amendments the better the 

effect of the treatment. 

9) The incidence of mychorryzal inoculation was not 

reduced under the compost treatment, suggesting that the 

compost did not negatively affect the symbiotic relationship 

between the fungi and tree roots. 

To improve the results from the treatment top dressing 
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discussed here, it is believed a larger diameter of 

application would be better than a thicker application of 

compost, since almost all macro and micro nutrients were 

addressed by the 2.5 cm thick application. Covering a 

larger area at the time of planting or the same area a 

season before planting may give better results. The 

greatest benefit from this treatment would be in an area of 

limited top soil or low soil nutrients. However, in areas 

were micro-nutrients are not limited, the simple application 

of ground yard waste mulch can significantly increase the 

status of the macro-nutrients nitrate-nitrogen, phosphorus, 

and potassium. 

The tree size used in this research definitely had an 

impact on the results of this project. With increased size 

comes increased expenses as well as a higher water 

requirement that was not met for the majority of the growing 

period in 1998. Up to five years may be required after 

planting to see growth effects in trees this size. This 

makes the size of trees used in this project a poor 

evaluative tool. However, the project had dual purposes and 

to rapidly establish the bufferzone around the landfill site 

this was the tree size required. It is possible that bare-

root seedlings with adequate water may have better 

demonstrated the effects of the top dressings. 
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The most important recommendation is to provide 

adequate irrigation to transplanted trees. This is 

especially true when the trees are above sapling size (the 

larger the size, the greater the water requirements) and are 

container grown with a non-soil nursery mix. The nursery 

mix is designed to prevent water perching in the container 

and therefore fails to hold adequate mositure for root 

survival in the transplanted location. 

The maximum benefits from the methodology discussed 

herein would be on a degraded site with little or no 

topsoil. Such an area may have several nutrient 

deficiencies and would benefit most from such surface 

applications. The sand mine located on the corner of 

Mayhill Rd. and the WWTP Rd. would be a location where such 

benfits could most readily be seen. In addition, culls from 

the composting operation may provide both the bulky mulch 

material, as well as, nutrients from the imbedded compost, 

thus providing the same benefits, but requiring only one 

application. 

Finally, species sleeted for the landfill bufferzone 

would be better suited for the area if they were native to 

the Eastern Crosstimbers or at least to the Denton County 

area. Such species would be more likely to survive the 

dramatic weather that characterizes this geographic area. 
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Such species to be considered should include: flameleaf 

sumac (Rhus copallina), winged elm (Ulmus alata), western 

soapberry (Sapindus drummondii), bur oak (Quercus 

macrocarpa), redbud (Cercis canadensis), mexican plum 

(Prunus mexicana), eastern redcedar (Juniperus virginiana ), 

blackjack oak (Quercus marilandica), osage orange/Bois d'arc 

(Madura pomifera) , post oak (Quercus stellata) , live oak 

(Quercus fusiforms preferred, slightly different from 

Quercus virginiana, also acceptable), chittamwood 

(Sideroxylon lanuginosum), cedar elm (Ulmus crassifolia) and 

slippery elm (Ulmus rubra). These species represent both 

shrubs and trees with a variety of heights and unique 

characteristics. They will provide color in the fall and a 

fine example of native habitat restoration. This is not a 

complete list, but should serve as a reference point in 

selecting more native plants for the landfill bufferzone. 
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Distributions of Soil Metric Data Between Treatments and Years 

Parameter: pH 
N= 93 

171 

Shapiro Wilks Test for Normality 

Time 

0 pH 

1 pH 

Probabilties 

Control 

0.0001 

0.0001 

Treatment 

0.0001 

0.0001 

Differences between control and treatment among years 

Time Control Treatment 

0 pH 6.23± 6.07± 

1 pH 6.22: 

Probability 0.6513 

5.87 

0.0123 

Probability Test Used 

0.3083 

0.0087 

Mann Whitney 
U-Test 

Mann Whitney 
U-Test 

Test Used Mann Whitney Mann Whitney 
U-Test U-Test 



Distributions of Soil Metric Data Between Treatments and Years 

Parameter: Organic Carbon (%) 
N= 93 

172 

Shapiro Wilks Test for Normality 

Time 

0 OC 

1 OC 

Probabilties 

Control 

0.5477 

0.3481 

Treatment 

0.4305 

0.9393 

Differences between control and treatment among years 

Time 

0 OC 

1 OC 

Control Treatment 

0.66 ±0.21 0.67 ±0.20 

0.70 ± 0.22 0.78 ± 0.22 

Probability 0.3786 0.0149 

Probability Test Used 

0.7478 T-Test with 
equal variances 

0.0776 T-Test with 
equal variances 

Test Used T-Test with T-Test with 
equal variances equal variances 
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Distributions of Soil Metric Data Between Treatments and Years 

Parameter:Moisture Content (%) 
N= 93 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 MC 0.0758 0.2521 

1 MC 0.0263 0.0024 

Differences between control and treatment among years 

T i m e Control Treatment Probability Test Used 

0 MC 2 71 ± 1.39 2.23 ±1.10 0.1214 Mann Whitney 
U-Test 

1 MC 164 ±0.90 1.37 ±0.72 0.1572 Mann Whitney 
U-Test 

Probability 0.0001 0.0001 

Test Used Mann Whitney Mann Whitney 
U-Test U-Test 



Distributions of Soil Metric Data Between Treatments and Years 

Parameter:Organic Matter (%) 
N= 93 
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Shapiro Wilks Test for Normality 

Time 

0 OM 

1 OM 

Probabilties 

Control 

0.7527 

0.1799 

Treatment 

0.2444 

0.5250 

Differences between control and treatment among years 

Time Control Treatment 

0 OM 3.58 ± 1.15 3.20 ±0.93 

1 OM 3.43 ± 1.15 3.26 ±0.83 

Probability 0.5302 0.7324 

Probability 

0.0797 

0.4188 

Test Used 

T-Test with 
equal variances 

T-Test with 
equal variances 

Test Used T-Test with T-Test with 
equal variances equal variances 



Distributions of Soil Metric Data Between Treatments and Years 

Parameter:Soil Bulk Density (g/cm-3) 
N= 93 
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Shapiro Wilks Test for Normality 

Time 

0 SBD 

1 SBD 

Probabilties 

Control 

0.7459 

0.8091 

Treatment 

0.1130 

0.5295 

Differences between control and treatment among years 

Time Control Treatment 

0 SBD 1.22 ±0.10 1.25 ±0.09 

1 SBD 1.25 ±0.09 1.27 ±0.07 

Probability 0.1480 0.2199 

Probability 

0.1280 

0.2646 

Test Used 

T-Test with 
equal variances 

T-Test with 
equal variances 

Test Used T-Test with T-Test with 
equal variances equal variances 
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Distributions of Soil Metric Data Between Treatments and Years 

Parameter:Soil Nitrate-Nitrogen (ppm) 
N= 42 

177 

Shapiro Wilks Test for Normality 

Time 

0 N03 

1 N03 

Probabilties 

Control 

0.0007 

0.0026 

Treatment 

0.0001 

0.0001 

Differences between control and treatment among years 

Time Control Treatment 

0 N03 4.95 + 6.83 5.24 ±4.55 

1 N03 

Probability 0.0005 0.0001 

Probability Test Used 

0.1713 

11.48 ± 10.41 21.43± 16.94 0.0140 

Mann Whitney 
U-Test 

Mann Whitney 
U-Test 

Test Used Mann Whitney Mann Whitney 
U-Test U-Test 
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Distributions of Soil Metric Data Between Treatments and Years 

Parameter:Soil Phosphorus (ppm) 
N= 42 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 P 0.0004 0.0001 

1 p 0.0044 0.0005 

Differences between control and treatment among years 

Time Control Treatment Probability Test Used 

0 P 190 ±0.83 1.71 ±0.85 0.4412 Mann Whitney 
U-Test 

1 p 8.10 ± 1.92 39.76± 25.9 0.0001 Mann Whitney 
U-Test 

Probability 0.0001 0.0001 

Test Used Mann Whitney Mann Whitney 
U-Test U-Test 



Distributions of Soil Metric Data Between Treatments and Years 

Parameter: Soil Potassium (ppm) 
N= 42 
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Shapiro Wilks Test for Normality 

Time 

0 K 

1 K 

Probabilties 

Control 

0.1530 

0.4652 

Treatment 

0.5847 

0.9624 

Differences between control and treatment among years 

Time Control Treatment 

0 K 82.0 ±34.7 78.1 ±25.2 

1 K 168.3± 45.3 150.3± 39.8 

Probability 0.00001 0.0001 

Probability Test Used 

0.6826 

0.1789 

T-Test with 
equal variances 

T-Test with 
equal variances 

Test Used T-Test with T-Test with 
equal variances unequal 

variances 



Distributions of Soil Metric Data Between Treatments and Years 

Parameter:Soil Calcium (ppm) 
N= 42 
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Shapiro Wilks Test for Normality 

Time 

0 Ca 

1 Ca 

Probabilties 

Control 

0.0001 

0.6457 

Treatment 

0.3632 

0.1461 

Differences between control and treatment among years 

Time Control Treatment 

0 Ca 2115 ± 1579 1440 ±554 

1 Ca 2185 ±799 1946 ±564 

Probability 0.1589 0.0056 

Probability Test Used 

0.1743 

0.2696 

Mann Whitney 
U-Test 

T-Test with 
equal variances 

Test Used Mann Whitney T-Test with 
U-Test equal variances 
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Distributions of Soil Metric Data Between Treatments and Years 

Parameter:Soil Magnesium (ppm) 
N= 42 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Mg 0.0052 0.0929 

1 Mg 0.2748 0.0436 

Differences between control and treatment among years 

Time Control Treatment Probability Test Used 

0 Mg 577.1 ±375.9 434.2 ±246.6 0.2321 Mann Whitney 
U-Test 

1 Mg 430.7 ± 175.5 351.2 ±133.4 0.1344 Mann Whitney 
U-Test 

Probability 0.4065 0.4355 

Test Used Mann Whitney Mann Whitney 
U-Test U-Test 



Distributions of Soil Metric Data Between Treatments and Years 

Parameter:Soil Iron (ppm) 
N= 42 
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Shapiro Wilks Test for Normality 

Time 

0 Fe 

1 Fe 

Probabilties 

Control 

0.1339 

0.0112 

Treatment 

0.0056 

0.0530 

Differences between control and treatment among years 

Time Control Treatment 

0 Fe 15.97 ±7.41 17.40 ±6.95 

1 Fe 13.89 ±5.70 21.79 ±9.49 

Probability 0.3651 0.0741 

Probability Test Used 

0.4355 

0.0018 

Mann Whitney 
U-Test 

Mann Whitney 
U-Test 

Test Used Mann Whitney Mann Whitney 
U-Test U-Test 



Distributions of Soil Metric Data Between Treatments and Years 

Parameter:Soil Manganese (ppm) 
N= 42 
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Shapiro Wilks Test for Normality 

Time 

0 Mn 

1 Mn 

Probabilties 

Control 

0.0001 

0.6622 

Treatment 

0.0026 

0.0111 

Differences between control and treatment among years 

Time Control Treatment 

0 Mn 5.84 ±5.16 6.70 ±3.99 

1 Mn 7.96 ±3.12 9.92 ±3.86 

Probability 0.0071 0.0030 

Probability Test Used 

0.1824 

0.1218 

Mann Whitney 
U-Test 

Mann Whitney 
U-Test 

Test Used Mann Whitney Mann Whitney 
U-Test U-Test 
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Distributions of Soil Metric Data Between Treatments and Years 

Parameter:Soil Zinc (ppm) 
N= 42 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Zn 0.2287 0.0001 

1 Zn 0.0001 0.4115 

Differences between control and treatment among years 

Time Control Treatment Probability Test Used 

0 Zn 0.494 ±0.22 0.575 ±0.41 0.6324 Mann Whitney 
U-Test 

1 Zn 0.564 ±0.33 0.853 ±0.34 0.0012 Mann Whitney 
U-Test 

Probability 0.6147 0.0029 

Test Used Mann Whitney Mann Whitney 
U-Test U-Test 



Distributions of Soil Metric Data Between Treatments and Years 

Parameter: Soil Copper (ppm) 
N= 42 
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Shapiro Wilks Test for Normality 

Time 

0 Cu 

1 Cu 

Probabilties 

Control 

0.4221 

0.0568 

Treatment 

0.8980 

0.7196 

Differences between control and treatment among years 

Time Control Treatment 

0 Cu 0.526 ±0.13 0.523 ±0.18 

1 Cu 0.493 ±0.11 0.714 ±0.17 

Probability 0.3908 0.0010 

Probability Test Used 

0.9532 

0.00001 

T-Test with 
equal variances 

T-Test with 
equal variances 

Test Used T-Test with T-Test with 
equal variances equal variances 



Distributions of Soil Metric Data Between Treatments and Years 

Parameter:Soil Salinity (ppm) 
N= 42 
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Shapiro Wilks Test for Normality 

Time 

0 NaCl 

1 NaCl 

Probabilties 

Control 

0.0003 

0.0005 

Treatment 

0.3006 

0.1560 

Differences between control and treatment among years 

Time Control Treatment 

0 NaCl 107.7 ±43.5 92.0 ±115.9 

1 NaCl 102.9 ±38.1 115.9 ±40.4 

Probability 0.4964 0.0222 

Probability Test Used 

0.2735 

0.1035 

Mann Whitney 
U-Test 

Mann Whitney 
U-Test 

Test Used Mann Whitney T-Test with 
U-Test equal variances 
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Distributions of Soil Metric Data Between Treatments and Years 

Parameter: Soil Sodium (ppm) 
N= 42 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Na 0.0001 0.0001 

1 Na 0.1216 0.0155 

Differences between control and treatment among years 

Time Control Treatment 

0 Na 76.81 ±77.8 55.10 ±59.5 

1 Na 52.43 ± 10.79 48.48 ±11.6 

Probability 0.6323 0.0558 

Probability Test Used 

0.3853 

0.1694 

Mann Whitney 
U-Test 

Mann Whitney 
U-Test 

Test Used Mann Whitney Mann Whitney 
U-Test U-Test 
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Distributions of Soil Metric Data Between Treatments and Years 

Parameter:Soil Sulfur (ppm) 
N= 42 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 S 0.0001 0.0244 

1 S 0.0001 0.4040 

Differences between control and treatment among years 

Time Control Treatment Probability Test Used 

0 S 36 95 ±38.8 21.62 ±7.97 0.0451 Mann Whitney 
U-Test 

1 s 20 29 ±8.76 20.48 ±3.57 0.1531 Mann Whitney 
U-Test 

Probability 0.0112 0.7526 

Test Used Mann Whitney Mann Whitney 
U-Test U-Test 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Pinus Taeda N= 18 

At Planting Time =1 Time =2 

Survival 18 (100%) 18 (100%) 18 (100%) 

Control(Treatment) 9(9) 9(9) 9(9) 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Height 0.8407 0.6665 

Diameter 0.8664 0.1661 

1 Height 0.0957 0.5695 

Diameter 0.7137 0.1778 

2 Height 0.3710 0.7572 

Diameter 0.5014 0.2511 

Differences between control and treatment among years 

Time Control Treatment Probability Test Used 

0 Height 2.5 ±0.14 2.3 ±0.13 0.0167 T-Test w/equal 
var. 

Diameter 42.7 ± 5.3 43.8 ±5.8 0.6874 T-Test w/equal 
var. 

1 Height 3.05 ± 0.25 3.12 ±0.35 0.6268 T-Test w/equal 
var. 

Diameter 53.5 ±7.4 54.1 ±4.9 0.8313 T-Test w/equal 
var. 

2 Height 3.49 ±0.31 3.59 ±0.22 0.4362 T-Test w/equal 
var. 

Diameter 67.3 ± 6.8 73.4 ±3.8 0.0329 T-Test w/equal 
var. 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Pinus Taeda N= 18 

Control Control 
Time 0 Time 1 

Differences among treatment and controls between years 

Probability Test Used 

Height 2.5 ±0.14 3.05 ± 0.25 0.00001 

Diameter 42.7 ±5.3 53.5 ± 7.4 0.0028 

Treatment Treatment 
Time 0 Time 1 

Height 2.3 ±0.13 3.12 ±0.35 0.0001 

Diameter 43.8 ±5.8 54.1 ±4.9 

Control Control 
Time =1 Time =2 

Height 3.05 ±0.25 3.49 ± 0.31 0.0040 

Diameter 53.5 ±7.4 67.3 ±6.8 0.0008 

Treatment Treatment 
Time =1 Time =2 

Height 3.12 ±0.35 3.59 ±0.22 0.0034 

Diameter 54.1 ± 4.9 73.4 ± 3.8 0.00001 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

0.0009 

Probability Test Used 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

T-Test 
w/equal var. 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Juniperus virginiana N= 22 

At Planting Time =1 Time =2 

Survival 22 (100%) 11 (50%) 8 (36%) 

Control(Teatment) 10(12) 4(7) 4(4) 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Height 0.2368 0.2854 

Diameter 0.3740 0.1638 

1 Height 0.1602 0.2854 

Diameter 0.5490 0.6424 

2 Height 0.7539 0.2549 

Diameter 0.4968 0.8183 

Differences between control and treatment among years 

Time Control Treatment Probability Test Used 

0 Height 2.9 ±0.18 2.7 ±0.14 0.0546 T-Test w/equal 
var. 

Diameter 29.4 ±4.8 22.2 ± 2.0 0.0065 T-Test w/equal 
var. 

1 Height 2.93 ±0.17 2.7 ±0.14 0.0438 T-Test w/equal 
var. 

Diameter 32.5 ±2.1 24.2 ± 1.7 0.0001 T-Test w/equal 
var. 

2 Height 3.12 ± 0.14 3.05 ± 0.26 0.6445 T-Test w/equal 
var. 

Diameter 39.6 ±3.6 36.3 ±4.0 0.2615 T-Test w/equal 
var 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Juniperus virginiana N= 22 

Differences among treatment and controls between years 

Control Control 
Time 0 Time 1 

Height 2.9 ±0.18 2.9 ±0.17 

Diameter 29.4 ±4.8 32.5 ±2.1 0.2841 

Treatment Treatment 
Time 0 Time 1 

Height 2.7 ±0.14 2.7 ±0.14 

Diameter 22.2 ±2.0 24.2 ±1.7 

Control Control 
Time =1 Time =2 

Height 2.93 ±0.17 3.12 ±0.14 0.1348 

Diameter 32.5 ±2.1 39.6 ±3.6 0.0136 

Treatment Treatment 
Time =1 Time =2 

Height 2.7 ±0.14 3.05 ±0.26 0.1144 

Probability Test Used 

0.9525 T-Test 
w/equal var. 

T-Test 
w/equal var. 

1.0000 

0.0670 

Probability Test Used 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

Diameter 24.2 ± 1.7 36.3 ±4.0 0.0018 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

T-Test 
w/equal var. 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Liquidamber styrafolm N= 16 

At Planting Time =1 Time =2 

Survival 16(100%) 13 (81%) 6 (38%) 

Control(Teatment) 8(8) 8(5) 5(1) 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Height 0.1235 0.8798 

Diameter 0.1892 0.2099 

1 Height 0.7840 0.1545 

Diameter 0.5385 0.5113 

Differences between control and treatment among years 

Time Control Treatment Probability Test Used 

0 Height 2.9 ±0.35 3.1 ±0.34 0.5207 T-Test w/equal 
var. 

Diameter 29.4 ± 2.6 30.8 ± 4.9 0.4918 T-Test w/equal 
var. 

1 Height 3.3 ±0.34 3.3 ±0.05 0.9901 T-Test w/equal 
var. 

Diameter 36.4 ± 4.3 38.2 ±5.8 0.5242 T-Test w/equal 
var. 

2 Height NA NA NA NA 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Liquidamber styrafolia N= 16 

Diameter NA NA NA NA 

Differences among treatment and controls between years 

Probability Test Used Control Control 
Time 0 Time 1 

Height 2.9 ±0.35 3.3 ±0.34 0.0285 

Diameter 29.4 ±2.6 36.4 ±4.3 0.0016 

Treatment Treatment 
Time 0 Time 1 

Height 3.1 ±0.34 3.3 ±0.05 0.1020 

Diameter 30.8 ±4.9 38.2 ±5.8 0.0621 

Control Control 
Time =1 Time =2 

Height 3.3 ±0.34 NA NA 

Diameter 36.4 ± 4.3 NA NA 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

Probability Test Used 

NA 

NA 

Treatment Treatment 
Time =1 Time =2 

Height 3.3 ± 0.05 NA 

Diameter 38.2 ±5.8 NA 

NA 

NA 

NA 

NA 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Quercus macrocarpa N= 9 

At Planting Time =1 Time =2 

Survival 9 (100%) 8 (88%) 3 (33%) 

Control(T eatment) 4(5) 4(4) 0(3) 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Height 0.4622 0.6931 

Diameter 0.9185 0.5365 

1 Height 0.6664 0.7309 

Diameter 0.6772 0.0987 

Differences between control and treatment among years 

Time Control 

0 Height 2.5 ±0.12 

Diameter 32.4 ± 6.3 

Treatment Probability Test Used 

2.6 ± 0.09 0.5962 

33.9 ± 3.6 0.6889 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

1 Height 2.6 ±0.16 2.7±0.10 0.5941 

Diameter 39.2 ±7.3 37.4 ±2.3 0.6516 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

Height NA 

Diameter NA 

NA 

NA 

NA 

NA 

NA 

NA 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Quercus macrocarpa N= 9 

Differences among treatment and controls between years 

Probability Test Used Control Control 
Time 0 Time 1 

Height 2.5 ±0.12 2.6 ±0.16 0.2663 

Diameter 32.4 ± 6.3 39.2 ± 7.3 0.2084 

Treatment Treatment 
Time 0 Time 1 

Height 2.6 ±0.09 2.7 ±0.10 0.0954 

Diameter 33.9 ±3.6 37.4 ±2.3 0.1608 

Control Control 
Time =1 Time =2 

Height 2.6 ±0.16 NA NA 

Diameter 39.2 ±7.3 NA NA 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

T-Test 
w/equal var. 

Probability Test Used 

NA 

NA 

Height 

Treatment Treatment 
Time =1 Time =2 

2.7 ±0.10 NA 

Diameter 37.4 ± 2.3 NA 

NA 

NA 

NA 

NA 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Ulmus parvifolia N= 10 

At Planting Time =1 Time =2 

Survival 10(100%) 10(100%) 10(100%) 

Control(T eatment) 5(5) 5(5) 5(5) 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Height 0.0424 0.5121 

Diameter 0.6166 0.0281 

1 Height 0.0938 0.7276 

Diameter 0.8184 0.7468 

2 Height 0.6885 0.9719 

Diameter 0.1956 0.3007 

Differences between control and treatment among years 

Time Control Treatment Probability 

0 Height 3.4 ±0.38 3.7 ±0.39 0.4578 

Diameter 35.4 ±6.5 41.0 ±2.8 0.1425 

Test Used 

Mann-Whitney 
UTest 

Mann-Whitney 
UTest 

1 Height 3.6 ±0.38 3.8 ±0.31 0.2841 

Diameter 37.6 ± 7.4 44.2 ± 2.9 0.0996 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

Height 3.9 ± 0.29 

Diameter 46.4 ± 6.2 

3.9 ± 0.30 0.8928 

50.2 ± 1.85 0.2481 

T-Test w/equal 
var. 

T-Test 
w/unequal var. 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Ulmus parvifolia N= 10 

Differences among treatment and controls between years 

Probability Test Used Control Control 
Time 0 Time 1 

Height 3.4 ±0.38 3.6 ±0.38 0.2087 

Diameter 35.4 ± 6.5 37.6 ± 7.4 0.6322 

Treatment Treatment 
Time 0 Time 1 

Height 3.7 ±0.39 3.8 ±0.31 

Diameter 41.0 ±2.8 44.2 ±2.9 

Control Control 
Time =1 Time =2 

Height 3.6 ±0.38 3.9 ±0.29 0.2177 

Diameter 37.6 ± 7.4 46.4 ± 6.2 0.0750 

Treatment Treatment 
Time =1 Time =2 

Height 3.8 ±0.31 3.9 ±0.30 0.7048 

Diameter 44.2 ±2.9 50.2 ± 1.85 0.0044 

Mann-Whitney 
UTest 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

0.5800 

0.1425 

Probability Test Used 

Mann-Whitney 
UTest 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

T-Test w/equal 
var. 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Carya illinoisensis N= 10 

At Planting Time =1 Time =2 

Survival 10(100%) 10(100%) 8(80%) 

Control(Teatment) 5(5) 5(5) 4(4) 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Height 0.7782 0.0241 

Diameter 0.5045 0.2416 

1 Height 0.9626 0.0141 

Diameter 0.6641 0.1825 

2 Height 0.8397 0.4979 

Diameter 0.5993 0.6894 

Differences between control and treatment among years 

Time Control Treatment Probability 

0 Height 2.6 ±0.11 2.6 ±0.20 0.4620 

Diameter 25.2 ± 4.3 26.4 ± 4.8 0.6942 

Test Used 

Mann-Whitney 
UTest 

T-Test w/equal 
var. 

1 Height 3.1 ±0.19 

Diameter 27.8 ± 5.8 

2.9 ± 0.25 0.6752 

27.4 ±4.8 0.9177 

Mann-Whitney 
UTest 

T-Test w/equal 
var. 

2 Height 3.1 ±0.20 

Diameter 27.8 ± 3.3 

3.1 ±0.23 0.9875 

32.6 ± 6.24 0.2249 

T-Test w/equal 
var. 

T-Test w/equal 
var. 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Carya illinoisensis N= 10 

Differences among treatment and controls between years 

Probability Test Used Control Control 
Time 0 Time 1 

Height 2.6 ±0.11 3.1 ±0.19 0.0013 

Diameter 25.2 ±4.3 27.8 ±5.8 0.4509 

Treatment Treatment 
Time 0 Time 1 

Height 2.6 ±0.20 2.9 ±0.25 0.0937 

Diameter 26.4 ±4.8 27.4 ±4.8 0.7471 

Control Control 
Time =1 Time =2 

Height 3.1 ±0.19 3.1 ±0.20 

Diameter 27.8 ± 5.8 27.8 ± 3.3 

Treatment Treatment 
Time =1 Time =2 

Height 2.9 ±0.25 3.1 ±0.23 0.5411 

Diameter 27.4 ±4.8 32.6 ±6.24 0.3552 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

Mann-Whitney 
UTest 

T-Test w/equal 
var. 

Probability Test Used 

0.8949 

0.4336 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

T-Test w/equal 
var. 



Distributions of Tree Metric Data Between Treatments and Years 
Specie: Betula nigra N= 8 
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At Planting Time =1 Time =2 

Survival 8(100%) 8(100%) 0(0%) 

Control(T eatment) 4(4) 4(4) 0(0) 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Height 0.2640 0.6225 

Diameter 0.4481 0.6393 

1 Height 0.1374 0.9896 

Diameter 0.2768 0.5945 

Differences between control and treatment among years 

Time Control Treatment Probability Test Used 

0 Height 3.9 ± 1.02 4.2 ±0.41 0.5630 T-Test w/equal 
var. 

Diameter 50.5 ±4.4 55.0 ±7.9 0.3540 T-Test w/equal 
var. 

1 Height 4.3 ± 1.31 4.5 ± 0.64 0.8515 T-Test w/equal 
var. 

Diameter 51.6 ±5.1 58.4 ± 7.9 0.1992 T-Test w/equal 
var. 

2 Height NA NA NA NA 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Betula nigra N= 8 

Diameter NA NA NA NA 

Differences among treatment and controls between years 

Probability Test Used Control Control 
Time 0 Time 1 

Height 3.9 ± 1.02 4.3 ±1.31 0.6137 

Diameter 50.5 ±4.4 51.6 ±5.1 0.7386 

Treatment Treatment 
Time 0 Time 1 

Height 4.2 ±0.41 4.5 ±0.64 0.5390 

Diameter 55.0 ±7.9 58.4 ±7.9 0.5596 

Control Control 
Time =1 Time =2 

Height 4.3 ±1.31 NA NA 

Diameter 51.6 ±5.1 NA NA 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

Probability Test Used 

NA 

NA 

Treatment Treatment 
Time =1 Time =2 

Height 4.5 ± 0.64 NA 

Diameter 58.4 ± 7.9 NA 

NA 

NA 

NA 

NA 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Prunus mexicana N= 28 

At Planting Time =1 

Survival (100%) 23( %) 

Control(T eatment) 14 (14) 13(10) 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Height 0.2661 0.5843 

Diameter 0.1015 0.1459 

1 Height 0.8015 0.6739 

Diameter 0.0101 0.3559 

Differences between control and treatment among years 

Time Control Treatment Probabilit 

0 Height 1.8 ±0.16 1.7 ±0.15 0.3401 

Diameter 27.2 ± 3.0 27.0 ± 2.4 0.8371 

1 Height 1.8 ±0.19 1.8 ±0.20 0.6701 

Diameter 30.1 ±2.5 31.7 ±3.5 0.1136 

Test Used 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

Mann-Whitney 
U-Test 



207 

Distributions of Tree Metric Data Between Treatments and Years 
Specie: Prunus mexicana N= 28 

Differences among treatment and controls between years 

Control Control 
Time 0 Time 1 

Height 1.8 ±0.16 1.8 ±0.19 

Diameter 27.2 ±3.0 30.1 ±2.5 

Treatment Treatment 
Time 0 Time 1 

Height 1.7 ±0.15 1.8 ±0.20 

Diameter 27.0 ±2.4 31.7 ±3.5 

Probability Test Used 

0.3851 

0.0148 

0.2821 

0.0025 

T-Test w/equal 
var. 

Mann-Whitney 
UTest 

T-Test w/equal 
var. 

T-Test w/equal 
var. 



208 

Distributions of Tree Metric Data Between Treatments and Years 
Specie: Cercis canadensis N=30 

At Planting Time =1 

Survival (100%) 23( %) 

Control(T eatment) 12(18) 9(14) 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Height 0.8400 0.2026 

Diameter 0.6137 0.4696 

1 Height 0.3992 0.7026 

Diameter 0.3849 0.7182 

Differences between control and treatment among years 

Time Control Treatment Probabilit; 

0 Height 1.7 ±0.32 1.7 ±0.26 0.7816 

Diameter 13.4 ± 1.3 14.1 ± 1.9 0.3242 

1 Height 1.7 ±0.39 1.7 ±0.28 0.9138 

Diameter 16.1 ±2.0 16.8 ±2.1 0.4336 

Test Used 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

T-Test w/equal 
var. 

T-Test w/equal 
var 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Cercis canadensis N=30 

Differences among treatment and controls between years 

Probability Test Used Control Control 
Time 0 Time 1 

Height 1.7 ±0.32 1.7 ±0.39 0.9793 

Diameter 13.4 ±1.3 16.1 ±2.0 0.0034 

Treatment Treatment 
Time 0 Time 1 

Height 1.7 ±0.26 1.7 ±0.28 0.6026 

Diameter 14.1 ±1.9 16.8 ±2.1 0.0014 

T-Test w/equal 
var. 

T-Test w/equal 
var 

T-Test w/equal 
var. 

T-Test w/equal 
var. 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Pinus a/ghan N= 47 

At Planting Time =1 

Survival (100%) 31(%) 

Control(T eatment) 23 (24) 14(17) 

Shapiro Wilks Test for Normality Probabilties 

Time Control Treatment 

0 Height 0.3191 0.1537 

Diameter 0.2812 0.5364 

1 Height 0.1153 0.0148 

Diameter 0.5832 0.4057 

Differences between control and treatment among years 

Time Control Treatment Probability Test Used 

0 Height 1.7 ±0.08 1.8 ±0.10 0.6666 T-Test w/equal 
var. 

Diameter 20.8 ±3.8 21.6 ± 3.7 0.5428 T-Test w/equal 
var. 

1 Height 2.0 ±0.14 1.9 ± 0.15 0.0735 Mann Whitney 
UTest 

Diameter 27.8 ± 2.7 28.0 ±4.5 0.8890 T-Test w/equal 
var 
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Distributions of Tree Metric Data Between Treatments and Years 
Specie: Pinus a/ghan N= 47 

Differences among treatment and controls between years 

Probability Test Used Control Control 
Time 0 Time 1 

Height 1.7 ±0.08 2.0 ±0.14 0.0001 

Diameter 20.8 ±3.8 27.8 ± 2.7 0.00001 

Treatment Treatment 
Time 0 Time 1 

Height 1.8 ±0.10 1.9 ±0.15 0.0013 

Diameter 21.6 ±3.7 28.0 ±4.5 0.0001 

T-Test 
w/unequal var. 

T-Test w/equal 
var 

T-Test w/equal 
var. 

T-Test w/equal 
var. 
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Distributions of Tree Root and Worm Data Between Treatments and Years 
Specie:Carya illinoisensis 

N=9 

Root Mass 

Worms 

Control 

0.8365 

0.0333 

Treatment 

0.8398 

0.0262 

Differences between control and treatment among years 

Control Treatment Probability 

Root Mass 0.11±0.05 0.10±0.09 0.9416 

Worms 1.4 ± 1.9 3.5 ±0.6 0.1556 

Test Used 

T-Test w/equal 
var. 

Mann Whitney 
UTest 

Distributions of Tree Root and Worm Data Between Treatments and Years 
Specie: Juniperus virginiana 

N=9 

Shapiro Wilks Test for Normality 

Root Mass 

Worms 

Probabilties 

Control Treatment 

0.3572 0.0001 

0.1036 0.1883 

Differences between control and treatment among years 

Control Treatment Probability 

Root Mass 0.56± 0.32 0.66±0.37 0.7133 

Worms 3.4 ± 2.5 3.0 ±3.5 0.8459 

Test Used 

Mann Whitney 
UTest 

T-Test w/equal 
var. 
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Distributions of Tree Root and Worm Data Between Treatments and Years 
Specie: Ulmus parvifolia 

N=10 

Shapiro Wilks Test for Normality 

Root Mass 

Worms 

Probabilties 

Control Treatment 

0.0036 0.0311 

0.6922 0.6856 

Differences between control and treatment among years 

Control Treatment Probability 

Root Mass 0.64± 0.86 0.94±0.73 0.2963 

Worms 2.6 ±2.3 3.0 ±2.6 0.8051 

Test Used 

Mann Whitney 
UTest 

T-Test w/equal 
var. 

Distributions of Tree Root and Worm Data Between Treatments and Years 
Specie rPinus taeda 

N=18 

Shapiro Wilks Test for Normality 

Root Mass 

Worms 

Probabilties 

Control Treatment 

0.2856 0.1972 

0.2317 0.3028 
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Distributions of Tree Root and Worm Data Between Treatments and Years 
Specie:Pm«s taeda 

N=18 

Differences between control and treatment among years 

Control Treatment Probability Test Used 

Root Mass 0.46±0.36 0.57±0.57 0.6125 T-Test w/equal 
var. 

Worms 3.1 ±2.8 4.0 ±2.9 0.5127 T-Test w/equal 
var. 
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