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LOOSENING COMPACTED SOILS ON MINED SITES  
R. Sweigard, J. Burger, D. Graves, C. Zipper, C. Barton, J. Skousen, P. Angel 


  
Because successful surface-coal mining businesses 
must move earth materials efficiently, mining 
operations today use large and heavy equipment. 
Track dozers and haul trucks used for mining can 
weigh in excess of 100 tons each, while wheel 
loaders and loaded haul trucks often exceed 200 
tons. It is becoming well known within the mining 
industry that successful reforestation of reclaimed 
sites requires loose and uncompacted surface 
materials, but some areas become compacted due 
to machinery operation, traffic, and storage that is 
necessary for the mining business to be successful.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Even when empty, haul trucks can weigh 50 - 
100 tons or more; this weight exerts force where tires 
meet the land surface, causing severe compaction of 
mine soils. Loaders, dozers, and other heavy mining 
equipment also cause compaction that hinders tree 
growth when operated on surface soils.  
 
Trees require deep, loose mine soils to survive and 
grow into healthy, productive forests. Such forests 
can support viable forest-products’ businesses, 
protect the watershed, store carbon, and serve as 
wildlife habitat. This advisory describes procedures 
that can be used to loosen soils that have become 
compacted by mining equipment in order to restore 
land capability for forests. 
 


Avoiding Soil Compaction  
The best way to deal with compaction on mine sites 
is to avoid compacting the soil in the first place. 
Uncompacted conditions suitable for trees can be 
created using techniques that cost less than 
traditional smooth-surface “tracked in” reclamation. 
Loose dumping of surface materials, combined with 
the minimum grading necessary to shape the land, 
creates loose soils and rough surfaces, increases 


rainwater infiltration, and increases the survival 
and growth of trees. Throughout Appalachia, coal 
operators are finding these techniques to be a cost-
effective successful method for establishing forests 
and achieving timely bond release when used with 
the Forestry Reclamation Approach (Burger and 
others 2005). 
 
Coal operators can minimize equipment use on the 
final surface but there will often be areas that 
become compacted, generally the flatter areas and 
sites used for equipment storage. Many 
Appalachian and midwestern mine sites reclaimed 
under SMCRA have become compacted due to 
excessive equipment operation (Angel and others 
2005).  In order for such lands to support a forested 
postmining land use, soils must be loosened prior 
to reforestation. 
 


What Can Be Done to Loosen Compacted Soil? 
Ripping of the soil with a ripper blade or a deep 
plow attached to a dozer can alleviate most soil 
compaction effects on mine sites (Figure 2).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. A dozer is ripping to loosen soils and produce 
soil conditions favorable to successful reforestation in a 
former roadway. 
 
Subsurface ripping was first used for reclamation 
on prime farmlands disturbed by mining in the 
Midwest.  In years following SMCRA’s passage, 
rubber-tired equipment was often used to replace 
the subsoil and topsoil on prime farmland sites.  
Such practices compacted soils and created lands 
that could not produce the required crop yields.  







Various deep plows were developed and used to 
overcome compaction in prime farmland 
reclamation, and research studies have shown that 
their use helps to restore soil productivity (Dunker 
and others 1995, 2000). More recently, similar 
methods have been used to alleviate soil 
compaction on post-SMCRA sites (Conrad and 
others 2002). 
 
The choice of ripping device and procedure 
depends on site conditions. Available ripping 
devices include single, double, and triple shank 
rippers, with and without plow attachments.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. A single-shank ripper is capable of ripping the 
soil to a depth suitable for forest trees when attached to 
a large dozer. 
 
In areas where topsoil is lacking and surface spoils 
contain large boulders, a single shank ripper 
(Figure 3) will generally produce the best results.  
As the shank encounters boulders, they are lifted 
and rotated which has the effect of loosening the 
material around and above the boulders (Figure 4), 
which increases the operation’s effectiveness.  With 
this type of ripper in rocky soil, it is usually 
adequate to rip in only one direction.    
 
When ripping is done on mined land with thick soil 
that is relatively free of boulders, a deep plow will 
do a better job of loosening the soil than a straight-
shank ripper.  In this case the plow’s shape is 
important because, without boulders to be pulled 
up, the subsurface blade must lift and fracture the 
soil. A plow-like attachment has been used 
successfully on a single shank ripper blade (Figure 
5). Such devices cannot withstand the stresses of 
moving large boulders and are not recommended 
where boulders are present.  
 
If soils have a high clay content, ripping in two 
perpendicular directions (“cross-ripping”) is 
recommended, as ripping in only one direction in 
clayey soils tends to cut a narrow trench without 
shattering the surrounding soil.  The tree roots tend 
to grow only in the direction of the trenches, which 
makes them susceptible to being blown over by 
wind after they develop a crown. 


 
Since forest trees require at least 4 feet of 
uncompacted rooting medium to achieve their 
growth potential, compacted mined land being 
prepared for trees should be ripped to a depth of at 
least 4 feet. Although 4 feet will be an effective 
ripping depth on most sites, deeper is better. In 
order to rip a compacted mine site to 4 feet, a dozer 
size equivalent to a Cat D-9 or larger is generally 
required. Use of shorter (less than 4 feet) rippers 
can be beneficial in areas where surface soils have 
been compacted but deeper soils remain loose. If a 
shorter single-shank ripper (less than 4 feet) is used, 
the entire area should be crossed-ripped to ensure 
adequate loosening of the surface.  Using a triple 
shank ripper should eliminate the need to cross-rip 
because it loosens most of the total surface area. 
Unless a very large dozer is used, however, a triple-
shank ripper may not reach as great a depth as a 
single-shank ripper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. A ripping operation has brought large boulders 
to the surface, thus loosening the surrounding soil 
materials on this Appalachian surface mine. Note that the 
ripping has reduced ground cover density near the 
ripped channel, which will help tree seedlings planted 
over that channel to survive and become established. 
 
When ripping is done on nearly level ground, the 
direction of ripping is not critical.  However, when 
ripping is done on slopes, it is advisable to rip along 
the contour to minimize erosion. 
 
In all cases, it is best to rip when the ground is dry 
because dry soils fracture much better than damp 
or moist soils; this is especially important for clayey 
mine soils.  Ripping operations during late summer 
or fall take advantage of the relatively dry seasonal 
conditions while allowing soil settling for early-
spring tree planting.







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. This ripper with a plow attachment can be 
used to loosen soils that do not contain large rocks and 
boulders. The “wings” on the ripper blade will loosen 
soils located beside ripping trench. 
 
Is Ripping Needed? 
On Appalachian surface mines it is common for 
relatively flat areas to be more compacted than 
steeper slopes, especially if those areas have been 
used for equipment storage, maintenance, and 
operations; such heavily compacted soils will 
require ripping to produce commercially valuable 
trees. In contrast, soils on steeper slopes often 
remain relatively loose because they are not 
affected by equipment operations after grading.  
 
It is relatively easy to determine whether or not 
soils have been compacted to an extent which 
makes ripping necessary to ensure satisfactory tree  
growth.  A common hand spade or a drain spade 


shovel can be used to estimate the extent of 
compaction by putting a modest amount of foot 
pressure (50 pounds) on the spade while rocking 
its tip to by-pass coarse fragments (if a rock big 
enough to block the spade is encountered, move 
to another spot). The depth of spade penetration 
will be affected by the degree of compaction and is 
an indicator of forest site quality (Table 1). For 
example, a highly compacted soil could be 
penetrated with a spade to a depth of 1 to 3 
inches. Without ripping, the site would be 
classified as “fair” and would be capable of 
growing oaks only 50 feet tall at age 50. Trees 
growing at this rate would have little value except 
as firewood so the land would have little or no 
value as a forest-products investment. Ripping the 
site would improve the soil by 1 to 3 site-quality 
classes, depending on the type and quality of the 
ripping practice (This assumes other soil properties 
are suitable for growing trees, and good forestry 
practices are applied after the area is ripped.). Note 
that return on investment doubles when site 
quality is improved by one class.  
 


 
 
 


Relationships between soil compaction, soil 
physical properties, and tree growth (Table 1) have 
been worked out in research studies. The term 
“bulk density” refers to a technical measure of soil 
density that is often used in such studies. A low 
bulk density indicates a loose soil that allows


 
Table 1. The relationship among degree of compaction, spade penetration depth, forest site quality, and relative return on 
a forestry investment (after Burger and others 1998, 2002; and Probert 1999). Forest site quality is an indicator of the 
soil’s ability to support growing trees. 
Soil Density Condition Very Dense Dense Moderately 


Compacted 
Slightly 


Compacted 
Loose 


Spade penetration 0-1 inches 1-3 inches 3-6 inches 6-9 inches 9-12 inches 
Site Quality Class V (poor) IV (fair) III (medium) II (good) I (excellent) 
Oak site index a 40 50 60 70 80 
Use for wood products None Firewood Railroad ties Saw timber Veneer 
$ /1000 board ft stumpage valueb - Less than $100 $200 $500 $2000 
Relative return on investment  -2% 0% 2% 4% 8% 
a Approximate height in feet of a white or red oak growing at age 50. These ratings assume that all other factors (other 
mine soil properties, ground cover, seedling quality, etc.) affecting productivity other than soil density are optimum. 
b As of 2/07. J. Hayek, Timber Blog. Univ. of Illinois Extension Div.  http://web.extension.uiuc.edu/forestry/blogs/eb94/ 


Figure 6. A spade can be 
used to estimate mine soil 
density and the need for 
ripping. Depth of 
penetration when applying 
foot pressure and a rocking 
motion is an indicator of 
soils’ capability to support 
trees that will survive and 
grow into commercial 
products (see Table 1). This 
long-nosed drain spade was 
able to penetrate spoil 
easily; this area should be 
able to grow trees 
successfully without being 
ripped. 







rainfall to infiltrate easily, which helps to prevent 
erosion, and will not impede root extension by 
growing trees.  Bulk density can be measured in 
different ways including specialized field sampling 
methods.  Research has found that, in rocky spoil, 
dry bulk density should be less than 100 pounds 
per cubic foot at a depth of 2 inches, which 
correlates with relatively deep shovel penetration. 


 
 
 
 
 
 
 
 
 
 
 
 
 


Another way of evaluating soil density conditions is 
with a cone penetrometer, a common geotechnical 
testing device that drives a steel cone into the 
ground with a hydraulic ram.  To ensure good tree 
growth in rocky spoil, the cone should be able to 
penetrate at least one foot into the ground. This is 
an average value that can vary based on soil type 
and rock content.  
 
Has Ripping Been Effective? 
Our experience shows that a deep and thorough 
ripping of very dense mine soils can improve the 
soil by as many as 3 or 4 site quality classes (Table 
1). Even a moderately compacted site can be 
greatly improved because the economic value of 
trees increases disproportionately on the high end 
of the site-quality gradient due to improved wood 
product class (e.g., veneer has a much greater value 
than saw timber – Table 1) as well as faster growth 
rates. 
 
Is Ripping Cost-Effective? 
Ripping should be considered a practice of last 
resort. It is far less expensive to avoid compaction 
during reclamation than to correct it once it has 
occurred.  Loose grading costs less than the 
excessive grading that compacts soils because 
loose grading requires less dozer time – and loose-
graded sites can grow trees successfully without 
the expense of ripping. Nonetheless, it is difficult to 
avoid all surface compaction on an active mine site; 
the pre-mining capability to grow trees cannot be 
restored on areas that have been compacted by 
repetitive equipment traffic unless such areas are 
ripped prior to planting.  
 
Experience has shown that it takes about an hour 
to rip one acre with a D-9 dozer or equivalent with 
a single-shank ripper.  In 2006 using contract 


equipment, the cost was approximately $150 per 
acre.  The type of ripper used will also affect the 
per-acre cost. For example, a triple-shank ripper 
would require a larger tractor and more time. 
 
Conclusions 
The Forestry Reclamation Approach (FRA) is a way 
of reclaiming active surface mines to maximize 
reforestation potentials (Burger and others 2005).  
A non-compacted growth medium is essential to 
FRA reclamation. Soil conditions suitable for trees 
can be created by placing materials on the surface 
loosely, and minimizing surface grading. On areas 
that do become compacted, soil conditions suitable 
for trees can be restored through deep ripping. 
Although ripping may not produce land that is as 
desirable as land that has been loosely graded from 
the outset, it can alleviate soil compaction so that 
reforestation can be successful and restore land 
capability to pre-mining levels.   
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TREE-COMPATIBLE GROUND COVERS  
FOR REFORESTATION AND EROSION CONTROL  


 


J. Burger, V. Davis, J. Franklin, C. Zipper, J. Skousen, C. Barton, P. Angel 
 


Introduction 
Productive native forests create economic value for 
landowners, produce raw materials for wood-based 
products, and provide benefits such as watershed 
control, water quality protection, carbon storage, 
wildlife habitat, and native plant diversity. Owners of 
lands mined for coal in Appalachia are increasingly 
interested in assuring that productive forests are 
restored after mining.  


Sediment control is essential to coal mine reclamation 
under the Surface Mining Control and Reclamation Act 
(SMCRA). Here, we describe how mining firms can 
achieve good tree survival and restore forest 
productivity by using tree-compatible ground covers, 
when necessary, to control erosion and meet ground 
cover standards.  


The Forestry Reclamation Approach (FRA) 
The FRA is a method for reclaiming coal-mined land to 
forest under SMCRA (see Burger and others, 2005). 
The FRA differs from past reclamation practices that 
used agricultural grasses and legumes such as K-31 
tall fescue and red clover to create dense vegetative 
cover. Thick, vigorous agricultural grasses and 
legumes are necessary for postmining land uses such 
as hayland/pasture, but grasses and legumes are 
used only as needed for erosion control when 
reclaiming lands for forestry. For forestry, native 
herbaceous and woody ground cover is preferred 
because it seldom hinders tree survival and growth.  


The FRA has five steps:  


1. Create a suitable rooting medium for good tree 
growth that is no less than 4 feet deep and 
comprised of topsoil, weathered sandstone and/or 
the best available material. 


2. Loosely grade the topsoil or topsoil substitute 
established in step one to create a non-
compacted growth medium. 


3. Use ground covers that are compatible with 
growing trees. 


4. Plant two types of trees--early successional 
species for wildlife and soil stability, and 
commercially valuable crop trees. 


5. Use proper tree planting techniques. 


This publication deals with the FRA’s 3rd step; it 
describes methods for establishing ground cover 
vegetation to control erosion without hindering 
survival and growth of planted trees. Those methods 
include establishing soil conditions to encourage 
native, volunteer ground cover, and, when necessary, 
seeding grasses and legumes that will provide minimal 
competition with growing trees. 


FRA Reclamation Controls Erosion 
FRA steps 1 and 2, selection and placement 
procedures for mine soils that promote tree survival 
and growth, reduce the need for sowing agricultural 
grasses and legumes for erosion control.  Mine soils 
with good chemical and physical properties for native 
trees are also good for native herbaceous plants, 
microbes, and soil animals.  


When suitable mine soil is used, a variety of native 
plants often establish and provide nearly complete 
ground cover within several years (Angel and others 
2006). High diversity often occurs when native topsoil 
is included in the mine soil (Wade 1989; Holl and 
others, 2001; Hall and others, 2009).  On an eastern 
Kentucky area with three types of mine soils planted 
with trees but not sown with ground cover, Angel and 
others found that after 4 years, brown weathered 
sandstone had 79% cover made up of 69 volunteer 
species including 16 trees while gray unweathered 
sandstone had 4% cover made up of 18 volunteer 
species including only one tree species -- black locust 
(unpublished data). This example shows how native 
vegetation responds to different topsoil substitutes, 
and that little or no agricultural grasses and legumes 
are needed for ground cover when the FRA is used on 
favorable materials. 
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Figure 1. Ground cover vegetation on coal mine sites.  


Upper left: A tree-compatible ground cover in mid-summer, 
about 3 months after planting. The cover is sparse but 
planted trees are able to survive and grow, and native 
plants can seed in and become established.  


Lower left: A grass-dominated ground cover that is typical 
of conventional grassland reclamation 3 years after planting. 
The site is fully covered but the tree is growing at less than 
half its potential and is exposed to predation.  


Top right: A tree-compatible ground cover also 3 years after 
planting on a site that is also fully covered. In this photo, at 
least half the cover is made up of native plants including 
trees that seeded in via wind and wildlife. Trees are growing 
faster because the cover is less competitive.  


 
FRA step 2 leaves the surface soil looser and rougher 
than conventional grading (see Sweigard and others 
2007). Loose spoil allows more water infiltration, so 
more rainwater enters the soil where it can be used 
by growing plants and less rainfall runs off the 
surface, limiting the amount of eroded soil; the soil 
that is carried by rainfall runoff often moves only 
short distances into depressions in the rough surfaces. 
Thus, when the soil surface is left rough and 
uncompacted, erosion can often be controlled without 
establishing dense ground cover vegetation. 


Natural processes can establish ground cover readily 
when soil conditions are favorable for reforestation: 
uncompacted, with a rough surface; constructed from 
topsoil and/or weathered brown sandstones, either 
alone or mixed with overburden; and with pH in the 
range of 5.5 – 6.5. On steep slopes, on areas far from 
native seed sources within large mining operations, 
and in states with specific ground cover standards, 
grasses and legumes will need to be sown even when 
using the FRA.  


New Ground Cover Regulations 
Although each State has different regulations, federal 
regulations do not require establishment of ground 
cover where trees are planted using the FRA if tree 
establishment is successful, the postmining land use is 
achieved, and erosion and off-site sedimentation are 
controlled (Federal Register, 2007). Tennessee and 
Virginia have modified their ground cover 
requirements for FRA reclamation from set standards 
(80 and 90% cover, respectively) to ground cover as 
needed to control erosion. These changes recognize 
that the FRA reclamation reduces runoff and erosion 
on most mine sites, compared to traditional 
reclamation practices that compact the soil, and that 
aggressive ground covers inhibit tree seedling survival 
and forest productivity.   
 
Tree-Compatible Ground Cover  
Using tree-compatible ground cover with the FRA 
differs from the “grassland reclamation approach” 
used in past years to establish both hayland-pasture 
and unmanaged forest. The grassland reclamation 
approach uses fast-growing agricultural grasses and 
legumes to achieve rapid and complete ground cover. 
In contrast, FRA reclamation uses “tree-compatible” 
ground cover to minimize competition with tree 
seedlings. To establish tree-compatible ground cover:  
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• use less-competitive ground cover species,  
• use lower seeding rates,   
• use less nitrogen (N) fertilizer, and  
• accept a less-dense herbaceous ground cover in the 


first few years after seeding.  
The result will be a lower-growing, less vigorous, 
sparse ground cover that allows planted tree seedlings 
to survive and grow, and allows more recruitment of 
volunteer plants (Figure 1). Use of tree-compatible 
ground cover will achieve timely bond release on soils 
that are properly prepared for reforestation.  


FRA seeding and fertilization rates, Table 1, are 
presented as general guidance. Because climate, soil 
conditions, and regulatory policies vary among states, 
and because state and federal regulatory policies 
change with time, the rates of Table 1 should not be 
considered a rigid recipe or prescription. We 
encourage mining firms to consider the guidance of 
Table 1, site conditions, and local regulatory policies 
when deciding ground cover seeding rates.  


Instead of the high N and low Phosphorus (P) used 
for grassland reclamation, FRA reclamation uses low N 
to reduce the vigor of early-growing grasses and high 
P to nourish trees for the long term. The Table 1 
fertilization rate is adequate to establish seeded  
ground cover; as the legumes mature, they convert N 
from the atmosphere to plant-available forms.  


Generally, the three perennial grasses and both 
legumes listed in Table 1 would be seeded, along with 
one of the annual grasses. Because foxtail millet 
produces more organic material than annual rye, 
some agencies and companies may prefer it to annual 
rye, especially on steep slopes. Foxtail millet, 
however, is considered to be an invasive species and 
is not recommended for Tennessee (TEPPC 2008). 
Other disadvantages of foxtail millet, relative to 
annual rye, are that it produces large amounts of 
vegetative cover that can inhibit native vegetation 
recruitment during its first year. It also produces seed 
grains and cover that can attract animals such as 
rodents and deer that can damage the tree seedlings. 


We have found the rates of Table 1 to be adequate 
for establishing FRA ground cover on a wide range of 
mine spoil materials where pH is greater than 5, but 
other seeding strategies are also possible. For 
example,  in Tennessee  ground cover mixes have 
been seeded that rely on native warm-season grasses 
to establish perennial cover. These species take 2 
years to establish, so they are seeded with an annual 
such as annual rye or millet. Shorter-statured species 
(see Table 2) are recommended for this use, as tall 
species such as switchgrass can be expected to 
compete with the tree seedlings (Rizza and others 
2007).  


Table 1. Example of a seeding and fertilizer application for 
FRA reclamation on mine sites where soil conditions are 
favorable for forest vegetation (pH between 5.0 and 6.5). 
These rates are intended to achieve >80% ground cover 
after 2 years, although species and rates may differ based 
on local conditions. Before seeding, mining firms are 
encouraged to check with the SMCRA regulatory authority. 


Species * Rate (lbs/acre) 
Perennial Grasses: 
   perennial ryegrass  
   orchardgrass (steep slopes only) 
   timothy  


 


 
10  
5 
5 


Annual Grasses 
annual ryegrass, or  
foxtail millet ** 


 


 
5 
10 


Legumes (with inoculant): 
birdsfoot trefoil (steep slopes only) 
ladino or white clover  


 


 
5 
3 


Fertilizer: *** 
Nitrogen (N) 
phosphorus (as P) 
                 (as P2O5) 


 
50-75 
80-100 
180-230 


 


* For more detail on each species, see Skousen and Zipper 
(2009).  


**    Foxtail millet can substitute for annual rye in late spring / early 
summer seedings.  


*** Can be achieved by applying 400 lbs/acre di-ammonium 
phosphate, by blending 200 lbs/acre concentrated super 
phosphate (0-60-0) with 300 lbs/acre 19-19-19 fertilizer, or 
with other fertilizer blends. 


 
Using tree-compatible ground cover helps establish 
forested postmining land uses in several ways: 


• The lower-growing tree-compatible species allow 
more sunlight to reach the tree seedlings. 


• Tree-compatible species withdraw water and 
nutrients from the soil more slowly than faster-
growing grasses and legumes, leaving more of 
these essential resources for the planted trees. 


•  Tree-compatible species do not cover the ground as 
rapidly or completely, allowing more of the seeds 
that are carried to the site by wind and wildlife to 
land on the soil surface, germinate, and become 
established. In Appalachian mining areas, most of 
these seeds are generally of native forest species. 


•  Tree-compatible ground cover allows rapid 
establishment and growth of native trees which 
minimizes the invasion of troublesome exotic 
species such as multiflora rose and autumn olive.  


• Tree-compatible species are less attractive to 
animals such as deer and rodents that may damage  
tree seedlings through browsing or other means. 
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Table 2. Short-statured native warm-season grasses 
(NWSG) that have been seeded* with annual grasses and 
hydromulch to establish tree-compatible ground cover 
successfully in Tennessee. 


Common name Botanical name 
little bluestem Schizachyrium scoparium 
side oats grama Bouteloua curtipendula  
eastern gamagrass Tripsacum dactyloides 
broomsedge bluestem Andropogon virginicus 
Indian grass Sorghastrum nutans 
* typical rates: 8-10 lbs. total NWSG seed / acre 
 


Revegetation using the FRA is typically done in two 
steps: 1) planting bare-root tree seedlings, and 2) 
hydroseeding ground cover seeds, fertilizer, mulch, 
and lime if needed. Because herbaceous ground cover 
often competes with the trees, reducing their survival 
and growth, we recommend that whenever possible 
the trees should be planted first in late winter, 
followed by hydroseeding in the following spring, or 
even in the following fall if allowed by the regulatory 
authority. Hydroseeding over planted seedlings in the 
spring should be done prior to leaf formation by the 
trees, while fall hydroseeding over planted seedlings 
should be delayed until after tree leaves change color 
so as to avoid the possibility of seedling damage. 
Planting trees in established ground cover can reduce 
seedling survival, especially if the young seedlings 
experience drought conditions.  


If an area is ready for reclamation after the tree 
planting period ends in mid-spring and the regulatory 
authority or mining firm believes ground cover is 
needed before the next tree-planting season, the best 
option for reforestation is to seed an annual grass 
such as annual ryegrass or foxtail millet on that area. 
This annual vegetation will become a dead standing 
crop by the next tree planting season and will not 
interfere with the planted trees. In fact, these dead 
plant materials can be an asset to reforestation as 
they will aid recycling of fertilizer nutrients and help 
protect the soil surface from erosion. Having this plant 
material on-site in the fall will also aid in “catching” 
wind-blown seeds from surrounding areas. If soil 
conditions are favorable and good natural recruitment 
of native plants occurs, such sites may be able to 
meet regulatory ground cover requirements without 
overseeding. A mining firm using this strategy should 
confer with the regulatory authority to determine the 
need for overseeding and its timing. In some cases 
only spot overseeding on steeper slopes may be 
necessary. 


When allowed by regulatory authorities, miners should 
avoid fall seeding followed by tree planting during that 
winter, as this practice will usually produce ground 
cover that is too competitive the following spring.  


Should the Mine Site be Fertilized? 
Growing trees require essential nutrients in adequate 
quantities. Weathering overburden releases calcium, 
magnesium, potassium, sulfur, and many 
micronutrients, but N and P are often lacking in mine 
overburden. Successful mine reforestation requires 
that N and P be supplied in sufficient quantities to 
support tree growth. 


If the mine soil used for reforestation incorporates 
native topsoil in amounts similar to the unmined  
forests, that topsoil will usually carry sufficient N and 
P to support tree growth. The term “topsoil,” as used 
here, means all soil materials that can be removed 
easily by a dozer, including stumps, roots, and woody 
debris left behind after timber removal. If topsoil is 
used as a substitute for fertilization, it is essential that 
organic materials from the forest soil surface be 
included because the surface is the most nutrient rich 
portion of the forest topsoil. The surface materials 
also include viable seed, so use of fresh topsoil for 
reclamation will encourage natural revegetation.   


If topsoil is not used to restore the surface of a mine 
site where the miner is relying on natural processes 
for ground cover, the site should be fertilized using 
the rates in Table 1. Such fertilizer can be applied by 
a hydroseeder either just before planting seedlings or 
after planting when the seedlings are dormant, or 
broadcast as pelletized forms during any season. 


Decisions regarding fertilization should be made in 
consultation with the regulatory authority.  


Should a Soil Test be Performed? 
If regulators require a soil test or if soil chemistry is 
not known, a soil test should be performed. However, 
miners reclaiming lands for forestry should be wary of 
soil test results not targeted for mining and forestry. 
Most soil testing recommendations are well suited for 
farms, golf courses, and homeowners that use plants 
with nutrient needs that are different from those of 
planted trees. Soil test N recommendations will 
generally exceed desirable levels for FRA ground 
cover, and P recommendations, although adequate for 
short-lived crops, will often be inadequate for forest 
trees’ long-term nutrition needs. Fertilizer rates of 
Table 1 are tailored to FRA ground cover and tree 
requirements and are suitable for most mine sites. 


Unless acid-forming materials are present, liming is 
generally not needed for FRA reclamation. Soil test  
lime recommendations are intended to achieve the 
near-neutral pH’s preferred by crops and grasses, but 
FRA ground cover species do well in the 5.5-to-6.5 pH 
range preferred by most Appalachian hardwood trees. 
If soil pH is expected to stabilize at less than 5, lime 
should be applied to adjust pH to the 5.5-to-6.5 
range. 
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Figure 2. This figure represents how vegetative cover changes through time when FRA reclamation is used. All 
four vegetation types are sown or planted during reclamation, but each type is dominant at a different stages.  
 


 
FRA Reclamation Encourages Ecological 
Succession 
Succession is a term used to describe natural changes 
in plant community composition over time (see 
Groninger and others 2007). Figure 2 represents how 
the vegetation mix established by FRA reclamation 
changes through time. Four vegetation types are 
established during reclamation but they grow at 
different rates and flourish, or dominate, at different 
times.  


Vegetation established by FRA reclamation is a 
combination of planted and volunteer herbaceous 
species, nurse/wildlife trees, and crop trees. As 
represented by “total cover” in Figure 2, FRA 
reclamation is designed to provide at least 80% cover 
by the end of the 2nd growing season and to 
approach 100% cover by the 5th growing season. 


Four stages of cover development occur (Figure 2).  


• Stage 1: Grasses dominate and provide most of the 
cover. The slow growing, bunch-forming grasses of 
Table 1 will be sparse at first but will produce more 
ground cover during the second and third years. 
When most of the fertilizer N has been utilized, the 
grasses thin, creating openings for native plants that 
are carried onto the site as seed by birds, other 
wildlife, and wind. 


• Stage 2. Legumes and native plants dominate and 
provide most of the cover.  The legumes add N to 
the soil and are less competitive than grasses. The 
herbaceous legumes persist until they are shaded 
out by the trees.  


• Stage 3: Fast-growing nurse/wildlife trees make up 
10 to 20% of the total trees planted in the FRA.  
Some of these trees fix N from the atmosphere and 
all provide habitat for wildlife and canopy cover for 
erosion control. Those nurse trees that grow edible 
fruits and seeds attract seed-carrying birds and 
other wildlife, thus aiding establishment of plant 
species from unmined areas. 


• Stage 4: By the time the trees close canopy (i.e., 
when the tree tops grow together), the crop trees 
dominate and provide most of the cover. Fallen 
leaves and other organic litter accumulate and begin 
to decompose, providing additional fertility for the 
trees. Because much of the ground is shaded by 
trees, the non-tree vegetation closer to the ground 
(“understory”) remains sparse.  


Because the hydroseeded ground cover remains 
sparse during the first few years, native plants 
including forest trees are able to seed in, germinate, 
and emerge. Thus, the plant community is comprised 
of many species in addition to those seeded and 
planted by the mining firm. Rapid canopy closure by 
native species reduces invasion of troublesome exotic 
species such as autumn olive and multiflora rose. 
Over time, the plant community develops naturally to 
become more like the region’s native forest. 


The guidelines of Table 1 are intended to establish 
vegetation that can aid in controlling erosion, allow 
recruitment by native plant species for increased 
diversity, fix N from the atmosphere, create wildlife 
habitat, minimize invasion of exotic species, and 
develop into a productive forest dominated by native 
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hardwoods. Experience has shown that many native 
tree species volunteer by seeds brought in by wind 
and wildlife, which can help the mining firm satisfy 
regulatory requirements if the permit describes those 
species as components of the postmining land use.  


How FRA Ground Cover Looks and Works 
“Tree-compatible” FRA ground cover (Table 1) is 
designed to be less competitive than grassland-
reclamation ground cover. The FRA ground cover 
looks short and sparse on a rough-graded surface, 
especially during its first year (Figure 1). This is by 
design. Some miners and inspectors who are familiar 
with grassland reclamation may have trouble, at first, 
accepting the “look” of the FRA reclamation. What is 
important, however, is not the look but how it works. 
Use of native cover or sown, tree-compatible ground 
cover within the FRA allows operators to establish a 
productive forest while meeting regulatory standards.  


When reforesting non-mined sites, foresters usually 
kill competitive grasses and weeds with herbicides as 
a standard practice before planting trees. Traditional 
mine reclamation has taken the opposite approach, 
sowing competitive grasses and legumes to the 
detriment of the planted trees. Reclamation 
procedures for establishing forests differ from those 
for establishing hayland-pasture and other uses that 
require agricultural grasses. The two reclamation 
approaches look different because they are intended 
to achieve different purposes.  


Summary 
The Forestry Reclamation Approach (FRA) is 
becoming more popular with mine operators and 
landowners as a way of reducing reclamation costs 
while improving the postmining land’s value as 
productive forest. The FRA uses a slow growing, non-
competitive, tree-compatible ground cover. Such a 
ground cover will have a sparse “look” for the first 
several years, but – when used within the FRA – such 
ground cover controls erosion while encouraging 
recruitment by native forest species and allowing 
planted trees to survive and grow. Because state 
regulations vary, mine operators are encouraged to 
confer with regulatory authorities when developing 
ground cover seeding plans. 
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The Appalachian Regional Reforestation Initiative 
(ARRI) is a cooperative effort by the States of the 
Appalachian Region with the Office of Surface 
Mining to encourage restoration of high quality 
forests on reclaimed coal mines in the eastern USA.  
ARRI's goals are to communicate and encourage 
mine reforestation practices that 1) plant more 
high-value hardwood trees on reclaimed coal 
mined lands in Appalachia; 2) increase the survival 
rates and growth rates of planted trees; and 3) 
expedite the establishment of forest habitat 
through natural succession. These goals can be 
achieved when mines are reclaimed using the 
Forestry Reclamation Approach (FRA). 


The FRA is a method for reclaiming coal-mined 
land under the Surface Mining Control and 
Reclamation Act (SMCRA) to forest, and is based 
on knowledge gained from both scientific research 
and experience (Burger and others, 2005). The 
FRA is considered by state mining agencies and US 
Office of Surface Mining to be an appropriate and 
desirable method for reclaiming coal-mined land to 
support forested land uses (See References). 


When mining and reclamation operations are 
conducted using the FRA, results can include both 
cost-effective regulatory compliance by the coal 
operator and productive  postmining forests. 
Productive forests generate value for their owners 
and provide watershed protection, wildlife habitat, 
and other environmental services (photo 1).   


Why is the ARRI needed? 
SMCRA improved the surface-mine landforms by 
increasing stability, improving water quality, and 
enhancing human safety in the Appalachian 
region, compared to the results of pre-SMCRA 
mining. However, SMCRA’s implementation has 
not been accompanied by widespread 
replacement of forests disturbed by mining. Many 
mined lands were restored as grasslands but are 
not currently used for hay or pasture by their 
owners.  Native forests will eventually be restored 
on such areas by natural succession, but this 
process is slow and centuries may be required.  


Following SMCRA’s implementation, regulators 
focused on stability of landforms created by 


mining at the expense of restoring forest land 
capability. This approach was caused by a desire to 
solve the problems such as severe erosion, 
sedimentation, landslides, and mass instability 
caused by pre-SMCRA surface mining.  As a result, 
excessive soil compaction was common on surface 
mines, and aggressive ground covers were 
generally planted. Furthermore, both regulators 
and mine operators were challenged by the 
technical complexities of implementing SMCRA in 
the years following its passage. As a result, 
reforestation took a back seat. Lastly, some early 
efforts by mine operators to reforest under SMCRA 
proved problematic, in part because these efforts 
were conducted without the benefit of scientific 
knowledge that is available today; as a result, mine 
operators and regulators came to believe that 
postmining land uses such as hay and pasture land 
were easier and cheaper to achieve than forests.  
These factors and others contributed to a 
significant loss of forests due to mining across 
Appalachia. The current reforestation initiative is 
an effort to increase knowledge and change 
attitudes about planting trees on surface mines.  


Forests have been the traditional land use and 
support an established industry throughout the 
eastern coalfields; in recent years, resurgence in 
the hardwood timber and wood-using industries 
has occurred throughout the region.  Furniture, 
flooring, and paneling are made from many fine 
hardwood species, while softer woods are used for 
plywood, oriented-strandboard, and wood pulp.  
"Soft hardwoods" such as tulip poplar, red maple, 
sycamore, green ash and bigtooth aspen, all of 
which have good potential as reclamation species, 
are being sought by industrial wood-users along 
with the traditionally-valuable species such as the 
oaks.  Furthermore, forests provide many benefits 
such as wildlife habitat, watershed control, carbon 
sequestration, and recreation. Owners of mined 
lands, who were once content to have their land 
reclaimed to grassland and shrubland, are 
becoming more interested in reforestation with 
commercially-valuable hardwoods.  


A goal of mined land reclamation under SMCRA is 
to create land with equal or better postmining 
land use potential than the land was prior to 
mining. Scientific research has demonstrated that  
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Photo 1. Thinning and pruning a 17-year old white pine 
stand established by an active coal mining operation in 
Virginia using procedures similar to the Forestry 
Reclamation Approach. Scientific studies demonstrated 
that this site’s productivity is comparable to that of the 
area’s native forests (Rodrigue and Burger, 2004), and 
that the stand’s response to management has created 
additional economic value for the timber owner (Burger 
and others, 2003). 


 


 


 


 


 


 


 


 


reforestation using the FRA is capable of achieving 
this goal. Many grassland areas created after 
SMCRA, have soil properties less favorable to 
forests than on the lands that preceded mining.  
The role of ARRI is to coordinate and improve 
dissemination of information, while promoting 
further research across all the Appalachian States. 


What is a Forest Reclamation 
Advisory? 


Reforestation researchers and experts from 
universities throughout the region have joined 
forces with Federal and State regulators to form 
the ARRI. One goal of the ARRI’s Academic Team is 
to generate a series of guidance documents called 
Forest Reclamation Advisories which will describe 
state-of-the-science procedures for coal-mine 
operators and other mine reforestation 
practitioners, agency personnel, and mined land 
owners. This introductory publication is the first in 
the series intended to cover a variety of topics 
related to reforestation of mined lands. Future 
publications may address emerging issues as well 
as current knowledge. Revisions will be published 
as new information becomes available.  


For access to future Forest Reclamation Advisories 
as they are published, or for a complete list of ARRI 
Team members, see the ARRI web site at 
http://arri.osmre.gov/ 


Faculty and researchers from the following 
universities and organizations contributed to this 
Forest Reclamation Advisory: Ohio State 


University, Pennsylvania State University, Purdue 
University, Southern Illinois University, University 
of Kentucky, University of Maryland, University of 
Tennessee, Virginia Polytechnic Institute and State 
University, West Virginia University, and United 
States Forest Service (retiree).  
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PLANTING HARDWOOD TREE SEEDLINGS ON RECLAIMED MINE LAND IN 
APPALACHIA 


 
V. Davis, J. Franklin, C. Zipper, P. Angel 


 
Introduction 
The Forestry Reclamation Approach (FRA) is a 
method of reclaiming surface coal mines to 
forested post-mining land use (see Forest 
Reclamation Advisory No. 2). “Use proper tree 
planting techniques” is Step 5 of the FRA; when 
used with the other FRA steps, proper tree 
planting can help to ensure reforestation success.   


Proper care and planting of tree seedlings is 
essential to any reforestation effort.  Appalachian 
coal mines reclaimed using the FRA will often be 
rough, rocky, and on steep terrain. Thus, hand 
planting is the usual method for planting 
hardwood tree seedlings.  Professional tree 
planting companies with experience in hand-
planting reclaimed mines can provide excellent 
results.  Most of these companies offer a complete 
service that includes obtaining, handling and 
planting hardwood tree seedlings.  State forestry 
departments and consulting foresters can also 
provide valuable assistance.  


Any mined-land tree planting process entails 
several steps, each of which must be executed 
competently to assure a successful reforestation 
project. They are: 


o Selecting and Ordering Seedlings 
o Site Preparation 
o Proper Handling and Storage of Seedlings 
o Preparing Seedlings for Planting 
o Planting Tree Seedlings 
o Post-Planting Care and Assessment 


 
Selecting and Ordering Seedlings 
Nurseries produce seedlings either as bare-root or 
containerized stock.  Bare-root seedlings grown in 
nursery beds are relatively inexpensive when  
purchased in bulk.  Less common species are 
produced in smaller quantities, usually in 
containers, and are delivered in soil-filled 
containers or with a plug of soil surrounding the 
roots.  Most hardwood seedlings for reforestation 
are purchased as bare-root stock grown in a 
nursery for one year and are referred to as 1-0 


seedlings.  Bare-root hardwood 1-0 seedlings 
should have a vigorous root system.  


Mine operators and reclamation practitioners are 
encouraged to review the reforestation plan in the 
approved permit during the summer and calculate 
the number of trees required for the upcoming 
tree planting season.  Advance placement of tree 
orders in late summer or fall, four to six months 
prior to the planned planting date, will reserve the 
desired number and species of tree seedlings.  If 
large numbers of seedlings or uncommon species 
are needed, coordination with the nursery a year 
or more in advance may be required.   


 
Photo 1.  Many state and privately owned nurseries have 
increased production in response to recent demand for 
quality hardwood seedlings.  


 
Use of seedlings grown from seed collected from 
the same geographic region where they will be 
planted will increase the long-term reforestation 
success. Seed origin should be as close in latitude 
as possible to the planting site and within the 
same USDA Hardiness Zone (map available from 
http://www.usna.usda.gov/Hardzone/), while 
distance in an east-west direction is less important. 
The nursery manager should be able to provide 
information concerning seed origin.  
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Photo 2. Tree seedlings should be kept in cold storage with bags unopened until just prior to planting.  
Seedlings are separated carefully, roots are dipped in a hydrating gel, then immediately placed in a 
planting bag to reduce root drying.  


 
Site Preparation 
The FRA includes construction of a growth 
medium with favorable properties, placement and 
minimal grading of that material while avoiding 
compaction, and using tree-compatible ground 
cover (see Forestry Reclamation Advisory Nos. 2, 3 
& 6).  On active mines reclaimed using the FRA, 
additional site preparation will not be required 
and trees can be planted directly into the surface 
materials.  In areas of high soil compaction such as 
temporary roads or equipment work areas, or on 
mines that were reclaimed years ago using 
methods that compacted the soil, dozer ripping 
can be used to loosen soils (see Forest Reclamation 
Advisory No. 4). On older sites, thick and vigorous 
ground covers may be temporarily controlled by 
ripping, disking, or herbicide so that young tree 
seedlings have a better chance to compete. On 
active mines, seedlings are preferably planted 
before or closely following the ground cover 
seeding.   
 
Native hardwoods normally grow at a soil pH in 
the range of 4.5 to 7.0, with the 5.0-to-6.5 range 
preferred by most species.  Where reclamation has 
established mine soils favorable for trees, the site 
can be fertilized as recommended by Forest 
Reclamation Advisory No. 6.  Soil samples should 
be taken to a soil testing laboratory, that is 
experienced and capable of providing 
recommendations for mine soils; forestry should be 


identified as the land use to receive proper lime 
and fertilizer recommendations. Lime is generally 
not recommended on reforestation sites unless 
acid-producing materials are present and/or soil 
pH is below 5.0. Mine soils are commonly deficient 
in phosphorous (P), so fertilizer applied should 
include sufficient P to support the tree 
establishment and long-term growth;  but 
relatively low rates of nitrogen (N)  to avoid 
stimulating herbaceous competition that will 
depress planted seedlings’ survival and growth.  
 
Proper Handling and Storage of Seedlings 
Bare-root tree seedlings are lifted from the nursery 
after the seedlings enter winter dormancy.  
Depending on the nursery location, seedlings are 
generally available for distribution by late 
December  through the end of March.  Tree 
seedlings are living organisms, so limiting the level 
of stress between lifting and planting will increase 
the vigor and survival rate of planted seedlings.  
The nursery seedling bags should be inspected 
upon delivery; any holes should be mended with 
tape.  It is preferable to arrange with the nursery 
to lift and ship seedlings immediately prior to 
planting.  If seedlings arrive more than a day or 
two before they will be planted, the bags should 
be placed in regulated cold storage (33° to 40°F 
with humidity above 80%) until planting.  Seedling 
bags must be protected from freezing and should 
never be placed in direct sunlight. 
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If cold storage is not available, the seedling bags 
should be kept cool and moist, with temperature 
below 40 degrees F but above freezing. Higher 
temperatures may cause seedlings to break 
dormancy, increasing transpiration and drying out 
the roots.  Storage for more than 10 days is not 
recommended.  If seedlings must be stored for an 
extended period in cold storage, bags should be 
inspected at least once a week to check that roots 
appear wet.  Roots can be watered with a fine mist 
if needed, but standing water in the bottom of the 
bag should never be more than a half-inch deep.  
Any time the bag is opened it should be re-sealed 
with tape to prevent water loss.  Ensuring cool 
temperatures and moist roots will reduce losses 
during storage and after planting.     
 
Preparing Seedlings for Planting 
Again, cool temperatures and moist roots are the 
keys to success.  During transportation, tree 
seedlings should be left in the bags and protected 
from wind and sunlight in an enclosed vehicle or 
covered with a tarp.  While in the field, the nursery 
bags and planting bags should be covered with 
light reflecting tarps so they are not exposed to 
sun and wind.  Planting a mixture of tree species 
will require opening the individual nursery bags, 
separating the seedlings and mixing the various 
species together in the tree planting bags; this 
operation should be performed in the staging 
area, in the shade.   


Commercially available tree planting bags are 
designed for easy use and help to protect the 
seedling roots from drying.  Placing wet mulch in 
the planting bag, or dipping the seedling roots in a 
hydrating gel, can provide extra protection.  Mulch 
that is not saturated with water will wick moisture 
away from the roots.  If planting bags are not 
available 5 gallon plastic buckets, containing 1-2” 
of water and loosely covered with a plastic bag, 
can be used.   


Soil or hydrating gel clinging to the roots is 
beneficial and should not be shaken or rinsed off, 
so water should be added to the planting bags 
carefully.  Once the seedlings are placed in the 
planting bag they should be planted as soon as 
possible.  If the roots dry out for even a few 
minutes seedling mortality will increase 
significantly, so it is important to work quickly and 
keep the roots moist at all times.  Any seedlings 
that are not immediately used should remain in 
the nursery bag, with the bag tightly closed after 
adding a fine mist of water if necessary to keep the 
seedlings moist.  Unused bags should be returned 
to cold storage to reduce the chance of seedling 
damage. 


Some pruning of the root system occurs at the 
nursery while processing tree seedlings for 


distribution.  Because carbohydrates stored in the 
seedling’s roots are used for initial shoot 
development, no additional pruning of the roots in 
the field should occur.  Keeping as much of the 
root system intact as possible will increase both 
the initial survival rates and early growth rates of 
the planted seedlings.  The best way to plant a 
hardwood seedling with an extra-large root 
system is to dig a bigger hole. 
 
Planting Tree Seedlings 
Desirable planting dates in Appalachia range from 
December to mid-April depending on the latitude 
and elevation of the planting site (check with your 
State forestry department or consulting forester). 
Planting trees early in the planting season will 
allow development of the root system before the 
dryer weather arrives.  The best planting days are 
overcast with temperatures below 50 degrees F 
when the soil is moist but not frozen.   A staging 
area, protected from wind and direct sunlight, 
should be located on the planting site and used to 
distribute the seedlings from the nursery bags to 
the planting bags. 


Most reforestation plans prescribe the desired tree 
spacing.  However, if the spacing location falls in 
an area of heavy ground cover or surface rock, 
seedling survival will be increased by moving the 
planting spot a few feet to a place where ground 
cover or surface rock is less.  Common grid 
patterns for planting tree seedlings are listed in 
Table 1.  Since tree spacing depends largely on 
what is required for stocking by each state mining 
agency, mine operators should check the state 
regulations and revegetation plan in their permits 
for the required tree spacing and number of trees 
per acre.  Planting plans are often developed 
assuming that 70% of the planted seedlings will 
survive, although actual survival may be greater or 
less depending on soil conditions, weather, 
planting practices, and similar factors. 
 
 
Table 1.  Common grid patterns for planting tree 
seedlings: trees per acre planted and surviving 
assuming 70% survival rate.  


Trees per acre Spacing 
(feet) Planted Surviving @ 70% 
7 x 7 889 622 
7 x 8 778 544 
8 x 8 681 476 
8 x 9 605 423 
9 x 9 538 376 


9 x 10 484 338 
10 x 10 436 305 
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Figure 1. Four tree-planting tools that are used commonly on mine sites, from left to 
right: Hoedad, KBC planting bar, sharpshooter spade, and dibble bar.  


 
 
The most common tree planting tools on mine 
sites in Appalachia are the hoedad, the KBC 
planting bar, the sharpshooter spade and the 
dibble bar (Figure 1).  Most planting contractors 
prefer the hoedad because the wooden handle 
absorbs some of the impact shock encountered 
when planting in rocky soil, and it is easier to use 
on steep slopes.  Both the KBC planting bar and 
the sharpshooter spade have long pointed blades 
that can make a hole deep enough for 1-0 
hardwood seedling roots in rocky soils. The 
shorter, blunt dibble bar blade works better for 
planting pine seedlings with smaller root systems. 
Regardless of the tool, the planting procedure is 
basically the same.  The hardwood seedlings’ root 
system is generally larger than that of pine 
seedlings of the same age, so extra time may be 
required to make a hole to accommodate the 1-0 
hardwood roots. Generally, the planting hole 
should be vertical or near vertical so that planted 
seedlings can stand straight up when planted.  
 
Seedlings must be planted at the proper depth or 
initial survival and long-term growth will be 
compromised.  The seedling root collar is the 
transition zone between the root system and the 
stem (see Figure 4).  The hardwood seedling 
should be planted one to two inches below the 
top of the root collar, which will allow for some soil 
settlement without exposing the roots.   Care must 
be taken to ensure that all roots are pointing 
down and contained within the planting hole.  


When planting, remove one seedling at a time 
from the planting bag and do not hold more than 
one in your hand. Seedling roots should not be 
forced or twisted into the planting hole, as this 
practice will cause bent or broken roots and impair 
new root development, and may eventually cause 
the tree to die.  The tree seedling should be 
planted in a vertical position with the soil packed 
firmly around the roots so that all air pockets are 
removed and the entire root system is in contact 
with the soil.  On steep slopes, the hole may be 
oriented slightly away from the vertical position if 
necessary to ensure that the seedling will remain 
stable and roots can contact deeper soil layers. 
Keep all seedlings except the one being planted in 
the planting bag where they are protected from 
drying out. 
 
Test for secure planting by grabbing the seedling’s 
top shoot between two fingers and pulling up.  If 
the seedling is loose, place additional soil around 
the seedling and pack firmly (see Figures 2 and 3)  
 
Personnel from the mining firm should be present 
during the planting operation to ensure that 
seedlings are handled and planted using proper 
procedures. Close supervision of the planting crew 
and inspection of planted trees will help to control 
quality and provide consistent results.   
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Step 1:  Start by driving the hoedad into the soil to 
the depth necessary to accommodate the entire 
root system. 


 Step 2:  Pull the handle up to open the bottom of  
the hole, and then pull the handle toward you to 
open the top of the hole. 


   


 
 
 
 
 
 
 
 
 
 
 


  


Step 3:  Leave the hoedad blade in the ground and 
place the seedling in the hole 1-2 inches below the 
root collar, making sure that all roots are pointing 
down and contained within the planting hole.   


 Step 4:  Hold the seedling vertically, remove the 
hoedad and push the soil back into the hole with 
the hoedad blade.   


   


 
 
 
 
 
 
 
 
 
 
 


  


Step 5:  Pack the soil firmly around the tree 
seedling with your heel, to make sure that all air 
pockets are removed and the entire root system is 
in contact with the soil. 


 Step 6:  Test for secure planting by grabbing the 
top shoot between two fingers and pulling up.  If 
the seedling is loose, repeat step 5. 


 
Figure 2. Tree planting using a hoedad. 
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Step 1:  Drive the planting bar into the soil to the  
depth necessary to accommodate the entire root 
system. 


 Step 2:  Push the handle back and forth to open the 
hole. 


   


 
 
 
 
 
 
 
 
 
 
 


  


Step 3:  Remove the bar and place the seedling in 
the hole 1-2 inches below the root collar, making 
sure that all roots are pointing down and 
contained within the planting hole. 


 Step 4:  Drive the planting bar into the soil at an 
angle toward the bottom of the planting hole 
about 3-4 inches behind the seedling. Push 
planting bar back and forth to close the top and 
bottom of the planting hole making sure that all air 
pockets are removed and the entire root system is 
in contact with the soil. 


   


 
 
 
 
 
 
 
 
 
 
 


  


Step 5:  Remove the planting bar and fill the 
second hole with soil.  Step 6:  Test for secure planting by grabbing the 


top shoot between two fingers and pulling up.  If 
the seedling is loose, place additional soil around 
the seedling and pack with your heel. 


 
Figure 3. Tree planting using a KBC bar, sharp-shooter spade, or dibble bar. 
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Figure 4: (Lower right) A bare-root  hardwood tree seedling prior to planting. The “root collar” is an area where the 
stem meets the roots, and is thicker than the stem above. The seedling should be planted 1 or 2 inches below the 
root collar, well above the highest root. 


Photos 3-5: (Upper left) Tree seedlings should be 
planted by making a planting hole deep enough to 
accommodate the entire root system. (Upper right) The 
seedling is placed so that all roots are contained within 
the hole without forcing, bending or twisting the roots. 
(Lower left) The soil is packed firmly around the tree 
seedling’s roots, making sure that all air pockets are 
eliminated and the entire root system is in contact with 
the soil.  
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Post-Planting Care and Assessment 
Post-planting survival assessment is essential to 
any reforestation project. Mining firms should 
conduct a survival assessment during the second 
growing season, before leaf fall.  If survival 
appears adequate for eventual performance bond 
release, no further action is required.  The vast 
majority of planted trees that live into the second 
growing season can be expected to survive for the 
long term.  If survival is not adequate, 
arrangements should be made for replanting 
during the upcoming winter season. On active 
mines, prompt identification and remediation of 
survival problems can help to achieve prompt 
bond release.  Experience has shown that when 
FRA reclamation and reforestation procedures are 
fully employed, replanting is rarely needed. 
 
Research has shown that hardwood tree survival 
in the range of 70-80% can usually be achieved 
when the FRA is fully implemented.  In the first 
year after planting, most hardwood species invest 
the majority of their energy in the development of 
the root system and do not show exceptional 
shoot growth.  During times of extreme drought or 
stress hardwood seedlings may shed leaves and 
appear dead, but the following spring new shoots 
can sprout from living roots.  During the third 
growing season, after roots are established, the 
shoot growth will begin to accelerate and the 
development of a healthy and productive forest 
begins. 
 
Conclusion 
Most coal-bearing lands in the Appalachian region 
were forested prior to mining. As a result of 
research and recent changes in regulatory policy, 
many surface coal mines are now being restored to 
native forest after mining using the Forestry 
Reclamation Approach.  A critical component of 
the FRA is step 5, “Use proper tree planting 
techniques.” This bulletin provides guidance for 
successful tree planting on surface coal mine sites 
that are establishing forested post-mining land 
uses.   
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THE FORESTRY RECLAMATION APPROACH 
Jim Burger1, Don Graves2, Patrick Angel3, Vic Davis4, Carl Zipper5 


 
 


The Forestry Reclamation Approach (FRA) is a 
method for reclaiming coal-mined land to forest 
under the Surface Mining Control and Reclamation 
Act (SMCRA). The FRA is based on knowledge 
gained from both scientific research and 
experience (Photo 1). The FRA can achieve cost-
effective regulatory compliance for coal operators 
while creating productive forests that generate 
value for their owners and provide watershed 
protection, wildlife habitat, and other 
environmental services.  
 
The purpose of this Advisory is to describe the 
FRA, which is considered by state mining agencies 
and US Office of Surface Mining to be an 
appropriate and desirable method for reclaiming 
coal-mined land to support forested land uses 
under SMCRA (Angel and others, 2005). The FRA is 
also supported by members of the ARRI’s academic 
team, which is drawn from Universities in nine 
states, and by other groups and agencies. 
 
The FRA’s Five Steps 
 


The FRA can be summarized in five steps: 


1. Create a suitable rooting medium for good tree 
growth that is no less than 4 feet deep and 
comprised of topsoil, weathered sandstone 
and/or the best available material. 


2. Loosely grade the topsoil or topsoil substitute 
established in step one to create a non-
compacted growth medium. 


3. Use ground covers that are compatible with 
growing trees. 


4. Plant two types of trees--early successional 
species for wildlife and soil stability, and 
commercially valuable crop trees. 


5. Use proper tree planting techniques. 


Step 1. Create a suitable rooting medium: 
Tree survival and growth can be hindered by 
highly alkaline or acidic soils. During mining and 
reclamation, all highly alkaline materials with 
excessive soluble salts and all highly acidic or toxic  
material should be covered with a suitable rooting 
medium that will support trees. The best available  


Photo 1. A white oak stand that grew on a pre-SMCRA 
surface mine in southern Illinois. Observations by 
reclamation scientists and practitioners of soil and site 
conditions on reclaimed mines such as this, where 
reforestation was successful, have contributed to 
development of the Forestry Reclamation Approach. 
 


 
 
growth medium should be placed on the surface 
to a depth of at least four feet to accommodate the 
needs of deeply rooted trees. 
 


Growth media with low to moderate levels of 
soluble salts, equilibrium pH of 5.0 to 7.0, low 
pyritic sulfur content, and textures conducive to 
proper drainage are preferred. However, where 
such materials are not available, an equilibrium pH 
as low as 4.5 or as high as 7.5 is acceptable if tree 
species tolerant of those conditions are used.  
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Photo 2.  A mixture of brown weathered and gray 
sandstones , loosely graded to form a soil medium 
suitable for trees in West Virginia.   
 


 
 
Native hardwood diversity and productivity will be 
best on soils where the pH is between 5 and 7, and 
such trees generally grow best in soils with loamy 
textures, especially sandy loams. Such soils can be 
formed from overburden materials comprised 
predominantly of weathered brown and/or 
unweathered gray sandstones, especially if these 
materials are mixed with natural soils (Photo 2). 
Use of materials with soluble salt levels lower than 
1.0 mmhos/cm on the surface is preferred when 
such materials are available. 


Step 2. Loosely grade the topsoil or topsoil 
substitutes: 
Excessive soil compaction can have a major 
negative effect on survival and growth of trees. 
(Photo 3). Even if a soil’s chemical properties are 
ideal, excessive compaction will create a soil that is 
poorly suited for trees. The majority of the backfill 
should be placed and compacted using standard 
engineering practices – but not the final surface.  
That surface layer, which will form the postmining  
forest’s soil, should be at least four feet deep and 
only lightly graded. Surface grading on longer and 


steeper slopes should be minimized, provided that 
doing so does not jeopardize stability.  


To re-establish a healthy and productive forest 
after mining, final grading must minimize surface 
compaction. This can be achieved by: 
• dumping and leveling in separate operations,  
• leveling with the lightest equipment available, 


using the fewest passes possible, and during 
dry conditions, and  


• permanently removing all equipment from an 
area after leveling.  


“Tracking in” operations (Photo 4) compact the soil 
and hinder tree-growth, and should be avoided 
unless necessary for slope stability.  Rubber tired 
equipment  should not be used in final grading.  
 
Step 3. Use ground covers that are compatible 
with growing trees. 
Ground-cover vegetation used in reforestation 
requires a balance between erosion control and 
competition for the light, water and space 
required by trees. Ground covers should include 
grasses and legumes that are slow-growing, have 
sprawling growth forms, and are tolerant of a 
wide range of soil conditions. Fast growing and 
competitive grasses such as Kentucky-31 tall 
fescue and aggressive legumes such as sericea 
lespedeza and crown vetch should not be used 
where trees will be planted. Slower-growing 
grasses such as red top and perennial ryegrass, 
and legumes such as birdsfoot trefoil and white 
clover, when used in a mix with other appropriate 
species will increase seedling survival while 
controlling erosion over the longer term as the 
trees and accompanying vegetation mature to 
form a forest. Fertilizer rates should be low in 
nitrogen, relative to rates commonly used to 
establish pastures, so as to discourage heavy 
ground cover growth while applying sufficient 
rates of phosphorus and potassium for optimal 
tree growth.   


 
 
Photo 3. Mine soil properties can have a dramatic effect on tree growth. The Eastern white pines in both photos 
were the same age (8 years old) when the photos were taken; the pines in the left-hand photo grew on a compacted 
alkaline shales, while those on the right grew on a moderately acid sandstone. 
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Photo 4. Soil compaction due to equipment operation 
on mine soils hinders survival and growth of planted 
trees. “Tracking in” operations, such as those shown in 
the photo, are NOT recommended for mine sites on 
which trees will be planted, unless required to stabilize 
steep slopes. 
 


 
 
Step 4. Plant the right mix of tree species 
To produce a valuable forest that supports multiple 
uses, plant a mix of native timber species as crop 
trees. Such species include those that are 
compatible with the landowner’s postmining 
forest-management goals, have the potential to 
grow into healthy trees where they are planted, 
and are found in the local area’s mature forests. 
Depending on local conditions, such species can 
include the oaks, black cherry, sugar maple, white 
ash, and/or other species.  Reforestation experts 
recommend that about 1/5 of the seedlings 
planted should be a mix of species able to survive 
in the open conditions commonly found on newly 
reclaimed sites and that support wildlife and soil 
improvement.  Such species might include bristly 
locust, redbud, dogwood and crab apple, again 
depending on which are known to do well under 
local conditions. The species selected should be 
mixed as they are planted over the site, not 
planted separately as single-species blocks. When 
all FRA steps are used, additional native species 
with seeds that can be carried by wildlife or wind 
will volunteer and establish on their own, leading 
to a species mix similar to the surrounding native 
forests. Mine operators should work with the State 
Regulatory Authority to develop reforestation 
plans that meet State requirements.   
 


Step 5. Use proper tree planting techniques: 
Poor tree survival is often due to improper seedling 
handling or planting. Tree seedlings should never 
be allowed to dry out during storage and handling 
prior to planting, and should be kept dormant 
until planted. Seedlngs should be kept cool, but 
should not be allowed to freeze, and should be 
protected from direct sunlight and high 
temperatures prior to planting. The seedlings 
should be planted in late winter to early spring at 
the proper depth and firmly enough to ensure 
survival (Photo 5). Reputable and experienced  
crews are recommended for broad-scale, 
operational tree planting. 


These five steps have been studied and field tested 
by ARRI Academic Team members from several of 
the universities contributing to this advisory 
(Photo 6), and plantings on active mine sites by 
coal mining firms using these techniques have 
been successful.  ARRI members have determined 
that these steps can be implemented under 
current Federal and State regulations. We expect 
to provide additional information on each of these 
5 steps in future Forest Reclamation Advisories.  
 
The FRA is intended to be compatible with the 
mine-operator goal of cost-effective regulatory 
compliance. Avoidance of soil compaction requires 
that leveling and grading operations be 
minimized, which helps the operator control 
equipment operation costs. The species 
recommended for forest-compatible ground covers 
are widely available for reasonable costs, and are 
best seeded with fertilization rates lower than 
those used commonly for grassland establishment.  
 
Selection of surface materials with chemical and 
physical properties suitable for trees and successful 
establishment of less-competitive groundcovers 
will increase survival of planted seedlings while 
allowing for invasion by native tree species from 
the surrounding forest. Avoidance of soil 
compaction will make it easier for tree planters to 
plant seedlings firmly and at the proper depth, 
thereby increasing survival rates.  
 
Photo 5. Planting a seedling at the White Oak 
reforestation project in Tennessee. Because the soil has 
not been compacted, a planting hole of the correct 
depth for the seedling can be opened easily. The 
seedling is being planted while still dormant, during the 
late winter season. 
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Photo 6. An emerging hardwood forest established on 
an active mine in Virginia as a demonstration of the 
Forestry Reclamation Approach.  
 


 
 
How Does the FRA Improve Value, 
Diversity, and Succession of Reclaimed 
Forests? 
 


The FRA is designed to restore forest land 
capability. When these five steps are followed, 
forest land productivity equal to or better than 
that which preceded mining can be restored. 
Furthermore, the FRA accelerates the natural 
process of forest development by creating 
conditions similar to those of natural soils where 
native forests thrive. By limiting compaction 
during reclamation, the growth medium becomes 
deep and loose, similar to the best forest soils. 
Temporary erosion-control ground covers are 
selected to allow native herbaceous and woody 
plants to seed-in, emerge, and grow. The ground 
cover species are meant to be sparse and slow 
growing in the months after seeding, after which 
they will yield to a more diverse species mix that 
will control erosion and will be self-sustaining as 
required by SMCRA. Over the longer term, the 
herbaceous groundcover will yield to native forest 
through the process of natural succession.  
 


Natural succession is further accelerated by 
planting late-successional, heavy-seeded species 
such as the oaks, which are not dispersed from the 
native forest easily by wind and wildlife. Planting 
these heavy-seeded species puts them on site right 
away, allowing them to emerge with other species 
that can seed in on their own (Photo 7). When a 
good growth medium is established, as outlined in 
Steps 1 and 2 of the FRA, late-successional plants 
will thrive, especially when native soil is used or 
mixed with the suitable overburden materials. 
When native forest soils are used as a part of the 
growth medium, native vegetation establishment 
will be accelerated due to vegetation that sprouts 
from those seeds of forest understory and tree 


species that remain viable.  Overall, such 
reclamation practices create a diverse and valuable 
forest of native trees that produces wood products 
and habitat for wildlife. 
 


The FRA does not preclude mine operators from 
establishing tree crops such as biomass 
plantations, Christmas trees, or nut orchards, if 
such reclamation satisfies permit requirements and 
meets landowner goals. In such cases, all of the 
above steps apply except that a tree crop is 
planted instead of a native hardwood mix. Tree 
crops will benefit from FRA reclamation.    
 
Faculty and researchers from the following 
universities and organizations contributed to this 
publication: Ohio State University, Pennsylvania 
State University, Purdue University, Southern 
Illinois University, University of Kentucky, 
University of Maryland, University of Tennessee, 
Virginia Polytechnic Institute and State University, 
West Virginia University, and  United States Forest 
Service (retiree).  
 
Photo 7. Red oaks established on the Starfire mine in 
eastern Kentucky using the Forestry Reclamation 
Approach. 
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MINE RECLAMATION PRACTICES TO ENHANCE FOREST DEVELOPMENT 
THROUGH NATURAL SUCCESSION  


J. Groninger, J. Skousen, P. Angel, C. Barton, J. Burger, C. Zipper  
 
Succession is a term used to describe natural changes in 
plant community composition over time. In the forested 
Appalachian region, disturbances from storms, fire, 
logging, or mining can disrupt or destroy established 
forests.  Natural processes that lead to restoration of the 
forest vegetation after such a disturbance usually begin 
quickly and result in development of another forest.   On 
former mine sites, the quality of that forest and the 
speed with which it develops depend upon the 
conditions created by the mining and reclamation 
process (see Photo 1).  
 
Conventional surface mine reclamation as practiced 
from the late 1970’s to the present commonly featured 
smooth grading of topsoil or topsoil substitute material  


followed by establishment of grasses and legumes that 
grow rapidly to form a thick groundcover.  These 
compacted mine soils and competitive grasses hinder 
tree establishment and growth and delay the process of 
succession to forest cover.  


In contrast, reclamation practices known as the Forestry 
Reclamation Approach (FRA) are intended to encourage 
succession in a manner that helps the mine operator 
satisfy regulatory requirements cost effectively and 
achieve prompt bond release (See Box 1). 


This advisory describes the ways in which reclamation 
methods can encourage rapid succession and accelerate 
development of high quality postmining forests. 


 
 
Photo 1. Succession and invasion of native species over 47 years formed a forest on this mine site in eastern Tennessee.  
This site was mined and reforested with various pine species and black locust in 1959 on un-compacted spoil with no 
planted ground cover.  Succession has occurred over the years and the pine forest has been replaced with vegetation 
similar to the nearby native forest: yellow-poplar dominant in the overstory, red maple, sassafrass and northern red oak in 
the mid-story, and blueberries, ground pine, Virginia creeper and ferns in the understory (photo by Vic Davis) 
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Box 1. Can the Forestry Reclamation Approach Achieve the Rapid Succession of Natural Forests? 
 
 


After harvest in natural forests, most regenerating 
hardwood trees grow as sprouts from well-established 
root systems.  This type of regrowth cannot occur on 
reclaimed mines because those rooting systems have 
been removed. Unless native forest soils are used in 
reclamation, mine sites lack the seed and bud banks (live 
seeds on or in the forest floor and buds that can produce 
sprouts) of native forests so the vegetation immediately 
following reclamation is unlikely to be as diverse.  
 


 
Photo 2. On this eight year old mine site in Perry County, 
Kentucky the following species of trees were planted: white 
oak, white ash, eastern white pine, northern red oak, black 
walnut, and yellow poplar.  The high-quality growth medium 
on this site (loose-dumped, uncompacted mine spoils) allowed 
planted seedlings to achieve greater survival and faster growth 
while allowing more invasion by non-planted forest species, 
compared to an adjacent mine site that was graded using 
conventional practices (Angel 2006) (Photo by Mike Hiscar). 
 
In some cases, mine sites that have been reclaimed using 
FRA (see Burger 2005) will undergo succession more 
rapidly than natural forest sites after timber harvest.  
The canopy of trees established on an ungraded eastern 
Kentucky mine site (see Photo 2) experienced closure 
about seven years after an initial planting at 6 x 6 foot 
spacing.  The dense planting of early- and later-  
successional tree species kept competing weeds at a 
 


minimum, which allowed rapid invasion by 27 forest 
tree species that were growing nearby. In addition, the 
number of naturally invading forest species (trees and 
other vegetation types) was 10 times greater on loose-
dumped spoils than on those spoils that were graded 
using conventional reclamation practices (see Figure 1).   
 
As the FRA is used on more reclaimed mines, researchers 
will have the opportunity to improve this technique and 
further increase the value of reclaimed lands for future 
generations. 
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Figure 1. Naturally seeded forest species after eight years in 
loose dumped, rough graded, and conventionally graded areas 
of the Perry County, Kentucky, surface mine pictured in Photo 
2.  The loose dumped spoils allowed natural succession to 
occur, as noted by a higher number of invading stems per acre 
compared to the conventionally graded spoil. Succession 
occurred most rapidly in the loose-dumped spoil where canopy 
occupied more than half the area.  In contrast, canopy cover 
was only 5% percent in the “Conventional Grade" areas of the 
mine site (Data from Cook, 2007).  
 
 
 


 


 
Succession: From bare ground to forest 
When land is disturbed in a manner that removes all 
vegetation, including seeds and plant material capable 
of resprouting, and nothing is done to revegetate, 
succession occurs slowly. At first, “pioneer” plant  species 
including grasses, other herbs such as goldenrods and 
ragweed, vines, and shrubs such as raspberry and 
blackberry invade and dominate the site.  Depending on 
soil and site conditions, this plant community type may 
continue to dominate for many years, or it may be 
replaced within several years by other kinds of plant 
communities, including forest trees.      


When soil and vegetation conditions are favorable for 
trees, fast-growing short-lived (early-successional) trees 


like black locust, sassafras, Virginia pine, and hawthorn 
overgrow the shrubs. In time, these early-successional 
trees make the site more habitable for slower-growing 
but longer-lived (later-successional) trees like oaks, 
hickories, cherry, sugar maple, and ash. As succession 
proceeds, the open spaces between trees continue to 
decrease.  When the tree tops (or canopy) of the 
emerging forest grow together so that very little light 
reaches the ground, a phase of succession called canopy 
closure occurs, often 15 to 20 years after the initial 
disturbance. After canopy closure, lower-growing 
vegetation beneath the forest canopy (called the 
understory) declines as a response to decreased sunlight 
until another disturbance opens up the forest. 
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How long does it take for a forest to mature? 


When succession occurs under good conditions, some 
fast-growing timber trees may grow to a size that can be 
harvested as soon as 30 to 40 years following 
disturbance, while slower-growing hardwoods may 
require 50-60 years or longer (see photo 3).  


Other sites may still be in the grass-herb-shrub stage 
with only scattered trees for several decades after a 
disturbance because soil conditions are not suitable or 
the understory vegetation is too competitive for tree 
recruitment.  This is called “arrested succession,” which is 
a failure of later-successional species to invade and 
eventually dominate a site (see Box 2). Arrested 
succession also occurs in areas where high deer or 
rodent populations consume or destroy tree seedlings.    


What factors affect succession on a mine site? 


Rooting medium quality:  If soil replacement results in a 
rooting medium that is shallow or has been compacted, 
the site will be prone to drought and plant nutrition 
problems. Mine soil pH that is too high (pH>7) or too low 
(pH<5) and mine soils that have high levels of soluble 
salts can also cause plant nutrition problems.  Seeds of 
unplanted forest species that are carried to the mine site 
by wind or wildlife will not germinate and grow if the 
soil surface is compacted or has chemical properties that 
are not well suited to their needs. Those grass and shrub 
species that are able to establish and grow on such soils 
will dominate on such sites, and forest succession will 
progress slowly.  In contrast, a deep and loose growth 
medium that contains plant nutrients encourages 
invasion and canopy development by species from the 
native forest. These soil properties promote a diversity of 
trees and other vegetation and are productive for timber 
and wildlife.  


 
 
Photo 3. These 55-year-old black walnut trees were planted and 
grew on spoil banks in Pike County, Indiana (Photo by R. 
Rathfon). 


 


Box 2: “Arrested Succession”  
 
 


 
 
Photo 4. Black locust and grass vegetation were planted on this 
Garrett County, Maryland, coal surface mine in 1990. As a 
result, the development of natural forest community through 
natural succession has been delayed, a condition knows as 
“arrested succession.”  (Photo by Mike Hiscar, 2006). 
 


A condition known as “arrested succession” -- a failure of 
later-successional species to colonize a site – can occur 
after reclamation if principles of natural succession are 
ignored (see Photo 4).  
 
For decades, a common reclamation practice consisted 
of seeding fast-growing grasses such as tall fescue and 
sericea lespedeza to rapidly revegetate mine sites. Often, 
black locust seed was added to the ground cover 
seeding mix.  This practice produced thick vegetation 
that easily satisfied bond release requirements of those 
times.  But within 10 years after planting, most black 
locust trees become infested by a tiny insect known as 
the locust borer which causes them to lose vigor, and 
they break down to a shrub-like form.  Because the black 
locust trees’ sparse canopy and nitrogen-fixing 
capability allows the groundcover grasses to persist, the 
thick herbaceous cover under the black locust remains 
intact, preventing the invasion of other trees and forest 
vegetation. Because other native tree species are not 
present to replace the black locust, tall fescue and 
companion species such as sericea lespedeza can 
dominate such sites for decades.  
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Groundcover vegetation:  Where tall, aggressive grasses 
are established on the site through reclamation, or 
where herbs, shrubs, and vines become established in 
dense thickets, new tree establishment is hindered and   
young trees become stunted.  Because a sparser 
groundcover allows sunlight to reach the soil surface, 
planted seedlings can grow and seeds from the 
surrounding area carried in by wind and wildlife can 
become established more easily. Tall, thick groundcovers 
also remove water and nutrients from the soil rapidly, 
leaving fewer of these essential resources for the slower-
growing trees.  These groundcovers also attract deer, 
which can consume the tree seedlings, and they provide 
cover for small rodents which can gnaw on planted 
seedlings. 
 


A mixture of tree species:  Natural forests in the 
Appalachians consist of a mixture of tree species.  Some 
become dominant soon after disturbance and play an 
important role in establishing the full range of forest 
plant species.  In time, these typically short-lived species 
die, decline, or are harvested as the longer-lived tree 
species take over.  A mature, closed forest canopy then 
results.  Mine operators can shorten the time it takes 
nature to produce a valuable forest by preparing the site  
with loose, good quality mine soils that encourage 


establishment of volunteer early-successional species, 
and by planting a mixture of early- and  later-
successional tree species.  
 


• Early-successional trees are fast growing species such 
as pines, sweet birch, sourwood, red maple, and  
bigtooth aspen that provide habitat for birds and 
other seed-moving animals and help suppress 
grasses, allowing native forest plant species to 
become established.  Early successional species such 
as dogwoods and redbud produce fruit and may 
further contribute to forest development by 
attracting seed-carrying birds and other wildlife.  


  


• Later-successional tree species are those which 
typically dominate a site later in the natural 
succession process. These include many of the 
commercially valuable hardwoods – such as the 
oaks, hickories, walnut, and cherry -- that are 
characteristic of mature Appalachian and 
Midwestern forests. Many of these species have 
relatively large and heavy seeds that are not moved 
quickly over long distances by natural forces.  
Planting later-successional species on a mine site can 
help these species become established more rapidly 
than occurs through unassisted natural succession.  


 
 


Box 3. Making post-reclamation vegetation more diverse 
 


Natural Appalachian forests contain hundreds of plant 
species.  Replacing all of these species through re-
planting and seeding is virtually impossible.  Natural 
colonization and replacing topsoils are two mechanisms 
that can increase plant diversity of reclaimed sites. 
 
Reclaimed mine sites are naturally colonized by 
native vegetation 
In Virginia, researchers studied vegetation change on 
mine sites over time (Holl 2001, 2002). In 1992, and 
then again in 1999, they documented the species 
present on mine sites of three different age classes -- 
reclaimed in 1967-1972, 1972-1977, and 1980-1987 
using techniques typical for those times -- and in the 
adjacent natural forests. Succession was clearly evident 
because many more species were present on reclaimed 
sites than had been originally planted, and many of the 
unplanted species also occurred in the adjacent forests. 
    
However, natural succession occurs slowly when 
conventional reclamation practices are applied. On the 
1972-77 sites which had been reclaimed with aggressive 
groundcovers, grass-like herbaceous vegetation was still 
dominant 15 to 20 years after the initial reclamation. By 
1999, the herbaceous cover was finally beginning to 
yield to those woody species with small seeds that can 
be carried by wind and birds, including red maple and 
sweet birch.  While most native forest species were 
present, some understory species such as trillium, 
wintergreen, and serviceberry were not found on any of 
the reclaimed mines, even by 1999 despite the fact that 
most of these small contour mine sites were located 
within a few hundred yards from undisturbed forest.   
 
 


 
 


Accelerating succession by spreading forest soils 
In some areas, soils salvaged from the pre-mining forest 
floor can be recycled to produce a plant-growth medium 
after mining.  In these cases, seeds or roots contained in 
the soil can sprout, establishing species not typically 
spread by wind or wildlife or where potential seed 
sources are far away (Wade 1994). For example, at a 
mine site in Kentucky that was reclaimed using topsoils 
reclaimed from the adjacent natural forest, 63 species 
from the natural forest donor site were found on the 
reclaimed mine site within one year after the soils were 
spread (Hall 2007).  Some important points must be 
considered when implementing this treatment: 


• Native forest soil aids succession most effectively 
when moved directly from the mining area to the 
reclamation area. Soil storage prior to re-spreading 
causes seeds and roots to lose viability, with longer 
storage periods causing greater losses.  


• Fast growing agricultural grasses and legumes are 
incompatible with most native forest vegetation. As 
a result, spreading native topsoil is most effective as 
a reforestation practice when other groundcovers,  
especially agricultural grasses and legumes, are not 
seeded,  


• Moved topsoil must be free of invasive plant species 
such as multiflora rose, oriental bittersweet and 
Japanese honeysuckle for this treatment to provide a 
long-term benefit to forest development.  Careful 
inspection of the source site prior to mining and 
keeping soil moving machinery clean are precautions 
needed to prevent spread of these species through 
topsoil replacement.  Spreading soils from areas with 
undesirable species during reclamation can lead to 
establishment of those species on the mine site, 
causing arrested succession.    
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To maximize forest value where reclamation has 
produced soil, groundcover vegetation, and other 
conditions favorable to reforestation (FRA conditions), 
planted trees should be compatible for growth in mixed 
stands.  High value later-successional species capable of 
living for at least several decades should be favored for 
planting.  On such productive sites, early-successional 
trees and shrubs should only be planted in significant 
numbers if they will help improve the growth and value, 
and further aid the colonization of longer-lived and 
more valuable trees. 
    
Other soil and site factors will also influence the speed 
of natural succession on mine sites. For example, use of 
excavated soils that contain living seeds and roots from 
the native forest in reclamation areas can accelerate 
natural succession. Mined areas that are close to 
unmined native forest will be colonized by native forest 
species more rapidly than sites further from unmined 
forests (see Box 3). 
 


What reclamation practices aid establishment 
of forest by accelerating natural succession? 
Reforestation researchers have developed the Forestry 
Reclamation Approach (FRA) that, when implemented 
properly, can accelerate natural succession on reclaimed 
mine sites, aiding formation of healthy, diverse 
hardwood forests (see Burger and others 2005).  The 
FRA can be summarized in five steps: 
 
1. Create a suitable rooting medium for good tree 


growth that is no less than 4 feet deep and com-
prised of topsoil, weathered sandstone, and/or the 
best available material. 


2. Loosely grade the topsoil or topsoil substitute es-
tablished in step one to create a non-compacted 
growth medium. 


3. Use ground covers that are compatible with grow-
ing trees. 


4. Plant two types of trees—early-successional species 
for wildlife and soil stability, and commercially 
valuable crop trees.  


5. Use proper tree planting techniques. 


The FRA accelerates natural succession by creating 
conditions similar to those where native forests thrive.  
 


Conclusion 
Landowners and mine operators are increasingly 
choosing forest as the postmining land use. Compared 
to conventional reclamation practices, reclamation using 
the Forestry Reclamation Approach (FRA) allows more 
planted seedlings to survive and more species from the 
surrounding forest to invade the reclaimed mine site. 
Agencies in the ARRI States allow both planted trees 
that survive and invading trees that are compatible with 
the postmining land use to be counted toward the tree-
stocking standard for reclamation success. Reclamation 
practices that encourage natural succession can help 
mine operators meet regulatory requirements and 
achieve prompt bond release while restoring native 
forests.   
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LOW COMPACTION GRADING TO ENHANCE REFORESTATION  
SUCCESS ON COAL SURFACE MINES 


R. Sweigard, J. Burger, C. Zipper, J. Skousen, C. Barton, P. Angel 
 


This advisory describes final-grading techniques for 
reclaiming coal-surface mines to forest postmining 
land uses. Final grading that leaves a loose soil and 
a rough surface increases survival of planted 
seedlings and forest productivity.  Such practices 
are often less costly than traditional "smooth 
grading" while meeting Surface Mining Control and 
Reclamation Act (SMCRA) requirements. 
 
Low Compaction Grading is Smart Reclamation 
Avoiding compaction during reclamation to forest 
makes good economic sense.  It costs money to 
operate a dozer.  Smooth surfaces do not 
contribute to postmining land use success and are 
not required under SMCRA. Therefore, grading 
with multiple passes to create smooth surfaces on 
reforestation sites is an unnecessary expense. The 
practice of covering the land surface with dozer 
track and cleat marks – often called “walking in” or 
“tracking in” – is also unnecessary and hinders 
reforestation success. 
  
Leaving surface soils loose and uncompacted helps 
planted trees survive and grow: 


• By helping planters get trees planted correctly: 
The planting hole must be large enough to hold 
the entire root system without requiring planters 
to bend or fold the roots. Generally, planting 
holes should be at least 8 to 10 inches deep. 
Planters will usually insert the planting tool to 
open the hole just one time. A seedling whose 
roots have been chopped short or folded to fit a 
shallow hole will be less likely to survive than a 
seedling that has been planted correctly with a 
full root system in an adequate hole. Leaving the 
soil loose makes it easier for the planters to get 
the tree’s roots into the ground correctly. 


• By allowing rain water to infiltrate the soil: Soil 
surfaces that are loosely graded with rough 
configurations, or are left ungraded, allow more 
water to infiltrate than the smooth, tight surfaces 
produced by conventional grading.  Increased 
infiltration means more water is available in the 
soil for the planted trees. 


• By allowing the soil to hold more water and air: 
Spaces between soil particles hold and store 
water and air. Soil compaction compresses soil 
particles close together, making those spaces 
smaller. Thus, compacted soils will provide less 
water to growing trees between rains, and will be 
less able to provide the air exchange that is 
needed by tree roots and soil organisms. 


• By allowing roots to grow more freely: The tree's 
roots are essential to its survival and growth. A 
loose, uncompacted soil allows roots to grow 
freely while compacted soils limit root growth. A 
tree with a larger root mass will access a larger 
soil volume for water and nutrients, will have a 
greater chance of survival in the short run, and 
will grow bigger and faster in the long run.   


Many scientific studies have found that soil 
compaction hinders survival and growth of planted 
trees. In eastern Kentucky, Torbert and Burger 
(1992) found that reducing soil compaction 
increased survival and growth of hardwood species 
and reduced soil erosion. Jones (2005) found that 
soil density on Virginia and West Virginia mine sites 
had a greater effect on white pine growth than any 
other measured soil property. Seedlings planted in 
loosely graded experimental plots on eastern 
Kentucky’s Starfire mine demonstrated excellent 
survival and growth, relative to trees planted in 
conventionally graded plots (Angel 2006). Emerson 
and Skousen (2006) reported greater than 80% 
survival of hardwood trees planted into end-
dumped spoils that were graded with only one or 
two passes in southern West Virginia.  Rodrigue 
and Burger (2004) found that pre-SMCRA mine soils 
with favorable chemical properties made excellent 
forest sites for both hardwoods and softwoods – 
but only if left loose and uncompacted. Many other 
studies have had similar findings. 
 


Low Compaction Grading Practices  
The Forestry Reclamation Approach (FRA) is a way 
of reclaiming active surface mines to maximize 
reforestation success (see Burger 2005); Step 2 of 
the FRA is to “Loosely grade the topsoil or topsoil 
substitutes … to create a non-compacted growth 
medium.” This practice can be used on any type of 
surface mine.    
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Photo 1. Loose dumping a topsoil substitute over a 
compacted subsurface on a West Virginia surface mine. 
The topsoil substitute material is being dumped in closely 
spaced piles and will be graded using only a single dozer 
pass. The final surface will be revegetated with a tree-
compatible groundcover and trees will be planted in the 
loose topsoil substitute materials.  
 
Flat and Gently Rolling Surfaces on Mountaintop, 
Area, and Contour Mines  
On surface mines where the final configuration will 
be flat or gently rolling, the subsurface backfill 
should be placed using standard practices – 
whatever is required by the permit, including any 
compaction necessary for stability.  However, when 
the postmining land use is forest, the surface 
material should be at least four feet deep and only 
lightly graded, if at all.  To accomplish this where 
trucks are used to deliver the surface material, a 
process called "end-dumping," "tail-dumping," or 
"loose-dumping" is used (see Photo 1). The trucks 
dump the surface material into tightly-spaced piles 
that abut one another across the reclamation area.  
Then, a light dozer can grade the spoil piles and 
level the area with one or, at most, two passes (see 
Diagram 1).  When this practice is used, it is 
essential that the piles be dumped close together 
so that the final surface thickness is 4 feet or more. 
 
Leveling of the loose-dumped materials should be 
done with the lightest equipment available and 
using the fewest passes possible. If possible, 
grading should be done with just one pass of a low 
ground pressure (LGP) dozer. Equipment with 
rubber tires should not be used for final grading 
since rubber-tired equipment concentrates its 
weight on a smaller “footprint” and creates more 
surface compaction than tracked equipment.   


 
 
 
 
 
 
 
 
 
 
 
 
 


Diagram 1. End-dumping and final grading on a truck-
and-haul surface mine. Subsurface materials have been 
placed as described in the permit and have been 
compacted by equipment operations. Surface materials 
are dumped over the compacted subsurface to a depth of 
4 to 6 feet (upper) and are graded only lightly so that 
they remain loose and uncompacted (lower).  
 
Photo 2 shows an example of loose-dumped 
surface materials. Grading of these materials with a 
single pass of a track dozer during dry conditions 
would create soil conditions suitable for trees. 
Depending on State program policies and on 
material properties, it may be possible to plant trees 
in loose-dumped spoils such as those in the photo 
with no further grading or leveling, especially if the 
material will drain water easily and weather to 
create a more level surface over time. If such piles 
are left on a sloped area, placing them in an 
alternating pattern that does not create linear 
downward channels can help prevent erosion. 
 


 
 


Photo 2. Loose-dumped soils on the surface at an Ohio 
mine site.  
 
Where a dragline is used, the spoil material can be 
cast and shaped in a manner that reduces the 
amount of final grading needed by tracked 
equipment.  As with end-dumping, the final surface 
should be placed in piles or ridges that tightly abut 
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Compacted
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Compacted


Compacted
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one another across the entire area. The spoil 
material is then graded with, at most, one or two 
passes (Diagram 2).  
 


 
 


Diagram 2. Final grading on spoils placed by a dragline 
on a mountaintop or area mine. 
 
Another method of moving spoils to create a final 
surface suitable for trees is called “Dozer Push-Up” 
(Diagram 3). This method can be used where spoils 
are moved only a short distance, so that the dozer 
is a more cost-effective way of moving the material 
than hauling in trucks. The materials are pushed 
into long parallel ridges and are kept loose during 
each push.  The dozer starts on one edge of an area 
with the material and pushes the first pile of the 
first ridge into place and then backs up and moves 
over one blade width to push the next pile of the 
first ridge into place.  Then the dozer returns to the 
starting edge and repeats the process for the next 
ridge.  When viewed from above, the final grade 
surface looks like an old-fashioned washboard.  In 
some situations and depending on State program 
policies, mine operators may have the option of 
leaving the dozer push-up ridges as the final 
surface that is used for tree planting; otherwise, the 
surface should be struck off using a light dozer 
under dry conditions with only one or two passes, 
leaving a minimum material depth of at least 4 feet. 
 
 
 


 
 


Diagram 3: The “Dozer Push-Up” method can be used to 
prepare uncompacted surfaces that are suitable for 
reforestation where materials for surface placement are 
moved over a short distance. Depending on the situation 
and State program policies, it may be possible to use the 
“dozer push-up” surface for reforestation without a final 
strike-off grading. Otherwise, the push-up piles should be 
struck off with one or, at most, two passes with a light 
dozer. 
 
Reconstructing Slopes  
Practices for achieving an uncompacted growth 
medium on sloped backfills will vary from operation 
to operation. Backfill construction, however, should 
not vary much from what would be done normally 


– except that grading of the final surface is 
minimized. If the backfill materials are suitable and 
approved for use as a topsoil substitute, those 
materials are placed to construct the backfill using 
the usual practices. When all materials are in place, 
the dozers shape the fill to its final form - but they 
do not smooth and track in the surface (Diagram 4). 
All grading is done moving downslope, while 
upslope tramming is confined to roads or 
tramways, which avoids tracking over and 
compacting materials that have already been 
shaped. 
 


 
 


Diagram 4: Soil placement and final grading on a steep-
slope contour mine where the backfill is constructed of 
approved topsoil substitute material and does not require 
compaction to maintain stability. The material is dumped 
in place (left) as per normal practice and then struck off 
to shape the backfill (right) but not graded smoothly. The 
dozer grades moving downward and trams back up on 
roads or defined tramways so as to minimize tracking 
back over materials that have already been shaped. 
 
 
If the backfill requires compaction for stability, all 
materials except the surface are placed and 
compacted as needed to construct a stable backfill 
using normal practices (Diagram 5). Topsoil or 
topsoil-substitute materials can be dumped as 
needed to cover the outer surface of the compacted 
fill with 4 to 6 feet of loose, uncompacted material.  
The material can be placed from the outer edge of 
each lift, or an access road can be constructed to 
enable the entire fill’s surface to be dumped over 
from the top.  If necessary, the dumped spoil is then 
struck-off to shape the final landform. Again, all 
dozing is done moving downslope and only as 
needed to shape the fill; and upslope tramming is 
confined to roadways or the like, which avoids 
tracking back over and compacting the shaped 
materials. It is essential that the outer surface of the 
underlying compacted materials be left in a rough 
configuration so as to assure a good interface with 
the uncompacted surface. Leaving a smooth 
surface on the compacted base of a steeply sloped 
fill can create a slide plane, making the surface 
material vulnerable to instability. 
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Diagram 5: Spoil can be placed and graded to achieve 
stability on a steep-slope contour mine where backfill 
compaction is specified by the permit. The backfill 
materials are placed and compacted using standard 
procedures as required for stability, and then loose 
materials suitable for surface placement are dumped over 
the compacted spoils and graded only lightly and only if 
necessary to shape the final surface. The surface 
materials can be placed over the compacted backfill as 
each lift is completed, or they can all be dumped from the 
top lift.  
 
 
The operator is responsible for assuring that 
approximate original contour and backfill stability 
are achieved, as in any other SMCRA-regulated 
mining operation.  Areas that will support final 
drainage ditches and waterways should be placed 
and stabilized as in normal practice.   


Leave a Rough Soil Surface: 
On any surface mine, low compaction grading 
techniques that create excellent forest soils will 
leave rough surfaces. Mine sites being prepared for 
reforestation can be left with rough surfaces similar 
to natural forests. Grading practices that leave 
small depressions and rocks on the surface will be 
an aid to successful reforestation (see Photo 3). 
Such surfaces absorb rainwater more easily than 
the smoothly graded surfaces that are used in 
reclamation for hayland, pasture, and other 
agricultural postmining land uses. The surface 
depressions and void spaces that occur on such 
sites can capture and germinate seeds that are 
carried to the site by winds or animals, and the 
rough surface increases water infiltration. Any 
water that infiltrates cannot cause erosion by 
running off the surface. If the surface materials 
contain old stumps or other organic debris from the 
pre-mining forest, these materials can also be left 
on the surface to aid reforestation. 
 
Final Grade Only During Dry Conditions: 
Final grading should occur only when surface 
materials are dry.  This will help to reduce 
compaction and will be more cost effective than 
grading moist materials. When spoil materials are 
damp or moist, the pressures exerted by the dozer 
can pack the soil particles together more tightly 
than would occur under dry conditions. If the 
surface materials are wet, damp, or moist, final 
grading should be delayed until they dry. 
 


 


 
Photo 3. A topsoil substitute material that has been prepared for revegetation using the low-compaction grading 
technique on a Virginia coal surface mine. The materials have been left in a loose condition. The rocky, rough surface will 
aid water infiltration and will not hinder the forest postmining land use that is being established on this site. 
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Keep Traffic Off the Final Surface: 
Once the final surface has been graded, all 
equipment traffic should be excluded from the 
area. If it becomes necessary for heavy equipment 
to traffic over some portion of the graded area, 
that area’s suitability for trees can be restored with 
deep ripping (see Sweigard 2007). 
 
Frequently Asked Questions about Low 
Compaction Grading 
 
What about site stability? 
SMCRA and its regulations require that reclaimed 
mine sites be stable. Therefore, all below-surface 
spoils should be handled and placed as needed to 
ensure stability as described in the permit; only the 
top 4 to 6 feet must remain loose and 
uncompacted for successful reforestation.  
 
What about backfill settlement? 
Since successful postmining forests require that 
compaction be avoided only on the top 4-to-6 feet, 
most of the backfill material may be placed using 
procedures that would normally be used to 
prevent settlement and highwall exposure. Any 
settling that occurs because the top 4-to-6 feet has 
been left loose will be minimal. Operators can 
overfill the top of the highwall using the same 
amount of loose spoil that they would otherwise 
compact – but without the added expense of 
compacting this final lift of material. 
 
If the site is not graded smoothly, will that be 
“Ugly Reclamation?” 
Each loose-graded site will look different, with 
some rougher and some smoother.  Some sites will 
have many rocks on the surface while others will 
not.  But whether or not these sites should be 
considered  "ugly reclamation" is in the eye of the 
beholder.  To a person who can envision a 
productive natural forest with diverse vegetation 
and wildlife emerging from the mine site – such 
reclamation can be beautiful. Many natural, 
unmined forests in the Appalachians have rough 
and rocky soil surfaces.  
 
If the surface is not compacted to “hold it in place,” 
will soils erode more rapidly? 
Scientific research (Torbert and Burger 1992) and 
on-site observations demonstrate that compacting 
soil surfaces accelerates soil erosion. Soils erode 
when rainfall fails to infiltrate the soil and runs off 
the surface. Surface compaction prevents rainfall 
infiltration, encouraging erosion. Mine soils 
reclaimed with low-compaction grading allow 
water to infiltrate the surface, which prevents 
erosion. Mine operators who switch from 
conventional to low-compaction grading often 
observe that sediment-pond clean-outs are needed 
less frequently. 


If gullies develop in the uncompacted materials, 
should they be regraded? 
Because low-compaction grading encourages 
infiltration of rainfall, gullies are less likely to form 
when low-compaction grading is used. If small 
gullies form in the final surface, they should not be 
regraded. When regrading occurs, it compacts the 
soil surface. If regrading occurs after the site has 
been planted with trees, those trees within the 
regraded area are destroyed. The maximum 
allowable gully size that does not require 
regrading varies with State program policies. 
Generally, the States allow stabilized gullies to 
remain in place on forested mine sites if they are 
not large enough to hinder the operation of 
forestry equipment. 
 
Will the mine inspector like it? 
Most inspectors will approve low-compaction 
grading without problem or difficulty because the 
FRA is allowed under SMCRA. OSM and the seven 
States that participate in the Appalachian Regional 
Reforestation Initiative (ARRI) (KY, MD, PA, OH, TN, 
WV, VA) and Indiana have issued directives to that 
effect (see Angel 2005), and both Federal and 
State inspection personnel in those States have 
been informed of this “new” way of reclaiming 
mine sites for forests, which includes low-
compaction grading. Each State agency and OSM 
office in Appalachia has assigned one or more 
people to encourage use of FRA practices in 
permits and in the field, and to ensure that FRA 
practices are accepted as means of achieving bond 
release (see http://arri.osmre.gov). 
 
If a mining firm is concerned that its inspector will 
not favor low-compaction grading, it should state 
in the mining permit that low-compaction grading 
practices will be used.  
 
If a mining company is not certain that its 
inspector will approve low-compaction grading, a 
mine supervisor can ask the inspector for an on-
site meeting. Carrying a copy of this or other ARRI 
publications (see http://arri.osmre.gov/fra.htm) to 
the meeting can help communication with the 
inspector. If such a meeting were to be 
unsuccessful, a call to that State’s ARRI liaison, or 
to any of the authors of this publication, could be 
the next step.  FRA practices – including low-
compaction grading -- are allowed under SMCRA 
when the postmining land use is forest, and are 
encouraged by both OSM and State agencies. 
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Summary 
Since SMCRA’s early years, equipment operators 
and inspectors have taken pride in the clean and 
smooth "golf-course" look produced by fine 
grading.  Scientific research has made it clear, 
however, that such practices compact soils and 
hinder development of planted trees.  
 
To re-establish a healthy and productive forest 
after mining, surface compaction should be 
minimized by placing surface spoils using 
techniques that leave them loose, leveling with the 
lightest equipment available with the fewest 
passes possible during dry conditions, and 
permanently removing all equipment from the 
area after leveling. 
 
The low-compaction grading techniques described 
in this Advisory are less costly than conventional 
smooth-grading and tracking-in practices that 
were common since SMCRA went into effect. Low-
compaction grading for forestry postmining land 
uses is consistent with SMCRA and with federal 
and State regulations. Low-compaction grading 
will aid seedling survival, reduce the likelihood of 
replanting, increase the likelihood of prompt bond 
release, and allow the planted trees to grow into a 
productive forest. 
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