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DISCLAIMER 
 
 
“This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product or process disclosed, or represents, that its use would not infringe on any privately 
owned rights. Reference herein to any specific commercial product, process, or service by 
trade name, trademark, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof.” 
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ABSTRACT 
 

The October – December Quarter was dedicated to analyzing the first two years tree planting 
activities and evaluation of the results.  This included the analyses of the species success at 
each of the sites and quantifying the data for future year determination of research levels.  
Additional detailed studies have been planned to further quantify total carbon storage 
accumulation on the research areas.  At least 124 acres of new plantings will be established 
in 2005 to bring the total to 500 acres or more in the study area across the state of Kentucky.
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INTRODUCTION 
 
EXECUTIVE SUMMARY 
 
During the first 2 years of activities, 172,000 tree seedlings were planted on 257 acres in 
eastern Kentucky and 77,520 seedlings were planted on 119 acres in western Kentucky.  The 
quantities of each species was discussed in the first Annual Report.  A monitoring program 
was implemented to measure treatment effects on above and below ground C and nitrogen 
(N) pools and fluxes.  A sampling strategy was devised that will allow for statistical 
comparisons of the various species within planting conditions and sites. 
 
Seedling heights and diameters are measured for initial status and re-measured on an annual 
basis. Leaves were harvested and leaf area measurements were performed.  They were then 
dried and weighed and analyzed for C and N.  Whole trees were removed to determine 
biomass levels and to evaluate C and N levels in all components of the trees.  Clip plots were 
taken to determine herbaceous production and litter was collected in baskets and gathered 
each month to quantify C & N levels. 
 
Soil samples were collected to determine the chemical and mineralogical characterization of 
each area.  The physical attributes of the soils are also being determined to provide 
information on the relative level of compaction. 
 
Hydrology and water quality monitoring is being conducted on all areas.  Weather data is 
also being recorded that measures precipitation values, temperature, relative humidity wind 
speed and direction and solar radiation. 
 
Detailed studies to address specific questions pertaining to carbon flux are continuing. 
 
 
EXPERIMENTAL 
 
The study is taking place in three distinct mining regions in Kentucky’s eastern and western 
coalfields regions.  Specific mining sites are located in southeastern Kentucky near the West 
Virginia border, in southeastern Kentucky near Hazard and in western Kentucky near Central 
City. 
 
Tree species selections are intended to provide a gradient of tree growth and litter quality.  
Tree species included white ash, yellow poplar, white pine and other available species 
Seedlings of each species were planted randomly in mixed species plots on compacted 
(control), dozer ripped and Kentucky RAM #124 loose-graded spoil at the three mining 
locations.  
  
A monitoring program continues to measure treatment effects on aboveground and 
belowground C and nitrogen (N) pools and fluxes for the planting areas. Sample plots were 
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established in the mixed species planting areas at the reforestation sites. Plots were designed 
in a manner to both adequately sample each species planted and to account for differences 
with respect to site preparation activities and micro-topographic variability amongst planting 
units. As such, multiple 50 x 50 meter plots were set within planting units. This scenario was 
replicated within each reforestation site and for the differing reclamation practices employed 
(ripped vs. uncompacted vs. compacted). In addition, complete seedling inventories were 
analyzed in several smaller plots (1-2 ha.) that presented unique features in both reforestation 
areas. The sampling strategy will provide for a minimum of 100 seedlings per species per 
planting unit, which will allow for statistical comparison of the differing species within the 
differing planting conditions and sites. These plots will also be utilized for measuring carbon 
pools within the sites. 
 
Seedling height and diameter were measured within the plots and will be remeasured 
annually.  Notes were taken on seedling health, vigor, growth form and level of herbivory.  
Leaf area measurements were performed on a subset of trees from each plot (3 per species 
per plot). Once measured, individual leaves were collected, dried, weighed and analyzed for 
C and N. Aboveground seedling biomass production shall be estimated with allometric 
equations developed from the above information for the individual species. Plots were 
planted with enough seedlings so that select trees can be later sacrificed to determine whole 
tree biomass, and evaluate C and N levels in stems, branches and roots.  Root biomass is 
measured using sequential soil coring over an annual cycle, and through whole tree 
harvesting. Clip plots were used to measure herbaceous production on the mine soil. Litter 
was collected from the plots using 0.5 m2 plastic litter baskets. The baskets are emptied each 
month and the litter is dried, weighed and analyzed for C and N. 

 
Soil samples were collected from each plot at 0-5, 5-10, 10-20 and 20-40 cm increments for 
chemical and mineralogical characterization.  Physical attributes of soils on the sites were 
determined using a recording cone penetrometer and a nuclear density gauge. Both 
instruments provide information on the relative level of compaction or depth of resistance.   

  
Hydrology and water quality monitoring equipment was installed at the eastern and western 
Kentucky reforestation sites. Flumes and stilling wells were placed adjacent to the planting 
areas to measure runoff from rain events. ISCO automatic water samplers were installed to 
evaluate export of solids and C from the planting areas. Solar panels and liquid level 
actuators were connected to the ISCO samplers to: 1) provide a constant power source and 2) 
to initiate sampling only when runoff was detected. Pressure transducers and mini-
dataloggers were installed to provide continuous (10 minute interval) stage data for 
determination of flow rates. Water samples were collected from the ISCOs after each event 
that produced sample; then, transferred to the University of Kentucky in coolers at 40C where 
they were analyzed for total and suspended solids, total dissolved solids, particle size 
analysis, and total organic carbon.  A weather station consisting of a tipping bucket style rain 
gauge was installed to monitor rainfall events at each flume location.  Data is recorded at 
five-minute intervals using HOBO event datalogger. Additional weather stations will be 
installed at each of the major reforestation sites to measure precipitation volume, 



 

University of Kentucky Research Foundation                                                                                         02/25/2005 
9th Quarterly Report – 10/1/04 thru 12/31/04 

DE-FC26-02NT41624                                                                                                                                   Page 8 

temperature, relative humidity, wind speed and direction and solar radiation.  The weather 
stations are centrally located among plots within each site. 

  
Detailed studies to address specific questions pertaining to carbon flux were initiated with the 
development of additional manipulative plots to examine the influence of spoil depth, 
mycorrhizae, chemical and mineralogical properties, and use of amendments on forest 
establishment. Based upon earlier studies by UK and the USDA Forest Service, mycorrhizal 
fungi have been shown to play a major role in the survival, nutrient uptake and biomass 
development (above and below ground) of seedlings planted on mined sites and abandoned 
industrial areas. Given that the current reforestation study intends to examine the potential for 
enhanced carbon sequestration on mined sites via C accumulation in soil and forest biomass, 
then efforts to maximize seedling survival and growth should be further examined. As such, a 
factorial experiment using inoculated vs. non-inoculated species in non-fertilized, fertilized 
only, amended (organic mulch) only, and fertilized + amended plots are being examined. 
Seedlings used for the study were grown at the Kentucky Division of Forestry Nursery. 
Currently, the Nursery does not inoculate their beds with mycorrhizae, so the mycorrhizal 
trees used for the study were inoculated in the beds and later treated with root dip applied at 
the time of transplanting. As such, preparation of seedling beds was performed last year at 
the Morgan Co. Nursery for the experimental study. Beds were prepared using a tractor 
drawn-inoculator that places a vegetative inoculum of Pisolithus tinctorius (Pt) and 
Scleroderma cepa (Sc) at a depth of approximately 10 cm between the seedling rows. 
Seedlings were monitored in the beds throughout the summer and an inoculation index was 
performed prior to planting. 
 
RESULTS AND DISCUSSIONS 
 
The analysis of the first two years data is currently in process and planting sites and plans are 
being developed. Data acquisition was conducted through October.  Winterizing sites was 
completed in November. Data input was complete for all sites.  Acquired data includes 
rainfall, runoff, sediment sampling, growth survival, vigor and other site specific variables. 
 
Another special study to further evaluate growth variables and carbon sequestration has been 
designed for the research site at Bent Mountain in Pike County. 
 
An experiment will be set up to evaluate water quality and quantity characteristics in loose 
dumped spoil material. This will be a replicated random design with three duplicated 
treatments on one acre plots: 

1. Mixed spoil (M): 4-6’ mixture of weathered brown sandstone, gray sandstone and 
shales (similar to plots established in 2004 at this site), 

2. Weathered brown sandstone (B): 4-6’ of brown sandstone only, 
3. Gray sandstone (G): 4-6’ of gray sandstone only. 

 
The use of individual spoil geologic materials will be used to test the need for spoil 
segregation and to establish that mixed spoil supports hardwoods at, near or above that of 
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other geologic mediums. The plots will be physically separated, meaning that each acre plot 
will be isolated a 6 to 8 foot buffer between where no loose spoil will be dumped. This area 
is important to provide the statistical rigor that we need to prove that the technique works. 
The buffer will also serve as an area where we will have access to the drain pipes and 
instrumentation that will be located below the loose spoil. 
 
Plot Layout: Prior to dumping the spoil materials, a 9 acres, site.  We reformed for the 
purposes of the water characterization studies. The site was graded from southeast to 
northwest with the highest elevation occurring on the southeast edge. The final grade was 
approximately 4% which will ensure that water drains across the site. This area was then  
divided in half along the short axis and graded so that the center point is at a lower elevation 
than either edge of the northeast and southwest edge (forming a Vtype configuration so that 
water drains towards the center of the plot).  
 
Researchers from UK and OSM  subsequently marked the individual plots on the surface of 
the tail dump area and installed drainage pipes and pan lysimeters. After placement on the 
surface, they were covered with a foot or so of spoil material to protect them from spoil being 
dumped by the haul trucks.   Spoil was dumped on the sites as specified in RAM 124. Soil 
moisture instruments were placed in the spoil This will measure water movement in these 
plots and provide information pertaining to water utilization and evapotranspiration by the 
growing trees. 
 
The seedling mix has been chosen for both the eastern and western Kentucky planting sites.  
The selection is based on availability of the various species and which ones are most suited to 
the physiographic region.  The species and approximate percentage composition for the two 
areas are as follows: 
 
 

Eastern Kentucky  Western Kentucky 
Species Percent  Species Percent 
Green Ash 14.9  Green Ash 14.5 
White Oak 17.4  N Red Oak 14.5 
Chestnut Oak 7.2  Shumark Oak 9.4 
N. Red Oak 24.6  White Oak 15.9 
Sugar Maple 3.3  Bur Oak 7.2 
Yellow Poplar 9.1  Yellow Poplar 11.6 
Black Locust 8.7  Bald Cypess 2.2 
White Pine 4.7  Black Locust 10.1 
Redbud 3.3  Pitch/Lub Pine 6.5 
Dogwood 3.3  Wild Plum 2.2 
Sycamore 3.6  Silky Dogwood 2.9 
   Redbud 2.9 
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CONCLUSIONS 
 
No conclusions can be drawn at this time since one third of the project has not been 
completed. 
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Appendix 1: Bent Mountain Planting Area 
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Appendix 2 – Bent Mountain Research Area Layout 
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Appendix 3 – End View of Bent Mountain Tail Dump Plots 
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Appendix 4 – Internal View of Bent Mountain and Dump Plots 
 

 


