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There are many agricultural practices known to enhance the downward trajectory of carbon dioxide; examples 
include the integration of tree-crops into grazed landscapes (silvopasture), prescriptive grazing, the integration of 
perennial cropping systems, riparian corridor restoration, compost applications on rangelands, cover cropping, and 
no-till and conservation tillage, to name a few. 

Regeneration of degraded landscapes
Due to the significant ‘carbon debt’ that exists within degraded landscapes, shifts in management that replenish 
that carbon debt can equate to significant gains for reducing atmospheric carbon levels. With that in mind, there are 
arguably no more degraded landscapes in the United States than those that have been blown up and excavated for 
coal, subsequently opportunities for building soil carbon are readily available. In the United States, coal mining has 
disturbed approximately 2.4 million hectares since 1930 (Zeleznik and Skousen, 1996), with over 600,000 hectares 
residing in the Appalachian region. Surface mining operations remove topsoil and reduce soil quality through 
enhanced mineralization, erosion, and leaching. The soil organic matter (SOC) content of mine soil is typically very 
low compared to undisturbed surface soils (Bussler et al., 1984), and the potential to increase the those carbon levels 
in reclaimed mine soils can be significant (Amichev et al., 2008).

Research by Dr. Chris Barton at the University of Kentucky has been focused on soil organic carbon measurement 
and monitoring of reclaimed mine sites for over two decades. Two sites featured in his ongoing research study 
include Bent Mountain and Starfire Mountain sites—both sites are undergoing restoration through reforestation; 
in Bent, the organic matter fraction increased from 0.03 to 0.095% between years 0 and 2, whereas the Starfire site 
showed an increase from 0.095 to 1.47% between years 3 and 8. This equates to a C sequestration rate of 2.92 Mg 
per hectare per year during the 8 years of reclamation, (Barton et. al., 2007). This carbon capture (for one hectare 
of land, over the span of the mine land reclamation) equates to offsetting 205,280 miles driven by an average size 
passenger vehicle, (www.epa.gov).

2009 photos: View of the inactive 
Appalachian Fuels Bent Mountain 
surface mine near Pikeville, KY 
(left); and (below) UK professor Chris 
Barton in a stand of trees planted in 
2005 at the University of Kentucky 
experimental strip mine reforestation 
site at Bent Mountain. (Photos by 
Charles Bertram, Lexington Herald 
Leader)



Briefing Paper: 2015-2016 Hemp Plantings 3

For Dr. Barton, hemp offers another possibility in the effort to reclaim mine lands. He is optimistic in regard to the 
potential ecological and economic impact of this crop in Eastern Kentucky. His interest in hemp agriculture is a nexus 
point between his soil carbon research and the very clear need for the return of right livelihoods in the region.  
“My father was the president of the hemp society, and my granddad raised hemp, we are really interested to see the 
soil results from the mine fields hemp fiber project, and watch these sites over time, the economic potential is also very 
interesting to me.”

The intersection of restoring terrestrial carbon sinks, while generating new economic opportunities in rural communities, 
while providing natural fiber for human cloth needs, are three equally important opportunities that this project is 
exploring. It is the intersectional nature of this effort that has inspired Fibershed to engage and support this work.

The project includes the following complimentary and coordinated activities: Soil carbon processing through the 
University of Kentucky by Dr. Chris Barton; planting & harvesting implementation by Todd Howard of HF Farms; 
agricultural support, economic feasibility assessment by Nathan Hall (Yale School of Forestry & Environmental Studies 
and Yale School of Management/Joint Candidate); decortication and milling by BastCore, and cloth prototyping and 
value-add economic feasibility assessment by Fibershed. Todd and Nathan are 7th and 9th generation members of 
Eastern Kentucky families with close ties to the land and community, their ability to work within the region and manage 
within topographically diverse and complex farming sites has proven successful over two consecutive growing seasons.

Nathan Hall and Todd Howard in the University of Kentucky hemp research plot. (Photo by Coleman Larkin)
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The toll of extractive industries
The Central Appalachian coalfields are a land rich in cultural history and natural resources. Native Americans 
harvested fruits, nuts, berries, medicinal herbs, and wild game animals to support an ecologically balanced lifestyle. 
Early European settlers whittled out a largely self-sufficient life based on farming the limited creek and river bottom 
lands, pasturing hogs underneath the towering masting trees, and harvesting limited timber for cabin building. This all 
changed when a rapidly industrializing America realized that the region’s vast coal and timber reserves could be tapped 
to fuel national growth, and the past 120 years has drastically transformed the region’s identity and topography based on 
large-scale extraction.

Eastern Kentucky is comprised of long-time community residents with backgrounds in organic farming, nonprofit 
management, and religious institutions. Appalachian people have largely lived and worked at the whim of huge 
industrial forces over the past 120 years, and this has severely damaged the landscapes, waterways, and a sense of 
confidence and empowerment within the culture of the people. The rapid decline in the regional coal industry in the 
past few years due to shifting national energy economics and policies has left a multitude of former miners without jobs, 
requiring them to leave the region or retool their skill set. 

A piece of the economic and environmental solution
Growing industrial hemp on former mined lands represents a potentially very important piece of the economic and 
environmental solution moving forward, which could be developed into local value-added processing centers.

Farming hemp on reclaimed mine lands is an effort that seeks to explore agricultural opportunities for Eastern KY with 
a strong emphasis on environmental stewardship. There is work underway currently in the region to develop and grow 
local farmers markets and support local food systems, and thus the natural expansion of this work into developing local 
and climate focused fiber systems is a complimentary endeavor. The task to develop carbon-negative soil restoring hemp 
production methods is now underway. 

An overview of the research
Nathan Hall and Todd Howard conducted the following action-based research, and Nathan Hall produced the  
following maps. 

Four acres of the former mine site was planted with a well-known fiber varietal called Futura 75.  The 4-acre planted area 
was divided into subplots; the four test treatments were replicated on two subplots for a total of eight subplots.
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Sites 1 to 4 ceased mining in the early 1990s. Sites 5 to 8 ceased mining in the late 2000s. There have been approximately 
25 years of organic matter buildup on the older sites and about 6-7 years of buildup on the newer sites. 

Soil samples were taken in five randomized and replicated methods within each of the eight sites. The A Horizon, which 
consists of the material from the surface down to about 1.5 inches, was the first sampled depth. The second sample 
depth consists of the C Horizon, which measures from the bottom of the A Horizon, 1.5 inches down to about 5 inches. 
The third, this sample consists of both A & C. These horizon depths were agreed upon through conversations with the 
partners in Eastern Kentucky, Dr. Marcia DeLonge (of the Union of Concerned Scientists) and Fibershed. The shallow 
nature of the sampling is based on the reality and physical nature of the landscape post mining, whereby a thin layer 
of grass and root structure has grown on top of what equates to a significant quantity of rock. There is little soil organic 
matter to sample at this time. These horizon levels were the only depths that could be sampled at this time.

Soil samples results taken pre-planning have been fractioned at the University of Kentucky and the results are on page 7. 
The method for testing for soil carbon levels in reclaimed mine soils is known as derivative thermogravimetry, whereby 
coal particulate left in the soil can be accounted for so as not to skew soil carbon test results.

Treatment methods for each site
Plot 1 - Site 1: Bio Solids (2000 lbs) – Tractor, Bush Hog, Disc, Backhoe, Manure Spreader, Grain Drill
Plot 1 - Site 2:  Bio Solids (2000 lbs) & Bio Char (1500 lbs) – Tractor, Bush Hog, Disc, Backhoe,  

Manure Spreader, Grain Drill
Plot 1 - Site 3: Tractor, Bush Hog, Disc, Fertilize Spreader, Grain Drill
Plot 1 - Site 4: (Control) Tractor, Bush Hog, Disc, Grain Drill
Plot 2 - Site 5:  Bio Solids (2000 lbs) & Bio Char (1500 lbs) – Tractor, Bush Hog, Disc, Backhoe,  

Manure Spreader, Grain Drill
Plot 2 - Site 6: Bio Solids (2000 lbs) – Tractor, Bush Hog, Disc, Backhoe, Manure Spreader, Grain Drill
Plot 2 - Site 7: Tractor, Bush Hog, Disc, Fertilize, Grain Drill
Plot 2 - Site 8: (Control) Tractor, Bush Hog, Disc, Grain Drill
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Sample # 1M KCL 
pH

calc soil-
H2O pH

Sikora 
buffer pH

Average 
pH

P K Ca Mg Zn Total N % Sand % Silt % Clay CEC, 
meq/100g

Base 
Saturation

Total 
C %

SE01 4.82 5.73 6.75 5.77 621 202 2898 808 51.3 0.46% 55.58% 30.53% 13.89% 16.57 85.65% 5.77%

SE02 4.66 5.58 6.66 5.63 77 173 2188 436 14.1 0.32% 64.24% 25.91% 9.85% 12.87 72.93% 4.75%

SE03 4.52 5.45 6.88 5.62 403 153 1682 425 26.9 0.18% 65.82% 23.84% 10.34% 9.18 68.16% 3.04%

SE04 4.6 5.53 6.85 5.66 429 279 1611 367 26.3 0.25% 61.61% 27.13% 11.26% 8.44 70.42% 3.59%

NE01 4.49 5.43 6.32 5.41 597 261 3656 654 67.8 0.61% 60.48% 29.29% 10.23% 23.21 77.42% 7.28%

NE02 5.34 6.2 7.06 6.20 19 183 2146 639 10.5 0.27% 48.61% 36.35% 15.04% 14.00 74.84% 4.80%

NE03 5.07 5.95 6.82 5.95 425 303 2690 755 42.5 0.41% 55.92% 30.53% 13.55% 15.23 85.67% 5.57%

NE04 5.05 5.94 6.86 5.95 559 285 2607 713 51.2 0.49% 54.48% 30.83% 14.69% 15.23 81.42% 6.39%

NW01 5.13 6.01 6.98 6.04 18 144 2062 530 7.4 0.29% 61.56% 28.60% 9.85% 12.33 78.28% 4.26%

NW02 4.98 5.87 6.75 5.87 250 220 2677 794 44.7 0.44% 54.04% 31.96% 14.00% 17.28 82.67% 5.59%

NW03 5.2 6.07 7.08 6.12 232 165 1807 530 19.3 0.24% 56.22% 30.59% 13.18% 9.58 81.83% 3.87%

NW04 5.28 6.14 7.25 6.22 136 142 1317 508 13.1 0.14% 52.95% 32.82% 14.23% 6.84 81.04% 2.75%

SW01 4.95 5.84 7.02 5.94 11 102 1680 391 6.5 0.22% 67.43% 22.34% 10.23% 7.76 86.55% 3.28%

SW02 4.92 5.82 7.2 5.98 6 95 1175 363 5.2 0.13% 70.26% 19.59% 10.14% 6.02 77.09% 2.77%

SW03 4.37 5.32 6.66 5.45 552 158 1993 366 39.8 0.31% 65.89% 22.51% 11.60% 9.99 79.78% 4.99%

SW04 5.16 6.04 7.09 6.10 207 213 1504 416 15.7 0.31% 54.64% 30.43% 14.93% 8.80 78.71% 6.58%

BS01 4.21 5.17 5.23 4.87 2662 1131 5765 1483 240.5 3.57% 74.34% 15.40% 10.26% 56.27 57.74% 22.92%

BS02 5406 2403 13988 3546 362.2 3.42% 19.74%

Mined Land Soil Sample Results
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Stalk Processing and Textile Recipe Update
The harvest from the 2015 research field was shipped to Fibershed’s research partner for decortication. The fiber 
has been separated from the woody core and has been degummed (lignin removal). Yarn samples were produced by 
combining the hemp with regionally farmed protein fibers including Alvina Maynard’s alpaca and Kathy Meyer’s wool. 
We produced a single twist fine gauge yarn, composed of 35% hemp, 35% alpaca and 30% wool.  The resulting cloth was 
handwoven by Martha Richard (a production weaver from Boston, Kentucky).

Processed hemp: (top row, left to right) decorticated, softened, blended with wool (photos courtesy of BastCore and Waite 
Hill Fabrics); Alvina Maynard’s alpacas and Kathy Meyer’s sheep (photos by Meg Wilson Photography); handwoven cloth.




