
sparse or absent, soil samples should be collected on a 
grid pattern and analyzed to determine the best available 
plant-growth media. Careful labeling and mapping are 
necessary to identify the location from which each sample 
was collected. Analvsis of the minesoils will show 
amendment requirements to achieve proper pH and 
nutrient levels. 

Hot spots, i.e., areas of minesoil containing materials 
toxic to plant life, should be identified before mining. 
These materials should then be segregated when mining 
starts and buried as part of the reclamation procedure. 

After mining, revegetation can follow standard proce- 
dures for applying amendments, selecting species, and 
seeding, planting, and mulching to achieve the desired 
land-use objective. 

Refuse Piles 

Refuse piles resulting from coal preparation plants or 
deep-mine operations present a unique revegetation 
problem. Usually, topsoil or substitute materials are not 
available. The dark color of the refuse can absorb enough 
solar energy to raise temperatures to levels that are lethal 
to plants. The materials are often highly acidic and defi- 
cient in plant nutrients. 

A complete analysis of the refuse material is necessary 
before a revegetation prescription can be developed. Top- 
soil or substitute material available for covering the refuse 
should be analyzed at the same time. The analyses will 
identify lime and fertilizer requirements. 

Where topsoil or substitute materials are available and 
the refuse is very acid, it may be necessary to neutralize 
the refuse before applying the surface layer of plant-growth 
media. The surface layer should then be limed and ferti- 
lized according to the results of the soil tests. Seeding, 
planting, and mulching can then be performed following 
accepted procedures. 

Where there is no topsoil or substitute material availa- 
ble, revegetation of the refuse is more difficult. Lime and 
fertilizer requirements, as determined by the soil tests, 
should first be satisfied. Seeding and planting should be 
followed by a very heavy application of mulch. Coarse 
mulches such as bark, wood chips, or straw provide more 
protection from solar insolation than the cellulose fiber 
mulches. Enough mulch must be applied to completely 
cover the refuse and provide some shading of the newly 
germinated plants. 

Incorporating organic materials, such as sewage sludge, 
composted municipal wastes, livestock and poultry 
manures, shredded bark, composted leaves, papermill 
sludge, mushroom compost, and mixtures of some of these 
materials, has greatly enhanced revegetation of coal refuse 
piles as well as abandoned acid-mine spoils. In some 
cases, additions of lime and fertilizer were not needed 
where moderate to high rates of these organic materials 
were applied. 

Fall seeding with a mixture containing a temporary 
cover species, such as winter wheat or rye, and permanent 
species has proved successful in test plantings. The cool 
fall weather promotes the development of the cover spe- 
cies which provide a living mulch to protect the other spe- 
cies as they germinate and start growth in the spring. Tree 

and shrub seed can be included in the fall seeding mix-. 
ture or seedlings can be planted in the spring. 

Due to the severity of this type of site, germination and 
plant establishment may be spotty. The land manager 
should be prepared to spot treat open areas to obtain an 
overall cover. 

VEGETATION 
ESTABLISHMENT AND 
CULTURAL PRACTICES 

The use of appropriate cultural practices and amend- 
ments and adherence to proper seeding and planting 
techniques will greatly increase chances for success in es- 
tablishing vegetation. In fact, success in revegetating 
minesoils may be more dependent on the proper use and 
application of these practices and amendments than on 
the selection of plant species. 

Soil Amendments 

Successful establishment of vegetation on minesoils 
usually requires the applications of one or more soil 
amendments. Amendments are materials applied and in- 
corporated into soils to cause immediate changes in soil 
physical and chemical properties. Amendments should 
not be confused with mulches, which are used to alter 
surface characteristics and environment. Field and labora- 
tory soil chemical and physical tests are needed to deter- 
mine amendment requirements. 

Fertility Management 

Several criteria mav need to be considered in determin- 
ing the kind and amLunt of fertilizer to use: (1) nutrient 
availability in the spoil or soil, (2) nutrient requirements 
of plant species to be established, (3) effect of fertilizers 
on minesoil properties, (4) cost, (5) requirements for refer- 
tilization, and (6) availability of water. 

Fertilizer requirements and recommendations vary with 
different land uses and management situations. For 
agricultural uses, fertilizer application is based mainly on 
soil tests and follows the recommendations of local 
agricultural specialists for the crop being planted. Criteria 
for agricultural use may include split applications for crop 
establishment and periodic applications thereafter for crop 
maintenance. 

For forestry and wildlife habitat land uses, fertilizer is 
applied primarily for the initial establishment of a vegeta- 
tive cover for erosion control. Generally, this requires a 
lower fertilizer rate than for agricultural uses, and main- 
tenance applications usually will not be required. Ideally, 
without maintenance applications, density of the initial 
cover will gradually diminish or composition will change 
and thereby improve the chances for planted and naturally 
seeded woody species to develop. 

Soil testing for needed fertilizer is less important for 
forestry or wildlife-habitat land uses, or where herbaceous 
cover is established primarily for erosion control or esthet- 



ic purposes, than it is for agricultural uses. Without a soil 
test or with no previous knowledge of fertility requirement, 
a minimum rate of fertilizer recommended for establishing 
herbaceous seedings is about 60 pounds of nitrogen (N) 
and 100 pounds of phosphate (P,O,) per acre. On mine- 
soils that have not been topsoiled, application of potassi- 
um fertilizer may not be needed; but where it is used, a 
rate of about 30 pounds per acre of potash (K,O) is sug- 
gested. Native soils in some regions are low in potassium; 
thus, a higher rate of potash may be needed on mined areas 
that have been topsoiled. 

The benefits of fertilizing woody species are not as 
predictable or economically attractive as fertilizing her- 
baceous species. Woody species fertilized with nitrogen 
or phosphorus, or both, usually show a positive response 
in height growth, vigor, and color. In some plantings, in- 
creased mortality of newly planted tree seedlings results 
from the use of fertilizer-both from broadcast application 
and from placing fertilizer pellets in the planting hole. In 
other plantings, tree survival is not affected by fertilizer 
placed either in the planting hole or near it. 

The establishment and early growth of direct-seeded 
trees and shrubs usually are improved by fertilization with 
nitrogen and phosphorus. However, where trees and her- 
baceous species are seeded together, the rapid, vigorous 
growth of the herbaceous vegetation in response to fertiliz- 
er may suppress or prevent the establishment of seeded 
trees. 

Requirements for maintenance fertilization of estab- 
lished vegetation are determined primarily by land-use 
objectives. For agricultural uses, fertilization programs 
similar to those used in the management of any agricul- 
tural land may be required for continued crop productivity. 
Because the fertility of minesoils can vary in different 
areas, the requirements for maintenance fertilization in 
agricultural uses must be determined mainly from ex- 
perience and periodic soil testing. 

For reforestation and wildlife habitat, little if any refer- 
tilization should be needed once the required vegetative 
cover and number of woody species are established. There- 
after, natural processes are mainly responsible for the 
continued maintenance and development of plant com- 
munities. For example, herbaceous and woody legumes 
help provide nitrogen by way of the associated nitrogen- 
fixing bacteria. Populations of other microorganisms that 
aid plant nutrition, especially mycorrhizal fungi that help 
plants obtain phosphorus from the soil, also will increase 
as vegetation becomes established. Application of fertiliz- 
er, especially at high rates, can impede the development 
and function of these beneficial organisms. Thus, refer- 
tilization is not advised where it does little to benefit or 
may even interfere with the natural development of plant 
communities. 

Important Nutrients 
Sixteen elements are considered as essential nutrients 

for plant growth. Those nutrients most likely to be defi- 
cient and of most concern in fertilizing soils are nitrogen, 
phosphorus, and potassium. Other nutrients may be defi- 
cient in specific soils or localized areas. 

Nitrogen-Most minesoils are deficient in nitrogen (N). 
Soil tests that estimate N status from organic matter can 

grossly overestimate N content when the minesoil contains 
coal fines or dark shales. Organic matter in such deter- 
minations also may be biologically inert. Some tertiary 
and cretaceous shales may contain appreciable N, however. 
Test plots with different N applications are advisable if 
there is doubt about N requirements. For these tests, it 
should be remembered that N usually is far more limit- 
ing to plant productivity than it is to seed germination. 

Where N is low in minesoils, 40 to 60 poundslacre may 
need to be added. Where mulches, such as straw, are used, 
50 to 60 pounds or morelacre may be called for. (See the 
mulch section for mulch N requirements.) 

Nitrogen is commonly available in ammonium nitrate, 
ammonium sulfate, urea, ammonium phosphates, manure, 
and sludge. Nitrogen-fixing plants frequently are used on 
surface mined lands, but most of the nitrogen fixed is not 
available to other plants during the first growing season. 
Dark topsoils also may contain a significant amount of N. 

The nitrate form of N is particularly mobile because the 
ion is not absorbed on clay particles. Thus, it is particu- 
larly susceptible to loss by leaching. As negatively 
charged nitrate ions leave the soil body, an equivalant 
amount of positively charged calcium, magnesium, potas- 
sium, and other ions also will leave so that the elec- 
troneutrality of the soil mass is preserved. Soil organic 
matter helps hold nitrate and reduce leaching losses. 

Nitrogen fertilizers can be applied at the same time as 
seed in the spring, but the fertilizer should not be in con- 
tact with the seed. Where late-fall seeding is used, the 
application of N, or most of it, is better left until spring 
to avoid leaching losses. The effect of N fertilization often 
is temporary. Split application in the first growing sea- 
son and refertilization later may be required. If annual 
weeds are anticipated to be a problem, it may be desira- 
ble to delay N-fertilization until the desirable vegetation 
has germinated and become established, possibly even as 
late as the start of the second growing season. Applica- 
tion of N on established vegetation can cause a "greening 
up" effect that looks good, but if this precedes a dry spell, 
the additional shoot biomass requirements for water may 
outstrip the roots' ability to provide it and lead to a die- 
off of vegetative cover. 

Nitrogen deficiency in plants generally is seen as a yel- 
lowing of older leaves, "firing" or drying of leaves start- 
ing at the bottom of the plant, and slow or dwarfed growth. 
This phenomenon can be used as an indicator of the need 
for maintenance fertilization with N. Soil tests may be 
needed to confirm this because other factors may be 
involved. 

Phosphorus-Most minesoils also are deficient in phos- 
phorus (P), but there are exceptions. Soil tests that show 
plant-available P are the most meaningful for determin- 
ing need for P fertilizer. Phosphorus sufficiency is par- 
ticularly critical to the establishment of seedlings. 
P-deficient plants may not be able to grow enough of a root 
system to extract sufficient water so that drought appears 
to be the cause of vegetation failure. P-deficiency 
symptoms include purplish leaves, stems, and branches, 
low seed yield, slow growth, and delayed maturity. 

Phosphorus is applied as phosphate, P,O,. Applica- 
tions of 100 poundslacre are common on coarse soils; 200 
poundslacre are commonly used on clays. Applied P fer- 



tilizer should be worked a few inches deep into the soil. 
Phosphorus sources include super phosphates (42 to 53 

percent P,O,), ammonium phosphate, diammonium phos- 
phate, sewage sludge, and manure. The latter two sources 
usually can supply sufficient P if they are applied in suffi- 
cient quantity to meet soil N requirements. Soluble P 
sources (ammonium phosphates and super phosphates) 
should be used on neutral and basic minesoils. 

Phosphorus fertilization is long lasting and seldom 
needs repetition. Much of the applied P will be converted 
into organic and less available forms that will be released 
again as vegetation requires it. 

Potassium-Potassium (K) usually is not deficient on 
minesoils, particularly when clays are present in the 
spoils. Soil tests should be used to confirm this. Most 
of the standard soil tests for K give meaningful results for 
determining requirements for K fertilizer. 

Calcium and Magnesium-Calcium (Ca) and Magnesi- 
um (Mg) are sometimes initially deficient on acid spoils. 
Liming corrects Ca deficiencies and use of dolomitic lime- 
stone also corrects Mg deficiency. Mg toxicity may develop 
in minesoils where the Ca:Mg ratio is below 1:1, based on 
soil tests that measure soil solution on "available" amounts. 
Use of dolomitic limestone to neutralize some highly 
pyritic acid spoils may cause problems in revegetation due 
to the formation of high levels of Mg salts. 

Grass tetany in animals is caused by low Mg concentra- 
tion in blood which, in turn, is related to low Mg concen- 
trations in forage. Mg fertilization is desirable where soil 
tests show that "available" Mg is less than 50 ppm or 100 
poundslacre in soils planted in forage crops. 

Ca and Mg are not very mobile in soils. When lime is 
applied to correct Ca and Mg deficiencies, it should be 
worked into the soil to a depth of at least 6 inches. 

Fertilizer Terminology 
Fertilizer recommendations often are confusing to those 

unfamiliar with fertilizer terms. Most commercial fertiliz- 
er materials include three major nutrients: nitrogen, phos- 
phorus, and potassium. Fertilizer recommendations 
usually are made on the elemental basis for nitrogen (N) 
and on the oxide basis for phosphorus and potassium, i.e., 
phosphate (P,O,) and potash (K,O). The "analysis" of a 
fertilizer material is the listing of the percent of each 
nutrient, always in the order: N-P,O,-K,O. Fertilizer 
labeled as 8-24-16 contains 8 percent by weight of N, 24 
percent of P,O,, and 16 percent of K,O. Fertilizer labeled 
as 10-10-10 contains 10 percent by weight of each nutrient. 
This applies to both dry and liquid fertilizers. Thus, if 
a gallon of liquid fertilizer is labeled as 10-20-10 and 
weighs 10 pounds, it contains 1 pound of N, 2 pounds of 
P,O,, and 1 pound of K,O. 

Fertilizers that contain only one of the nutrients are 
called "straight" fertilizers. For example, 34-0-0 is ammo- 
nium nitrate and contains only nitrogen. Fertilizer labeled 
0-46-0 is concentrated super-phosphate and contains only 
P,O,. Muriate of potash, labeled 0-0-60, contains only 
K,O. "Mixed" fertilizers contain two or all three of the 
nutrients; for example, 18-46-0, 0-20-20, or 8-16-8. 

Fertilizers can be obtained in various formulas, but there 
are advantages to using or mixing "high-analysis" 
fertilizers-those that contain the greatest amount of the 

nutrient or nutrients. For example, a mix of 220 pounds 
of 18-46-0 fertilizer, plus 60 pounds of 34-0-0 fertilizer will 
provide 60 pounds of N and 100 pounds of P,O,, a sug- 
gested minimum per-acre rate for establishing ground 
cover. With this mixture, 280 pounds per acre of bulk fer- 
tilizer are needed. But if a fertilizer such as lo-10-10 were 
used, 1,000 pounds of bulk fertilizer would be required 
to meet the 100 pounds per acre P,O, requirement. This 
amount of fertilizer also would supply 100 pounds of N 
and 100 pounds of K,O. The amount of N would be some- 
what in excess of that required or needed; the K,O may 
not be needed at all or be in excess of need. The advan- 
tages, then, of combining and using high-analysis 
fertilizers such as a 18-46-0 and 34-0-0 instead of using 
low-analysis fertilizers such as 10-10-10 are: 

(1) Less bulk material is involved, so transportation, 
handling, and storage costs are reduced. For application 
by aircraft it is especially important to apply the most 
nutrients in the least amount of bulk material. (In the 
previous example, 1,000 pounds of 10-10-10 had to be used 
compared to 280 pounds of the high-analysis mix.) 

(2) Cost is less because the cost of fertilizer is based on 
the cost per pound of nutrients. Applying unneeded 
nutrients increases the cost of applying fertilizer. 

(3) High-analysis fertilizers usually have a lower salt con- 
centration per unit of available nutrients; this reduces the 
chances of salt damage to seed, especially when seed and 
fertilizer are mixed in a hydroseeder. 

Fertilizer Application 
Fertilizer usually should be applied at about the same 

time that seeding is done, preferably when the seedbed 
is being prepared. However, when seeding is done in the 
dormant season, fertilizer, except for phosphorus, should 
not be applied until about the time that the seeds begin 
to germinate in the spring. Incorporating fertilizer, par- 
ticularly phosphorus, into the minesoil generally is recom- 
mended, especially on fine-textured soils. Tillage for 
mixing fertilizer into minesoils may not be necessary 
where the fertilizer is applied on a roughened, freshly 
tilled seedbed. 

Fertilizer can be applied dry with cyclone or broadcast- 
type spreaders, pull-type flow spreaders, regular lime- 
spreading trucks or those with the Estes AerospreadTM 
attachment, and with aircraft. It can be spread by hand 
on small areas. 

Fertilizer also can be spread with a hydroseeder, either 
by itself or mixed with the seed. Where mixed with seed, 
the slurry should be spread as soon as possible to prevent 
damage to the seed by the salt solution formed from the 
mixture of water and fertilizer. This salt solution also can 
kill the bacteria in a legume inoculant, as discussed in 
a later section. 

Amelioration of Acidity 

Minesoil acidity causes more problems for vegetation 
than a mere acid environment for plant roots. The con- 
centration of many ions in soil solution is pH dependent. 
Low pH releases toxic amounts of iron, aluminum, and 
manganese into soil solution. Heavy metals such as 
selenium, chromium, nickel, and cadmium also are more 



available under acid conditions. Phosphorus availability 
decreases under acid conditions. 

Liming Materials 
The most common method of ameliorating minesoil 

acidity is a lime application. The ability of a liming 
material to neutralize acid is evaluated by comparing it 
with the neutralizing ability of pure calcium carbonate. 
This relative neutralizing ability or value is expressed in 
percent. For example, the neutralizing value of hydrated 
lime is 135 percent, but some agricultural limestone may 
be as low as 80 percent. This and other chemical infor- 
mation should be available for liming materials sold com- 
mercially for agricultural uses. 

Agricultural lime (ground limestone) is the material 
most used for amending acid soils. Limestone from differ- 
ent quarries and differint parts of the country may vary 
in its neutralizing value or "calcium carbonate equivalent" 
or CCE. Thus, adjustments to increase liming rates should 
be made where lime with a low neutralizing value is used. 
For example, if a liming recommendation calls for 2,000 
pounds per acre of CCE and lime has a neutralizing value 
of 85 percent, then (2,000185) x 100 = 2,350 pounds, the 
actual amount of agricultural lime required. 

It is important that agricultural lime be ground to meet 
particle-size or fineness standards recommended by the 
U.S. Department of Agriculture. Most dealers licensed to 
sell agricultural lime meet these or similar standards re- 
quired by State regulation. Finely ground limestone dis- 
solves faster than coarsely ground and reacts faster with 
the acid in the soil. Adjustments should be made to in- 
crease liming rates where lime with a coarse grind is used. 
In fact, using additional lime, with a mix of particle sizes, 
even as much as double the recommended rate, can benefit 
the establishment and maintenance of vegetation on spoils 
high in sulfides, because a greater quantity of the finely 
ground limestone is available to quickly react with the 
active acidity. The slower dissolving coarse particles may 
provide a reserve for neutralizing acid produced in the 
future from oxidizing sulfides; but in some situations, the 
coarse particles of limestone become coated with iron 
oxides and are rendered ineffective for neutralizing acid. 

Limestones from different geologic formations also may 
vary in the content of magnesium carbonate. Those con- 
taining little or no magnesium are called calcitic; those 
with relatively high amounts are called dolomitic. The 
neutralizing value of dolomitic limestone usually is higher 
than calcitic limestone. Either type of limestone can be 
used on most minesoils, though dolomitic materials are 
most beneficial for soils low or deficient in magnesium. 
By contrast, toxicity to plants is known to occur where acid 
minesoils already relatively high in Mg were treated with 
high rates of dolomite. 

Hydrated lime (calcium hydroxide) also is useful for 
amending acid soils, but this material is more expensive 
than agricultural lime and more difficult to apply with 
conventional spreading equipment. However, the use of 
hydrated lime may be desirable where it is necessary to 
treat small, hard-to-reach areas. The neutralizing value 
of hydrated lime is 135 percent; only 1,480 pounds of it 
are required to equal the neutralizing ability of 2,000 
pounds of pure calcium carbonate. Because all of the 

hydrated lime is immediately effective for neutralizing 
acid, it does not have the lasting effect of agricultural lime 
that contains both fine and coarse particles. 

Burnt lime (calcium oxide) is not commonly used but 
may be available in some areas. It is very soluble in water. 
This allows an immediate effect on minesoil pH, but it is 
not long lasting. Immediately after application, soil pH 
may rise temporarily to 8.5 to 9.0. The pH should be al- 
lowed to stabilize in such cases before fertilizer is applied. 

Some industrial waste products such as calcium silicate 
slag and alkaline fly and bottom ashes have been used as 
liming materials, but they usually are less effective than 
agricultural and hydrated limes and sometimes cause other 
toxicity problems. For example, fly ash from some sources 
contains levels of boron that are toxic to vegetation grown 
on sites treated with large amounts of the fly ash. Lime 
residue from sugar beet processing also can be used. 

Rock phosphate provides a long-term, slowly available 
source of phosphorus for plant growth and helps neutral- 
ize acidity. However, it has less neutralizing ability than 
agricultural lime at similar rates. The feasibility of using 
rock phosphate must be based primarily on the cost of ob- 
taining and applying it compared to the cost of using lime 
and high-analysis phosphorus fertilizer. 

Liming Rates 
Standards for lime requirements usually are expressed 

in terms of liming the soil to a prescribed pH level. For 
agricultural uses, a pH of about 6.5 generally is recom- 
mended. For forestry and wildlife-habitat land uses in the 
eastern United States, a pH of at least 5.5 usually is 
prescribed. One reason for this is that plant species used 
for reforestation and wildlife habitat generally are better 
adapted to acid soil than species used primarily for 
agricultural purposes. 

Ideally, soil tests should be used to determine liming 
rates for acid minesoils and refuse materials. However, 
where the appropriate soil tests cannot be obtained, 
general guides, such as the following based on soil-water 
pH values, usually produce acceptable results for liming 
minesoils that are not extremely acid (above pH 4.0). 

pH (soil-water suspension) Rate (tons/acre CCE) 
6.1 and higher None 

6.0 to 5.5 1 to 2 
5.4 to 4.6 3 to 4 
4.5 to 4.0 5 to 6 

For determining lime requirements on minesoils and re- 
fuse materials that are extremely acid (below pH 4.0) and 
those known or suspected to be high in sulfides, soil test- 
ing is especially important because lime requirements can 
vary greatly in these materials, even among those with the 
same pH. On materials where standard soil tests, such as 
the SMP Buffer pH, indicate liming rates of 20 to 25 tons 
per acre or more, a total sulfide analysis (potential acidity 
test) also is recommended, and lime application should 
be increased accordingly. If the total sulfide analysis can- 
not be obtained, lime should be applied at about 1.5 times 
the rate indicated in the standard soil test. An alternate 
strategy is to apply and incorporate at least 25 tons of lime 
per acre and retest with the standard soil test 4 to 6 months 



later. Additional lime as indicated by the test should be 
applied and incorporated. A temporary cover crop for 
reducing erosion should be sown during the periods 
between tests. 

Liming rates indicated by soil tests are the amounts 
needed to amend soils to a depth of about 6 inches (also 
referred to as the plow layer). These rates may be ex- 
pressed as some unit of weight per unit of area, such as 
tonslacre, or as some unit of weight per weight of a unit 
area, such as tons of limel1,000 tons of soil. One thou- 
sand tons is considered as the weight of an acre of aver- 
age soil 6 inches deep. Accordingly, lime should be 
incorporated about 6 inches deep. But in extremely acid 
material, this means that the growth of plant roots is 
limited to the depth to which lime has been incorporated. 
Thus, to increase the potential rooting depth of vegetation 
on extremely acid materials, lime should be incorporated 
10 to 12 inches deep or deeper if possible. However, where 
there is deeper incorporation of lime, the quantity of lime 
applied must be increased accordingly; where incorpo- 
rated 12 inches deep, for example, the rate of lime indi- 
cated by soil tests should be doubled. 

Where topsoils will be spread over acid minesoils, it is 
desirable to apply lime on the minesoil and incorporate 
it before covering with topsoil. This may provide a better 
rooting environment at intermediate depths. 

The need for maintenance application of lime, as with 
initial application, should be determined by land-use re- 
quirements. Topdressing with lime to maintain a pH of 
about 6.5 is recommended for agricultural production. 
Maintenance applications for forestry and wildlife habitat 
may not be required unless periodic soil tests indicate a 
continual decline in pH below 5.5, or a visual inspection 
indicates that lime is needed to maintain existing 
vegetation. 

Application 
Agricultural lime can be spread with conventional lime- 

spreading trucks on areas that are accessible to vehicles. 
Application on steep slopes and on accessible areas can 
be made with the Estes Aerospreader-a blower-impactor 
device that is mounted on a lime-spreading truck. Hydrat- 
ed lime can be applied on relatively smooth and level land 
with a pull-type, gravity-flow spreader, and on steep slopes 
with a hydroseeder. 

Lime should be incorporated into the soil, preferably 
to a depth of about 6 inches, before seeding or planting 
vegetation. A heavy-duty disc or chisel plow is useful for 
incorporating lime on most minesoils; but on steep slopes, 
incorporating lime by any means is a major difficulty. 
Some form of tillage up and down slope may be possible 
with a dozer, but the furrows would collect runoff water 
and quickly initiate gully erosion. Lime applied on the 
surface and not incorporated will be of limited benefit in 
establishing vegetation, but it is of some value for topdress- 
ing areas that already are vegetated. 

Lime can be applied at any time that the spreading 
equipment has access to a site. Ideally, agricultural lime 
should be applied and incorporated several weeks or even 
several months before seeding. This probably can be ac- 
complished on most older mined sites and refuse piles. 
However, newly mined areas should be seeded as soon as 

possible after grading is completed. Thus, lime usually 
will have to be applied immediately after grading and 
given little or no reaction time in the soil before seeding. 
One way to compensate for the reduced reaction time is 
to apply from 10 to 50 percent additional lime. Extreme- 
ly acid materials that initially require large amounts of 
lime also will require the greater percentage of additional 
lime. Large quantities of agricultural lime properly incor- 
porated usually will not inhibit the establishment of seed- 
ed vegetation. In eastern Kentucky, calcitic limestone was 
applied on extremely acidic spoils high in sulfides at 8 
times the rate indicated by the soil test without adversely 
affecting the seeded vegetation. 

In addition to correcting low pH, lime also: 
Adds calcium to the soil. 
Speeds decomposition of organic matter and releases N. 
Increases the efficiency of fertilizer. 
Increases nutrient availability. 
Decreases aluminum and iron toxicity. 
Improves the physical condition of the soil. 

Amelioration of Toxic Elements 

Some minesoils have high amounts of heavy metals or 
other elements present in toxic concentrations. Some of 
the revegetation problem may possibly be solved by the 
use of plant materials that tolerte these elements. Amend- 
ing minesoils to modify their chemistry also helps. As 
discussed under liming, raising soil pH can decrease the 
soil solution concentrations of toxic elements. On alka- 
line spoils, lowering pH can help control availabilities of 
elements, such as chromium and molybdenum, which are 
least "available" in the pH range of 5 to 7. Soil chemistry 
modification can be a complex and sometimes costly 
process. Local SCS and State extension soil scientists 
should be consulted for help with specific problems. 
Where there are plans to use reclaimed lands for forage 
production, potential toxicity of boron, selenium, and 
molybdenum must be considered. 

Sodic Soils 
Minesoils high in sodium may require the use of 

sodium-tolerant plant species. In more extreme cases, so- 
dium in the soils causes "dispersion" of clay particles. This 
leads to loss of structure and poor water infiltration and 
percolation. 

Sodium frequently can be leached from sodic soils with 
irrigation water. Adding topsoil and organic matter helps 
improve soil aggregation and speeds leaching of sodium. 
Discing and subsoiling to improve structure and drainage 
may be beneficial, but deep tillage should be avoided in 
areas with a high water table or where tillage might en- 
courage water to rise to the surface and cany sodium into 
the rooting zone. 

Soluble calcium salts, such as calcium chloride and cal- 
cium sulfate (gypsum), can be used on sodic soils. The 
calcium ions replace sodium ions and increase permea- 
bility and consequent leaching. Calcium chloride is more 
soluble than calcium sulfate and it has an immediate 
effect. Calcium sulfate, however, is less expensive. 

The ammonium radical (NH, + ) in ammonium nitrate 
and ammonium sulfate is effective in removing sodium 



from sodic soils. Anhydrous ammonia and urea are not 
effective due to a lack of anions. A combination of gyp- 
sum (80 percent), ammonium sulphate (10 percent), and 
calcium chloride (10 percent) has been found to be twice 
as effective as gypsum alone in preventing sodium from 
migrating up into topsoils spread over sodic minesoils. 

Scrubber waste from power plants using limestone as 
the scrubbing agent also is effective for treating sodic soils. 
The addition of 10 percent ammonium nitrate or ammo- 
nium sulfate doubles its effectiveness. 

Saline Soils 
Saline soils, soils with basic salts other than sodium, 

can be treated with acid-forming chemicals and leaching. 
Sulfur, sulfuric acid, iron sulfate, aluminum sulfate, and 
lime sulfate are usable. However, adding these amend- 
ments to saline soils that do not contain alkaline earth car- 
bonates may make the soils too acidic. 

Organic Materials 

Organic amendments can benefit plant establishment, 
especially on minesoils whose physical, chemical, and 
biological properties are unfavorable for the growth of 
vegetation. Adding organic materials can decrease bulk 
density of the minesoil and increase water infiltration and 
retention. Chemically, organic amendments can reduce 
acidity, increase cation exchange capacity, and add plant 
nutrients. Irrigating extremely acid spoils with sewage 
effluent, for example, leaches toxic chemicals out of the 
rooting zone, dilutes concentration of salts, provides 
nutrients to plants, and lowers surface temperatures. Some 
organic materials also provide an energy source for benefi- 
cial soil microorganisms and soil fauna. 

Many metals, such as aluminum, iron, chromium, lead, 
and copper, form water-insoluble complexes with fulvic 
acids in soil organic matter. Adding organic matter to 
spoils can reduce the availability of the metals over time. 
Management practices that would lead to the destruction 
of soil organic matter at a later date would tend to release 
these metals again. 

Organic amendments that have been tested and used on 
mined areas are mostly agricultural, industrial, municipal, 
residential, and forestry-related wastes or residues. They 
include such products as barnyard and poultry manures, 
sewage sludge and effluent, mushroom compost, paper 
mill sludge, composted garbage (solid municipal wastes), 
leaves, and combinations of these materials, such as gar- 
bage or leaves mixed with sewage sludge. Crop residues, 
such as straw, and residues, such as bark and wood chips, 
from sawmills and wood-conversion plants have been used 
both as soil amendments and as mulches. 

Factors influencing rates of application of the different 
organic materials include the purpose for which they are 
applied, physical and chemical properties of the minesoil, 
depth of incorporation, and cost of obtaining and apply- 
ing the materials. Suggested rates of application for some 
of the materials are barnyard manure and composted gar- 
bage, 15 to 30 tons per acre; leaves, 2 to 4 tons per acre 
(air dry); sewage sludge and effluent, volumes equivalent 
to 20 to 50 tons per acre of dry matter; paper mill sludge 
and mushroom compost, 50 to 100 air-dry tons per acre. 

Several factors affect the economics of using waste and 
residue products, especially the costs of processing, trans- 
portation, and application. For such materials as sewage 
effluent, special distribution and application equipment 
entails high initial investment and costly maintenance. 
The economics of using waste or residue materials in 
reclaiming mined land should be evaluated in terms of 
costs and benefits both to the producers of the wastes and 
to those using it for revegetation purposes. 

The incorporation of some organic materials, such as 
animal manure and composted sewage sludge, adds plant 
nutrients to the soil. However, incorporating materials that 
are not composted and are high in cellulose, such as 
whole-tree chips, will cause a deficiency of nitrogen to 
plants during the decaying process, so additional nitro- 
gen fertilizer must be applied for the benefit of the vege- 
tation. Where establishment of herbaceous vegetation is 
concerned, a rule of thumb is to add an extra 15 to 25 
pounds of nitrogen for each ton of high cellulosic or non- 
composted organic material that is incorporated into the 
soil. This extra nitrogen usually is not required where 
organic materials are applied on the surface as mulch. 

Once a good organic matter reservoir is established in 
a soil, maintenance fertilization for nonagricultural use 
probably will no longer be necessary. The soil organic 
matter serves as a nutrient reserve, and is especially im- 
portant as a nitrogen sink. The microorganisms respon- 
sible for "driving" the nutrient cycles, in which plant 
nutrients are recycled by a variety of organisms including 
plants, use the soil organic matter in part as a source of 
energy. 

Microbiologic Materials 

Microorganisms are essential to the establishment of 
permanent vegetation on mined lands. Although not an 
amendment in the sense of fertilizer or lime, some types 
of microorganisms can be added artificially to plant 
materials or to the soil to aid plant establishment and 
growth. For example, inoculating legume seeds with 
Rhizobium bacteria ensures that the legume plants will 
become effective nitrogen-fixers. Similarly, under natur- 
al conditions, most plant species depend greatly on a sym- 
biotic association with mycorrhizal fungi. The survival 
and growth of pine on some mined areas have been en- 
hanced by inoculating the seedlings with Pisolithus tinc- 
torius, an ectomycorrhizal fungus that is tolerant of high 
temperatures and acid conditions. Spores of this type of 
fungus, produced above ground in mushroom-like struc- 
tures, are disseminated by wind and readily form an 
association with pine seedlings under natural conditions. 
Seedlings can be artificially and more quickly inoculated 
by applying fungal spores directly to their roots just be- 
fore planting, or by growing them in artificially inoculated 
nursery beds. Incorporating spores on the seed coat of 
conifer seed by pelletizing is another promising method 
of inoculation. 

The endomycorrhizal fungi, another type of fungal as- 
sociate, produce spores underground that are not as easily 
disseminated as the spores of ectomycorrhizal fungi. To 
inoculate plant seedlings with the appropriate endomycor- 
rhizal fungal associate, the seedlings must be grown in 



nursery beds in which the fungal spores are naturally 
present. Because mycorrhizal fungi are naturally present 
in soil, spreading or mixing topsoil on the mine surface 
is one way to introduce these organisms into the minesoil. 
Where used as a mulch or soil amendment, bark that has 
had contact with soil is another probable source for the 
introduction of fungal spores into the minesoil. Spores 
of the endomycorrhizal fungi also can be spread through 
feces of soil-inhabiting rodents, such as field mice and 
voles. Thus, a vegetative cover that provides habitat for 
these rodents contributes indirectly to the spread of en- 
domycorrhizal fungal spores that subsequently aid plant 
growth and natural plant succession. 

Many of the microbial populations that are important 
and necessary in the decomposition and nutrient-cycling 
functions of ecosystems are introduced effectively with 
composted organic materials. 

Irrigation 

In dry regions, irrigation may be required for the estab- 
lishment of vegetation. For most revegetation situations, 
this should be considered only as a temporary measure. 
The established plant community eventually will be re- 
quired to persist in the absence of irrigation. 

Irrigation may be a valid consideration where: 
It is essential to meet water requirement of plants. 
The mined area receives less than 10 inches of precipi- 
tation per year. 
Acquired water rights allow use of sufficient water for 
irrigation on the site. 
On-site water is available, inexpensive, and without 
encumbrance from local regulations in areas receiv- 
ing more than 10 inches of precipitation yearly. 

Information available on requirements for irrigation of 
agricultural soils may or may not apply directly to 

Table 4. Watering regimes on minesoils, Navajo Mine, 
New Mexico. 

Minesoil type Duration Frequency Total Amount 
(hours) Applied 

Light clay 8 Every other day 12 inches the first 
content year; 2 inches the 

second year; none 
thereafter 

Medium clay 6 Every 6th day 12 inches the first 
content year; 2 inches the 

second year; none 
thereafter 

Heavy clay 4 Every other day 12 inches the first 
content year; 2 inches the 

second year; none 
thereafter 

(System used: Laterals set 40 feet apart, with sprinkler heads 
40 feet on the laterals; pressure-regulating valves aided in 
delivering about 1.8 gallmin-an application rate of 0.08 
inchthr) 

From: USDA Forest Service, 1979. 

minesoils. It is known that the rate at which water can 
be applied is directly related to the permeability of the 
minesoil. Permeability is influenced by soil texture, 
especially clay content, by organic-matter content, and 
compaction. Water infiltrates sandy soils and soils high 
in organic matter more readily than clay soils and soils 
low in organic-matter. Sandv soils also have less water " 
retention capacity than clay soils. Soil compaction 
reduces both infiltration rates and retention capacity. 

There is little published information on watering re- 
gimes for mine soils and spoils. An example of watering 
regimes used on a surface mine in the West is given in 
Table 4. This example highlights the influence of clay con- 
tent of the minesoil on water intake and retention. The 
heavy clay minesoils have a clay content of 50 percent or 
more, medium clay soils have 35 to 50 percent clay, and 
light clay soils less than 35 percent. 

Density of plant cover will dictate how much water must 
be applied. Native plants in arid zones may be spaced 
widelv under natural conditions as a conseauence of root 
competition for water. Some ecologists argue that a simi- 
lar spacing of similar species is adequate for reclaimed 
lands, while others argue that greater vegetation cover 
should be established and required due to the opportunity 
to create soils with greater water-holding capacity as part 
of the reclamation process. The dispute is not resolved. 
Regulatory requirements tend to make the question moot. 

Water requirements of species must be considered in 
some cases. Seed of some warm season grasses, for ex- 
ample, require several days of water for germination. Three 
to four weeks later when a secondary-root growth phase 
starts, the plants need additional water to support root 
growth that may be at a rate of '/z inch per day. 

Two methods of irrigation, sprinkler and drip, are most 
frequently used in revegetating surface mines. Available 
water, water quality, soil conditions, labor requirements 
and costs, and need to minimize evaporation are some fac- 
tors to consider when choosine between the two methods. " 
Table 5 summarizes some advantages and disadvantages 
of each method. 

Water Harvesting 

Water harvesting is the practice of collecting runoff water 
from an area of land surface and concentrating it in a zone 
for growing plants. This practice may be useful where lack 
of precipitation is the major limiting factor to revegetation, 
and where irrigation water is scarce or irrigation is imprac- 
tical. It is an appropriate practice especially in areas 
receiving less than 15 inches of precipitation per year. 
Snow and rain are collected by water harvesting and this 
can result in 2 to 3 times more biomass production in areas 
where water is collected than in areas where it is not 
collected. 

The size of the area needed for collecting water depends 
on the amount, timing, and intensity of precipitation, soil 
permeability, and slope angle. Where precipitation is 
typically of high intensity and short duration, small col- 
lection areas will be needed because runoff will be sub- 
stantial. Soils with low infiltration rates will dictate 
smaller sizes of catchment areas. The ratio of the collec- 



tion area to the plant-growing zone area may be as high 
as 30:l on some soils in some regions, but 3:l to 6:l is 
more typical on surface mines. Where pools of water form 
or gullies originate in the vegetation infiltration zones, the 
water-collection area may be too large. Accumulated 
moisture should readily soak into the plant-growing zone. 
The accumulation of salts is one potential problem on 
minesoils high in salinity. 

Pitting, gouging, and contouring are acceptable methods 
for use on mined lands. The object of these methods is 
to increase runoff from the water-collecting zone and in- 
crease infiltration in the plant-growing zone. Long water- 
collection beds usually work satisfactorily only in flat 
terrain. 

Soil sealers such as paraffin, silicone emulsion, and 
polyvinyl acetate have been used to slow infiltration in col- 
lection zones. Characteristics of the soils will determine 
whether such sealers should be used. A chemical sealer 
may be helpful in sandy soils. Sodic, clayey soils are self- 
sealing and chemical treatment is unnecessary. Mulches 
also may aid water harvesting by increasing infiltration and 
reducing evaporation in the plant-growing zone. 

Disk plows have been used to prepare furrows or con- 
tour trenches for harvesting water on slopes. The contours 
should be spaced no more than 10 feet apart on slopes ex- 
ceeding 15 percent. Furrows 1 foot deep and 15 inches 
wide are recommended. Large, multidisk plows can be 
used if every other disk blade is removed, and the largest 
possible disks are used. Construction of contour trenches 
on minesoils that tend to settle or are subject to piping 
may result in slope failure or increased erosion due to con- 
centration of water. 

Seeding Practices 

Herbaceous species usually are established from seed; 
a few species of trees and shrubs, too, can be established 
successfully by seeding. Although proper selection of 
species is important, an equally important factor influenc- 
ing the success of revegetation is adherence to the ap- 
propriate principles and practices of site and surface 
preparation and seeding. 

Site and Seedbed Preparation 

A suitable seedbed is required for the successful estab- 
lishment of seeded vegetation. A suitable seedbed is one 
that provides microsites and conditions favorable for seed 
germination and seedling growth. An example of this is 
sometimes seen on mined areas where seeded vegetation 
is established in depressions left by tracks of crawler trac- 
tors, but few plants are found between depressions. 

Broadcast seedings made on the surface in late winter 
and early spring sometimes are successful without 
mechanical preparation of a seedbed because the seed are 
"planted by the alternate freezing and thawing (frost heav- 
ing) of the soil. Frequently, though, preparing a seedbed 
by mechanical tillage or scarification is required to break 
up crusted or compacted surfaces. 

The final grading of resoiled areas is a form of surface 
preparation that may provide a suitable seedbed if the 

Table 5. Advantages and disadvantages of drip and sprin- 
kler irrigation systems. 

Irrigation Advantage Disadvantage Comment 
System 

Dri~ Uses l/3 less Water with high Also called - 
water levels of trickle irrigation 

sediment will 
clog the lines Plant densities 
unless well will be less; 
filtered this can be a 

disadvantage 

Evaporation is With water high Adequate filtering 
minimal in salt, deposits system crucial 

of salt can build 
up around the 
emitter openings 

Amounts of Needs more Quality of water 
water can be maintenance than (sediment, salin- 
placed directly a sprinkler to ity) a factor 
where wanted check filtering 

system 

Especially useful Labor intensive Three types of 
on steep slopes, emitters: spitter 
under power Less easy to move (puts out a spray); 
lines, (because it single (puts 
is safer) between Shorter life span small in local 
buildings, on than sprinkler place); and 
critical areas system bi-wall (plastic 

tubing with pin- 
pick opening to 
emit water) 

Moves salts away Higher costs than A portable drip 
from plant roots sprinkler system using a 

500-gallon tank 
has been devel- 
oped by the 
Rocky Mountain 
Forest and Range 
Experiment Sta- 
tion, Albuquer- 
que, NM 

Sprinkler Less Filtering More evaporation Choose between 
needed will occur solid set or 

movable 

Less expensive Need larger High plant den- 
than drip water supply sities possible 

Less labor Frequency of 
intensive application 

higher than drip 

Longer life 

Easier to move, 
more flexible 

From: USDA Forest Service, 1979. 



seeding is done immediately on the newly graded surface. 
Some grading practices, however, produce surfaces that 
are detrimental to vegetation establishment. Grading dry 
materials to a very fine or smooth finish may produce sur- 
face conditions where there is little or no microtopograph- 
ic relief or microclimatic modification to protect and 
enhance survival of the newly sprouted plants. Grading 
minesoils when they are wet may result in a compacted 
or crusted surface similar to that of pavement. Revegeta- 
tion problems are more likely to result from excessive 
grading and "overworking" minesoils than from minimal 
grading and tillage. 

Earth materials that contain a relatively high content of 
clay and silt, such as some topsoils, subsoils, and parent 
material used to cover mine spoils, are especially suscept- 
ible to compaction by earth-moving and other equipment. 
The growth of plants, especially trees, is adversely affected 
in such compacted soil conditions. This adverse effect on 
tree growth has persisted for more than 30 years on some 

Figure 4. Subsoiler. 

Figure 5. Chisel plow for preparing a seedbed or incor- 
porating lime. 

graded mined sites in the Midwest. Conversely, in 
minesoils where coarse particles predominated, grading 
was beneficial to plant establishment and growth. 

A number of implements can be used to ameliorate com- 
paction caused by earth-moving and grading equipment. 
For primary tillage on compacted minesoils, deep rippers 
pulled by large bulldozers are very effective. These can 
rip heavy and rocky minesoils to a depth of 3 feet. Deep 
ripping may be most useful wherever minesoils have been 
placed with a pan scraper. Deep ripping is not advised 
where it will bring highly acid or alkaline materials to the 
surface. Avoid deep ripping on slopes where rapid in- 
filtration of water will create an unstable mass prone to 
slippage and landslides. Standards (teeth) on the ripper 
should be placed a distance apart approximately equal to 
the depth to be ripped. Minesoils always should be ripped 
on the contour, and only when relatively dry. Wet soils 
may reseal quickly because the ripper will make only a 
thin slit through wet material. Also, heavy equipment 
traveling over ripped areas on wet soil may cause reseal- 
ing of the slits. 

Subsoilers, originally designed for renovation of agricul- 
tural lands with deep clay pans, may be useful on some 
relatively stone free minesoils (Figure 4). Subsoilers differ 
from rippers in that they have less tendency to bring 
materials to the surface or mix soil horizons. The largest 
subsoilers can rip to a %foot depth, but shallow ripping 
(12 to 18 inches deep) is more common. Avoid subsoil- 
ing where it will penetrate into sandy or other pervious 
layers in which water tables will drop rapidly during 
drought. 

Several implements are useful for shallow ripping and 
breaking up surface compaction. Chisel plows have 
several arms with chisel points that can rip to a depth of 
12 inches. The arms operate against a heavy spring that 
allows them to ride over large surface and subsurface rocks 
(Figure 5). Small to medium-size rocks, though, may be 
pulled to the surface and these may interfere with 
machinery operation in some postmining land uses. Chisel 
points can be expected to wear rapidly and require frequent 
replacing in stony materials, especially in sandstones. 
Chisel p lows leave a seedbed smooth enough to accomo- 
date diill seeders pulled by farm tracto&, and rough 
enough to catch broadcasted seed and trap moisture and 
runoff water. Chisel plows will break compacted layers 
that are impenetrable by disks. Chisel plowing is one of 
the most useful tillage operations in revegetating 
minesoils. 

Disking often is used to break up surface crusting (Figure 
6). It also is used to incorporate lime and to mix an es- 
tablished surface vegetation cover into the soil. Tandem 
disks and offset disk harrows produce a mixing affect, not 
a simple inversion. They produce a good seedbed but it 
may be more susceptible to erosion than a seedbed pre- 
pared with a chisel plow. Large rocks will cause the entire 
disk or an entire section of disk to rise out of the soil, so 
it may be an impractical tool on some minesoils. 

Roller harrow-packers, known also as cultimulchers, cul- 
tipackers, corrugated rollers, or soil pulverizers, have a 
front packer that breaks up clods, harrow teeth to bring 
up more clods, and rear packers to break up the newly sur- 
faced clods. This implement pulverizers, and firms soils 



and closes air pockets, but has limitations on stony 
minesoils. The seedbed procedure is especially effective 
for preparing a seedbed to be planted with a drill. 

Spring-tooth harrows are able to work soils to a depth 
of 3 to 6 inches. They smooth the surface, break up clods, 
and close air pockets. Harrowing is useful after rippers 
have been used. The spike-tooth harrow is similar in ac- 
tion but may be somewhat less effective than the spring- 
tooth harrow. 

"Front blading" and "back blading" with a bulldozer are 
sometimes used to prepare a seedbed surface, but neither 
procedure is as effective as using implements designed for 
tillage, nor do they alleviate soil compaction. With front 
blading, the dozer tracks leave depressions that collect 
water and favor seed germination and seedling growth. 
"Tracking in" by running a dozer (with blade lifted) up 
and down slopes is one method for preparing a seedbed 
on slopes too steep for other equipment. Dragging a heavy 
chain or anchor chain, either plain or preferably one with 
spikes welded across the links, over the surface is another 
method for making a seedbed on steep slopes. This proce- 
dure requires a roadway at the top of the slope for travel 
of the prime mover. 

The intensity of tillage and surface-preparation methods 
needed at a given site will depend on type of soil, post- 
mining land use, and climate. An intensively prepared 
seedbed may be suitable for some agricultural uses on 
replaced topsoils. In other situations, minesoil tillage that 
leaves a roughened surface, such as done with one pass 
of an offset disk or chisel plow, may be preferable. Precipi- 
tation is t r a ~ ~ e d  and held more effectivelv on a roughened - 
surface thay on a smoothly prepared o6e. 

Where compatible with the planting season and where 
needed, tillage should be done as soon as possible after 
slopes are shaped and grading is completed. Unless ill- 
advised because of climatic constraints, seeding should 
follow immediately, especially broadcast seedings. If 
necessary, a temporary cover can be established that later 
can be tilled under and replaced by more desirable and 
permanent species. 

In summary, the general sequence of site preparation for 
seeding and planting is (1) rip where needed to break com- 
paction; (2) apply lime where needed; (3) disk, harrow, 
or chisel plow; (4) apply fertilizer; and ( 5 )  harrow in fer- 
tilizer where experience suggests it is necessary (in some 
cases fertilizer can be applied before step 3). 

Methods of Seeding 
Drilling and broadcasting are the two basic methods of 

planting seeds. In drilling, seeds are dropped from a con- 
tainer mounted on an implement called a drill into holes 
or furrows formed by that implement; the seeds are im- 
mediately covered with soil (Figure 7). Broadcasting scat- 
ters seeds on the ground surface where they may or may 
not be covered later by mechanical operations or by natural 
sloughing of the soil. Broadcasting includes hydroseed- 
ing and aerial seeding, and sometimes is done by hand 
on small areas (Figure 8). 

Drilling is considered the superior method of seeding 
where site and soil conditions permit. It controls rate of 
seeding, distributes seed uniformly, and assures that seed 
is covered to the proper depth for germination and estab- 

Figure 6. Offket disk harrow for preparing the seedbed or 
incorporating lime. (Photo courtesy of Rome Industries) 

Figure 7. The rangeland drill. 

lishment. Some drills have packer wheels that firm the 
soil over the seeds. Adequate coverage of broadcasted seed 
may be uncertain unless followed by some form of 
mechanical treatment. Where the seedbed was tilled re- 
cently and is loose, natural sloughing of soil may cover 
most of the seed. But adequate or timely coverage by 
natural sloughing is not always reliable, particularly in 
arid climates. Seeds left uncovered may germinate on the 
soil surface when moisture and temperature conditions 
are favorable, but later die when these conditions become 
unfavorable for continued seedling growth. Uncovered 
seeds also may be pilfered more readily by birds and small 
mammals. To compensate for these anticipated losses, 
more seed is used in broadcast seeding than in drilling. 
However, equipment costs and time requirements gener- 
ally are greater for drill seeding. One exception may be 
where seed is broadcast with a hydroseeder. 

Drills. Seeding with drills is limited to sites that can be 
traversed with equipment normally used on farms and 
rangelands. It is advisable to operate drills primarily on 
the contour because the furrows formed by the drill will 
help trap precipitation and reduce runoff and erosion, 
whereas furrows up and down slope can accelerate ero- 
sion. On slopes too steep to drill on contour, broadcast 
seeding is a logical alternative. 



Several types of drills are on the market, any one of 
which may be suitable for a particular situation. However, 
some are generally more suitable than others for mined- 
land reclamation. The selection of a specific drill may 
depend mainly on its capability to perform the necessary 
seeding task on the site and soil conditions present. For 
example, use of standard farm-type grain and grassland 
drills may be limited to topsoiled sites relatively free of 
stones and debris; whereas the rangeland drill (Figure 7), 
seeder-cultipacker drill, and several others are more 
rugged and better choices for seeding in rough terrain and 
stony soils. Some drills are designed to handle light, 
chaffy or fluffy seeds that will not feed through the meter- 
ing mechanism on most standard drills. A problem may 
develop in finding one drill capable of satisfying several 
special requirements. 

Broadcast Seeders. Seed may be broadcast by several 
types of seeders, including centrifugal-type broadcasters, 
field distributors, hydroseeders, fan or air-blast seeders, 
and by aircraft. 

The centrifugal-type broadcaster, also called end gate 
seeder, provides an economical way of broadcasting most 
kinds of seeds as well as granular and pelleted fertilizers. 
These seeders are available in a variety of sizes and ca- 
~acities and have an effective s~readine width of 20 to 40 

.T.IIL.- teet, depending on the phvsicafcharactiristic of the seeds. 
~ o d e l s -  that mount on-a iractor or truck and larger pull- 
type models are available. Small hand-operated models 
are useful on small areas unreachable by mechanized 
equipment. 

Hydroseeders broadcast seed in a high-pressure stream 
of water (Figure 9). Fertilizer and mulch also can be mixed 
with the water and seed and applied at the same time. The 
hydroseeder is especially useful for seeding steep slopes 
and highwalls that cannot be reached with other types of 
seeders. It is less efficient than centrifugal-type seeders 
on areas where the latter can be used. Some potential dis- 
advantages of the hydroseeder are that a source of water 
must be available near the seeding job, and a considera- 
ble amount of time is required to fill the tank with water. 
Where mulch is added to the seed-water mix, only a rela- 
tively small area can be covered with each tankful. The 
agitation system in some types of hydroseeders will 
damage seeds of some species. On the other hand, the 
germination potential of seeds with hard coats may be en- 
hanced by scarification caused by the agitator system. 

A field distributor is an implement similar in appear- 
ance to a drill, but it does not have furrow openers or seed- 
covering attachments. It has metered openings along the 
full length of the seed box from which seeds fall to the 
ground. 

Fan or air-blast seeders use forced air to blow seed or 
fertilizer onto the target area. These would be useful 
mainly on smaller steep sloping areas that cannot be 
covered with centrifugal-type seeders. 

Aircraft seeding is especially useful on large areas and 
on sites where the terrain is inaccessible or too rough to 
use land-going equipment. Seeding by aircraft requires 
a power-driven, seed-metering device for dis~ensine, seed 

Figure 8. (Top) Hand-operated rotary spreader, (middle) because hoppers that dispense by gravity usually ire in- 
rotary spreader, (bottom) oscillating pendulum spreader. adequate. Both fixed-wing and helicopter aircraft can be 
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used. Helicopters are particularly effective because the 
downward rotorwash blows seed into cracks, under the 
edges of rocks, debris, etc., where the microclimate may 
be better for germination and establishment. With large 
seed, such as acorns, seed shatter may occur. Aerial seed- 
ing requires considerable ground-support equipment and 
personnel, and is subject to delay when strong winds will 
cause uneven seed distribution. 

It is important to remember that success with broadcast 
seeding, by whatever means, is largely dependent on a 
suitable seedbed and may be further enhanced by efforts 
to cover the seed mechanically after broadcasting. 

Time of Seeding 

The time to seed or plant is influenced by such factors 
as climate and seasonal weather patterns, seasonal growth 
patterns and moisture requirements of the planted species, 
completion of mining and surface preparation, soil dry 
enough to allow use of equipment, and potential for frost 
heaving and erosion. Usually, the best times for planting 
precede or coincide with periods of precipitation that are 
of sufficient duration to allow the planted vegetation to 
become established. Revegetation usually is more success- 
ful where final shaping of the mined land is timed to 
coincide with seasons most conducive to planting and 
seeding. These seasons may vary somewhat in different 
regions of the country. It is advisable to obtain this infor- 
mation from local agricultural agencies and other knowl- 
edgeable sources. 

Seed Quality 

The use of high-quality seed that has been tested and 
tagged properly will help ensure the successful establish- 
ment of vegetative cover. Seed quality can be determined 
from information listed on the seed tag (Figure 10). Two 
of the values listed on the seed tag-pure seed and germi- 
nation percentage-are used to determine pure live seed 
(PLS). Pure live seed is useful for figuring proper seed- 
ing rates and the real cost of seed. 

To calculate PLS, multiply the percent of pure crop seed 
by the germination percentage and divide by 100. For ex- 
ample, if a batch of seed contains 95 percent pure seed 
and has 80 percent germination, the percentage of pure 
live seed (PLS) is 76; (95 x 80) t 100 = 76 percent. This 
means that in a quantity of seed weighing 100 pounds, 
only 76 pounds have the potential to germinate. 

When purchasing seed, comparative pricing should be 
based on PLS. This is especially important when buying 
species that inherently differ in purity and germination 
between seed lots. To determine the cost per 100 pounds 
of PLS, divide the cost per 100 pounds by the percent PLS 
and multiply by 100. For example: Lot A of fescue seed 
costs $35 per 100 pounds and has 89 percent PLS; ($35 
+ 89) x 100 = $39.33, the cost per 100 pounds of PLS. 
Lot B of fescue seed costs $31 per 100 pounds but has only 
68.4 percent PLS; ($31 + 68.4) x 100 = $45.32 per 100 
pounds of PLS. Although its bulk price was less, seed Lot 
B actually costs more than Lot A for an equal amount of 
PLS. 

Other items that describe seed quality, such as the per- 

Figure 9. The hydroseeder. 

/ KY. 31 FESCUE 

LOT 630 TESTED 3-79 

NET WT 50 LBS. GROWN MO. 

0 PURITY 98.00 

CROP 1.10 GERM 85 

\ INERT .80 NOX PER LB. NONE 

Figure 10. Seed tag. 

centage in weight of weed seed and the name and num- 
ber per pound of noxious weed seed, are listed on the seed 
tag. The presence of certain noxious weed seed may be 
so potentially harmful that high germination would not 
be the most important consideration in seed quality. The 
date of test also should be noted to be sure that the seed 
germination has been tested recently. 

Using seed of unknown quality presents an added risk 
in establishing vegetation. However, this may be neces- 
sary and justified where locally collected seed of native 
plants are added to the seeding mixture to increase species 
diversity. Do not depend on seed of unknown quality to 
be the major contributor to a stand of vegetation, particu- 
larly where the vegetational cover is essential for controll- 
ing erosion. 

Seeding Rates 

Seeding rates recommended in this handbook are ex- 
pressed in pounds per acre PLS. The use of PLS seeding 
rates rather than bulk seeding rates will ensure that an ade- 



quate amount of viable seed is sown. This is especially 
important for proper seeding of species, such as some of 
the native grasses, that often have relatively low purity and 
germination. Seed often is priced on the basis of bulk 
weight, though many dealers now price seed on a PLS 
basis. In the latter case, simply purchase the needed 
amount of PLS. Where necessary to calculate the amount 
of bulk seed needed to meet the recommended PLS rate 
of seeding, divide the recommended PLS seeding rate by 
the percent PLS of the seed to be purchased and multiply 
by 100. For example, if a batch of switchgrass seed has 
60 percent PLS, and the recommended PLS seeding rate 
is 12 lblacre, then (12 + 60) x 100 = 20 lblacre bulk seed- 
ing rate. Obviously, if only 12 pounds of switchgrass seed 
were sown, not nearly enough viable seed would have 
been sown to meet the seeding recommendations. 

The PLS seeding rates suggested here usually are suffi- 
cient for vegetating minesoils that have properly prepared 
seedbeds and are adequately fertilized, limed, and 
mulched. Sowing additional seed seldom compensates 
for failure to prepare a seedbed or apply needed amend- 
ments. Seeding at too high a rate can cause seedling com- 
petition and result in a reduced stand, especially in drier 
environmental and climatic situations and in well- 
prepared seedbeds. In seed mixtures of herbaceous spe- 
cies, the temporary species especially should not be sown 
in excess of recommended rates because they may retard 
or prevent establishment of the permanent species. In sit- 
uations where temporary species are sown alone for grow- 
ing mulch in place, the use of additional seed may be 
justified. 

Inoculation of Legume Seed 

Seed of herbaceous legumes should be inoculated with 
the appropriate strain of rhizobia. The value of inoculat- 
ing seed of leguminous shrubs and trees is uncertain 
because some of these species have been established suc- 
cessfully from noninoculated seed. Inoculants are com- 
mercially available for most species of herbaceous 
legumes; however, for some of the woody legumes and less 
common or seldom used herbaceous legumes, inoculum 
must be specially prepared by the manufacturer. 

There are several methods of inoculating seed. For dry 
seeding, the inoculant can be mixed with lightly 
moistened seed just before sowing. The inoculant should 
be applied generously-using even more than that recom- 
mended by the manufacturer. Moistening seed with a 
"sticker" such as sugar mixed with water, molasses, or syn- 
thetic gums helps bind the inoculum to the seed and ex- 
tends longevity of the rhizobia. Soil implant inoculants 
are available whereby the rhizobia is placed in the soil in- 
stead of on the seed. Preinoculated legume seed can be 
purchased from some seed dealers. Reported success of 
implants and preinoculated seed is varied. 

When seeding with a hydroseeder, the inoculant is ad- 
ded to the slurry just before it is spread. If the slurry in- 
cludes fertilizer, the inoculating bacteria may be killed by 
high acidity (low pH) caused by the fertilizer. To reduce 
loss of the bacteria, the slurry pH should be kept above 
5.0 and spread as soon as possible after mixing. Where 
slurry pH is below 5.0, hydrated lime can be added at 100 

pounds for each 1,000 gallons of water to lessen the effect 
of the acidity. For hydroseeding, inoculants should be ad- 
ded at double the amount recommended for dry seeding. 

Commercial inoculants are stamped with an expiration 
date because the viability period of the packaged rhizo- 
bia is limited. Inoculant with an expired date should not 
be used. The environment in which inoculant is stored 
also affects its viability. High temperatures will destroy 
it, so beware of buying and using inoculant stored or dis- 
played in abnormally warm places such as in attics or next 
to stoves. Inoculant should be kept in a cool place. Par- 
tially used packages should be resealed tightly. Use in- 
oculant only on the legume species for which it is 
specified. 

Planting Woody Species 

The establishment of woody species is important to fore- 
stry and wildlife-habitat land uses. Given sufficient time, 
woody species often will become established by natural 
secondary succession, especially in humid regions where 
the native vegetation is forest. However, the establishment 
of forests with commercial value may be extremely slow 
by natural processes. Artificial planting of trees and 
shrubs may be the surest way to establish fully stocked 
stands of desired species, especially trees for commercial 
harvest. On the other hand, the early and intermediate 
stages of natural succession may be desired because they 
provide habitats for a variety of wildlife species. 

In most of the coal-mining areas of the Western Region, 
trees are a small component of the natural vegetation and 
sometimes are planted mainly to impart an esthetic value 
to the landscape. Shrubs more often are desired and plant- 
ed because they are an important component of some 
vegetational types and provide habitat and forage to wild- 
life and domestic livestock. 

Woody species most often are established by planting 
bare-root seedling grown in nurseries or seedlings grown 
in containers in greenhouses. A few species of shrubs and 
trees can be established successfully by direct seeding and 
from cuttings. Transplanting individual plants or clumps 
from the wild (wildings) to another site may be useful for 
certain situations, such as for establishing species that are 
difficult to start from seed or that produce poor seed crops. 

Factors that influence the success of planting and that 
can be controlled by the reclamation manager or techni- 
cian include the (1) quality of planting stock, (2) care of 
planting stock, (3) method of planting, (4) time of plant- 
ing, (5) competition from herbaceous vegetation, and (6) 
soil compaction. Heeding and using proper establishment 
procedures is as important as selecting the appropriate 
plant species. 

Nursery-Grown Seedlings 

Bare-root or nursery-grown stock usually is grown in 
nursery beds for 1 to several years. After that, the plants 
are lifted while dormant, the soil shaken from their roots, 
and the plants packaged for cold storage or for immediate 
shipment to the buyer. Bare-root seedlings are easier to 
handle, ship, store, and plant than container-grown plants. 



Most native and introduced trees and shrubs can be grown 
and planted as nursery stock. 

Nursery-grown planting stock often is defined in terms 
of age such as 1-0, 2-0, 2-1, and so on. A 1-0 seedling is 
produced in 1 year, lifted from the seedbed, and is ready 
for immediate planting in the field. A 2-0 seedling is left 
in the seedbed for 2 years. A 2-1 seedling is grown for 
2 years in the seedbed, then transplanted and grown 1 year 
in a transplant bed before it is lifted for field planting. The 
sum of the two numbers is the age of the seedlings. 

Plantable stock of many of the suitable species is 
produced in 1 year. However, the size of planting stock 
can vary because of different practices among nurseries 
and with different seasons in the same nursery. The qual- 
ity of planting stock should be judged mainly by the size 
and balance of the seedlings rather than solely by age. 
Stem diameter and length and weight of roots in relation 
to length and weight of tops generally are considered the 
best criteria for judging stock quality. Root and top prun- 
ing, a practice for adapting seedling size to different 
methods of planting, also affects stock quality. 

Generally, larger stem diameters (within limits) mean 
better survival of seedlings. For seedlings of most conifers 
and hardwoods, a minimum stem diameter of 0.1 to 0.15 
inch (2.5 to 4 mm) is recommended. The maximum stem 
diameter for planting is limited or determined by the 
length and spread of roots that can be accommodated by 
the method of planting. For most planting jobs, roots are 
pruned to standard lengths, usually 6 to 8 inches, to ac- 
commodate planting with planting bars and mattocks. If 
the diameter and length of top are excessive in proportion 
to the length of pruned roots, an imbalance in the physio- 
logical processes of the seedling could greatly decrease 
its chances for survival. Seedlings of most hardwoods can 
be top pruned with no significant effect on survival. Top 
pruning can facilitate packing, shipping, and handling of 
hardwood seedlings. Top pruning is not advised for 
conifers. 

Planting-stock standards for the Central States Region 
were developed by the USDA Forest Service for tree spe- 
cies commonly planted on mined lands (Tables 6-7). For 
conifers, the standards are based on stem diameters (at the 
ground line) and the relation of top lengths to root lengths 
after pruning. For shortleaf pine, for example, the recom- 
mended minimum stem diameter is 0.15 inch; if roots are 
pruned to 6-inch lengths, the tops should be longer than 
two-thirds the length of the roots (4 inches) and shorter 
than 8 inches. For hardwoods, the standards are based on 
stem diameters only; maximum stem diameters are pre- 
scribed only if roots are pruned to lengths of 8 inches or 
less. 

Selection and use of planting stock inoculated with the 
appropriate mycorrhizal associates is another factor to con- 
sider. The species of mycorrhizal fungi normally present 
in nursery beds may not be adapted to the inhospitable 
environment of minesoils. In addition, fumigation and 
fertilization practices used in many nurseries were found 
to retard or inhibit development of the beneficial fungi. 
As additional knowledge is gained about the mycorrhizal 
fungi and other beneficial microorganisms, nurseries will 
have opportunity to develop or adapt techniques for in- 
oculating and producing planting stock with the mycor- 

rhizal species that are most beneficial for best survival and 
growth of seedlings on mined areas. 

Container-Grown Planting Stock 

Plants grown in containers have some advantages over 
bare-root stock for planting on harsh sites and in areas of 
low or erratic precipitation. Container stock usually can 
be grown more quickly by suppliers and can be available 
for planting in seasons when bare-root stock is unavaila- 
ble. Root systems of container stock are better formed, not 
subjected to the shock of lifting and pruning, and are bet- 
ter protected during transplanting than those of bare-root 
seedlings (Figure 11). For some species, survival is near- 
ly always better for container than for bare-root stock. 

Disadvantages of container plants include higher pro- 
duction costs, bulky and awkward handling, and proper 
storage facilities and daily care required to maintain them 
from time of delivery until field planting is completed. 
Although bare-root stock is nearly always less costly to 

Table 6. Planting stock standards for hardwoods planted 
on surface-mined land in the Central States.* 

Stem Diameter at Ground Line 
Maximum 

Minimum (For roots pruned to 
8 inches or less) 

Inches 
Maple, silver 0.15 0.40 
Ash, green and white 0.10 0.35 
Walnut, black 0.20 0.35 
Sweetgum 0.15 0.40 
Tulip poplar 0.25 0.35 
Osage-orange 0.15 0.40 
Sycamore 0.10 0.35 
Cottonwood 0.15 0.40 
Oak; bur, northern red, 0.15 0.40 

and chestnut 
*From Limstrom, G. A., 1960. 

Table 7. Planting-stock standards for conifers planted 
on surface-mined land in the Central States.* 

Allowable Range in Length 
of Tops 

Minimum For Roots 
Diameter For Roots Pruned No 

of Stem at Pruned to Shorter than 
S~ec ies  Ground Line 6 Inches 8 Inches 

Eastern redcedar 
Jack pine 
Shortleaf pine 
Red pine 
Pitch pine 
Eastern white pine 
Loblolly pine 
Virginia pine 

Inches - 

*From Limstron, G. A., 1960. 



grow and handle, the better survival rate of container- 
grown plants of some species will economically justify 
using container plants of those species. 

Container-grown seedlings are more often used for plant- 
ing on mined lands in the Western Coal Region than in 
eastern regions. But, even in the East, container seedlings 
have been used to extend the planting season into late 
spring and early summer. In a test in Tennessee, 
container-grown seedlings planted on July 1 had 87 per- 
cent survival, whereas bare-root stock that had been kept 
in refrigeration had 3 percent survival. In other plantings 
made in the usual early-spring planting season, survival 
of container-grown tree seedlings was no better than sur- 
vival of bare-root seedlings. 

Not all containers are suitable for mined-land plantings. 
Tube containers made of plastic, for example, are more sus- 
ceptible to frost heaving than peat pot and peat-pellet con- 
tainers. For planting in arid regions, tube containers at 
least 10 inches, and preferably 24 inches long, and 2 to 
3 inches in diameter provide the seedlings a better chance 
for survival than shorter and smaller containers. 

Planting Methods 

Irrespective of the method of planting, bare-root stock 
should be protected from exposure to sun, heat, and dry- 

Figure 11. Lobolly pine seedlings grown in three types 
of continers: (A) a biodegradeable plastic tube, (3) a peat 
moss vermiculite molded block, and (C) a plug from 
Styroblock 2. 

Planting with a Dibble 

1 lnsen dlbble at angle 

shown and push toward 

to upr~ght posltlon 

4. Pull handle of dlbble 

toward planter flrrn~ng 

so11 at bottom of roots 

7 Push forward then 

pull backward fdlmg 
hole 

2. Remove dlbble and 

place seedllng at correct 

depth 

5. Push handle of dlbble 
forward from planter 

firming so11 at top of 

roots 

8. Fill In last hole by 

stamplng wlth heel 

3 Insert dlbble 2 Inches 

toward planter from 

seedlmg. 

6 lnsen dlbble 2 Inches 

from last hole 

9. Flrm so11 around 

seedllng wlth feet 

Figure 12. Planting tree and shrub seedlings with a 
dibble (redrawn with permission from John Wiley & Sons, 
Inc. and Alabama State Forester). 

ing during shipment and delivery to the planting site. 
Seedings should be planted as soon as possible. If neces- 
sary to keep stock several days before planting, moisten 
unopened bundles and store in a cool, shaded place. For 
seedlings that cannot be planted within 2 weeks after 
delivery, the bundles should be opened, inspected, 
moistened, and "heeled in" or placed in cold storage at 
340 to 38°F. Stock of most species can be held safely in 
cold storage for at least 3 to 4 weeks. 

Containerized plants produced in a greenhouse must be 
"hardened off' before planting to enable them to resist 
cold, heat, or desiccation after planting. To accomplish 
this, the plants can be taken from the greenhouse and 
placed for 2 to 3 weeks in a sheltered outdoor location 
where they are exposed to cooler or warmer temperatures, 
depending on the season, and less watering and then 
planted directly on the mine site. Or they can be hardened 
off, placed in refrigeration at 4 3 O F ,  and planted at a later 
date. Once the plants are delivered to the field site, they 
need proper storage and watering facilities, and daily care 
until field planting is completed. Irrigation may then be 



needed in arid climates to help establish the plants. 
Bare-root seedlings of trees and shrubs can be planted 

by hand or by planting machines. With hand planting, 
a planting bar (dibble) or mattock (planting hoe) are most 
often used to make the holes (Figures 12-13). The plant- 
ing bar is a better choice for stony or compacted minesoils. 
Seedlings should be planted to the same depth at which 
they were growing in the nursery and the soil pressed firm- 
ly around the planted seedling. The planting hole should 
be large and deep enough so that the seedling roots can 
be spread out and not bunched or doubled under (J- 
rooted). Seedlings so planted may survive for several 
years, but inadequate or deformed root systems will de- 
velop that may cause trees to die or fall over well before 
a usable size is reached. 

While planting, seedlings must be kept moist in a can- 
vas planting bag or in a bucket containing enough water 
to cover the roots (Figure 14). Tree roots exposed to direct 
sunlight or drying can be damaged or killed quickly. Seed- 
ling roots are sometimes coated with kaolin clay to retard 
root drying while planting. To make the coating, mix 100 
pounds of kaolin clay in 25 gallons of water. Dip the roots 
in the clay slurry. Planting trays or buckets, but not plant- 

Planting with a Mattock 

1. Insert mattock, lift 
handle and pull. 

3. Fill in and pack soil 
to bottom of roots. 

2. Place seedling along 
stralght side at correct 
depth 

4. Finish filling In soil 
and firm with heel. 

5. F~rm around 
seedling with feet. 

Figure 13. Planting tree and shrub seedlings with a mat- 
tock (redrawn with permission from John Wiley & Sons, 
Inc. and Alabama State Forester). 

Heeling In 

1. Dig V-shaped trench 2. Break bundles and 
in moist shady place. spread out evenly 

3. Fdl in loose sod and 4. Complete filling In 
water well. soil and firm with feet. 

I Handling Seedlings I 

Correct Incorrect 
In canvas planting bag In bucket with sufficient In hand, roots dry out. 

w~th moist peat at bottom. water to m r  roots. 

Figure 14. Methods of handling seedlings before plant- 
ing (redrawn with permission from John Wiley & Sons, 
Inc. and Alabama State Forester). 

ing bags, are recommended for carrying coated seedlings. 
Holes for hand planting container-grown stock can be 

made with mattocks and planting spades, but specially 
designed plug dibbles and planting tubes that punch holes 
the size of the seedling container usually are more con- 
venient and efficient to use. A hand-held power auger also 
functions well for digging holes for container and bare- 
root seedlings except in stony and heavy clay soils. 

Planting by hand is necessary on steep slopes, small 
areas, and where surface shaping and site preparation 
treatments would be damaged and made ineffective by 
machine planters. Hand planting usually is done with 
crews of a few to several planters. For larger crews, at least 
one person should be responsible for caring for planting 
stock and distributing it to the planters. On steep slopes 
where rocks can roll or slide, no planter should work 
directly below another. 

Tractor-drawn, mechanized planters are useful for plant- 
ing bare-root seedlings on large, relatively level areas that 
are reasonably free of stones (Figure 15). Usually, 15 to 
20 percent is the safe maximum slope for machine plant- 
ing on contour. For safety, steeper slopes, up to 30 percent, 
should be planted up and down slope; however, furrows 
running up and down slope can create channels for initiat- 
ing gully erosion. Care should be taken that the machine 
covers the furrow sufficiently and packs soil around the 
seedling roots. It is desirable to have someone follow the 
machine and tamp around loosely packed seedlings. 



The mechanized tube planter is a specially designed im- 
plement that automatically augers holes and plants 
24-inch-long containerized seedlings. Competing vege- 
tation is scalped from around the hole and soil is firmed 
around the planted seedling as part of the operation. The 
planter is expensive and the seedlings it plants are more 
costly to grow than seedlings of more conventional size. 

Trees as large as 10 inches in diameter can be transplant- 
ed from the wild to mined areas with a tree spade. The 
root ball must contain enough of the tree's roots to enable 
it to survive and become reestablished at the new site. 
Transplanting with tree spades is costly and probably is 
warranted only for planting species that are otherwise 
difficult to establish, or to achieve immediate stocking or 
a landscaping effect with older and mature plants. 

Front-end loaders with conventional buckets or with a 
specially designed bucket called a dryland sodder are used 
to transplant trees, shrubs, and pads of sod from their na- 
tive location to the reclamation site. Woody species with 
shallow or spreading root systems are better adapted than 
tap-rooted species to this method of transplanting. 

Species such as hybrid poplars and willows often are 
propagated from cuttings. A planting hole for cuttings can 
be made with the planting bar or mattock, or a pointed 
planting bar can be made from steel rod about three- 
quarters of an inch in diameter. The hole should be deep 
enough to place at least two-thirds of the cutting in the 

ground. In the East, cuttings about 10 inches long usually 
are planted, but longer ones may be needed in more arid 
areas. Cuttings should be planted before they break dor- 
mancy and the buds should point upward. 

  ired Seeding 

Direct seeding of trees and shrubs appears to be an at- 
tractive alternative to hand planting of seedlings, especial- 
ly on steep slopes. However, direct seeding on surface 
mines has been successful with relatively few species; 
even with these, results have not been consistent. Direct 
seeding of woody species is advised only where there is 
a history of reasonable success. For example, direct seed- 
ing is the principle method of planting southern pines in 
Alabama and other Southern States. But in Central and 
Northern States, success with direct seeding of any spe- 
cies of pine has been inconsistent and the practice is con- 
sidered risky. Black locust is easily established by direct 
seeding in the Appalachian and Midwestern regions. 
Direct seeding of black walnut and some oaks, particular- 
ly bur oak, has produced varied results in the Midwest; 
in a few planting trials, seeded walnut were more success- 
ful than planted seedlings. Treating seed with bird and 
rodent repellent can reduce pilferage of seed. Cold stratifi- 
cation (33" to 41°F) in a moist medium usually improves 
first-year germination of seeds of pine and some other 
species. 

Broadcast seeding on a mechanically prepared or frost- 
heaved seedbed in late winter or early spring is a com- 

e -  - 
mon method for direct seeding species with small seeds. 
A stand of more evenly spaced trees can be achieved by 
spot seeding. Row seeding machines can be used on 
minesoils that are relatively level and free of stones. Large 
seed, such as acorns and black walnut nuts, should be 
planted 1 to 3 inches deep at uniformly spaced spots. 
Where hand planted, two or three seed per spot are recom- 
mended to compensate for the nonviable seed, loss of seed, 
and mortality of young plants. A mechanical seeder capa- 
ble of planting these large seeds has been developed in 
Kentucky. 

Time of Planting 

The best time for planting woody species is just before 
the period of the most reliable precipitation. Late winter 
through early spring normally is the best time in the East 
for planting woody species. Planting can begin when the 
ground is no longer frozen and as soon as seedlings can 
be obtained from the nursery. Depending on weather con- 
ditions, the beginning date for planting may vary by as 
much as 3 weeks from one year to another. Planting of 
nursery stock usually should be terminated by May 15 in 
northern regions and by April 15 in central to southern 
regions. Planting can be extended later into the spring at 
the higher elevations than at lower elevations. 

Planting in late fall or early winter has been only par- 
tially successful, the successes occurring mainly on the 
more "ideal" planting sites. Seedlings planted in the fall 
are susceptible to frost heaving and the resultant drying 
of roots. Fall ~lant ina,  where necessarv or desirable for 

Figure 15. Mechanized seedling planter. distributing jib loads-& because of lab& shortages in the 



spring, should be restricted to minesoils least susceptible 
to frost heaving, such as those with moderate to dense 
ground cover and sandy or loose shaly loam soils. 

Planting Patterns and Spacing 

Several patterns can be chosen for planting trees and 
shrubs. 

A random mixture implies that the species are intimate- 
ly mixed and the seedlings planted with no designed or 
selected pattern for their placement. Random planting re- 
quires additional labor because it is necessary to mix the 
seedlings before giving them to the planting crews. 

In single row mixtures, one species is planted per row. 
A different species is planted in an adjacent row. In mul- 
tiple row mixtures, two or more adjacent rows are planted 
with the same species. Then, another set of two or more 
rows are planted with a different species. Rows usually 
run the full length of the area being planted. 

In block or group mixtures, one species is planted in 
a block or group composed of several rows that are of some 
predetermined length. A different species is planted in 
an adjacent block of similar or other predetermined size. 
Randomly placing small blocks or groups of single spe- 
cies most nearly simulate the pattern of reproduction in 
a natural forest. 

Where included in tree mixtures, nitrogen-fixing 
"nurse" trees and shrubs uniformly spaced throughout the 
planting probably provide the most benefit to adjacent 
crop trees. The composition of nurse trees in the mixture 
can determine their spacing arrangement. To make up 25 
percent of the mixture, plant the nurse trees in every other 
space in alternate rows. To make up one-third of the 
mixture, plant every third row to nurse species. Spacing 
patterns can be designed where nurse trees make up 20 
percent or less of the mixture, but randomly mixing them 
with the crop trees may be the easiest planting procedure. 

The spacing of planted trees and shrubs varies with 
locality, purpose of the planting, species, and requirements 
of regulatory agencies. For commercial forestry (timber 
production), ideal spacing is wide enough to postpone the 
first thinning until merchantable products can be obtained, 
and close enough to ensure good form and development. 
As a rule, conifers are planted at a slightly wider spacing 
then hardwoods. Planting 800 to 1,000 trees per acre 
usually is recommended for conservation purposes and 
for development of a productive forest. Spacing at 6 by 
7 feet (about 1,000 trees per acre) or 7 by 7 feet (about 900 
per acre) frequently is recommended for mixed hardwood 
plantings. Spacing at 7 by 8 feet is recommended for 
conifers. 

Christmas tree plantings usually are spaced 5 by 5 feet, 
or sometimes 6 by 6 feet. For hybrid poplars planted alone, 
an 8- by 8-foot spacing is recommended; but if planted 
in alternate rows with conifers, black locust, or black alder, 
a 7- by 7-foot spacing is advised. Closer spacings may be 
desired for screen plantings along roads, in block plant- 
i n g ~  of shrubs used for wildlife habitat, and on slopes 
where erosion control is a major concern. 

The usual planting procedure is to space seedlings uni- 
formly over an entire area. An alternate method that may 
improve stabilization and erosion control on slopes is to 

plant the seedlings close together (4 to 5 feet apart) in two 
to four closely spaced rows (5 to 6 feet apart) on the con- 
tour. The spacing of seedlings in one row alternates with 
the unplanted space in the adjacent rows. The distance 
between groups of rows may range from 20 to 40 feet. This 
spacing also provides a suitable planting pattern for wild- 
life habitat, especially when shrubs are used. 

The following are the approximate number of trees 
planted per acre at various spacings: 

Tree-Herbaceous Competition 

Competition or incompatability between tree seedlings 
and herbaceous ground cover can influence the success 
of establishing trees. Woody seedlings planted in tall, 
dense vegetation can be shaded out. Competition with 
herbaceous vegetation for water, and possibly nutrients, 
also may lead to failure of woody plantings. Allelopathy 
-chemical competition between plants-is another factor 
to consider. Some herbs, especially grasses, release 
chemical compounds that are toxic to other plant species 
or to microbial populations such as mycorrhizal fungi that 
woody species depend on. These toxins may be released 
from live roots, live shoot material, or litter on or in the 
soil. The extent of the problem on minesoils is not well 
researched. 

Where trees are planted in an established herbaccous 
cover, the competition between herbaceous and woody 
species can be avoided or reduced by planting the woody 
species in spots or strips where the cover has been con- 
trolled with herbicides, or where it has been removed by 
scalping with a fire plow or other implement. 

Chances for successfully establishing trees concurrently 
with herbaceous cover can be increased by sowing the her- 
baceous species in strips that alternate with unseeded, or 
unfertilized, strips in which only trees are planted. The 
width of the seeded and fertilized strips can vary to facili- 
tate the desired spacing of trees. With an 8 by 8-foot 
spacing, for example, 5-foot-wide seeded strips would 
alternate with 3-foot-wide unseeded strips, or, if seeded, 
not fertilized. Tree seedlings are planted 8 feet apart in 
the center of the unseeded strips. Ideally, the unseeded 
strips will remain free of herbaceous vegetation long 
enough to allow tree establishment, yet the cover in the 
seeded strips will provide adequate erosion control. For 
best control of erosion, strips should run on contour. This 
planting procedure will work best on areas where equip- 
ment such as seeding drills and drop-type fertilizer 
spreaders can be used for establishing strips that are uni- 
form in width and spacing. 

Availability of Planting Stock 

Planting stock of woody species can be obtained from 
Federal, State, and private nurseries. Some State nurs- 
eries provide plants for in-state use only. Others sell sur- 



plus stock to customers outside their State. Generally, 
State nurseries provide stock that is of the quality and size 
suitable for planting mined lands. Many private nurser- 
ies also advertise bare-root seedlings and container stock 
in quantities and size suitable for planting mined lands. 
Private nurseries often are the only source of species not 
commonly used in reclamation and State-promoted 
reforestation programs. 

Orders for woody species should be made at least 1 year 
in advance of planting. For some species, it may be neces- 
sary to notify nurseries even sooner because the selected 
species may not be raised in the quantities needed for 
reclamation planting or because more than 1 year is re- 
quired to produce plants large enough for outplanting. 

To ensure the hardiness of woody plants, purchase seed- 
lings that have been propagated from plants growing in 
environmental conditions similar to those in the area to 
be planted. Research has shown that variations in the 
characteristics of parent trees due to climatic conditions 
may be carried on through their seed. 

Mulching 

A mulch is any material placed or left on or near the 
soil surface to protect it from erosion and to aid in the es- 
tablishment of vegetation. This is in contrast to an amend- 
ment that is incorporated into the rooting zone of soil to 
improve vegetational growth and production. Some organ- 
ic materials nominally incorporated into the soil may func- 
tion as both mulch and amendment. 

Reason for Mulching 

Mulches cause the kinetic energy of raindrops to break 
and dissipate and thereby greatly reduce "splash" erosion 
wherein soil particles are dislodged from the surface and 
carried downslope by repeated dislodgement and in water 
flow. Mulches also slow the flow of runoff water over the 
surface. Each particle of mulch in contact with the sur- 
face may act as a tiny dam that interrupts and sometimes 
stops the flow of water. This causes soil particles to set- 
tle and allows water more time to infiltrate into the soil. 
Mulches impede the erosive forces of wind by physically 
sheltering soil particles and decreasing wind velocity at 
the soil surface. 

Mulches aid in the establishment and growth of vege- 
tation because they (1) reduce evaporation and conserve 
soil moisture (the upward movement of salts also may be 
slowed); (2) restrict air movement and allow higher rela- 
tive humidity at the soil surface, reducing water diffusion 
from soil air into atmospheric air; (3) lessen the sealing 
over and crusting of the soil surface, thereby improving 
infiltration; (4) modify extremes in temperatures at the soil 
surface; (5) hold seed and small seedlings in place and 
enhance the microenvironment for seed germination; (6) 
sometimes introduce beneficial microorganisms into the 
soil; (7) provide an energy source for soil microbiota that 
contributes to soil aggregation and stabilization; and (8) 
lessen the occurrence of frost heaving of seedlings and 
young plants, a phenomenon prevalent in some soils and 
climates. 

Mulches are most needed and especially beneficial un- 
der conditions of environmental stress such as limited 
precipitation and soil moisture, high temperature, and 
salty soils. These conditions typify many of the surface 
mines in the arid and semi-arid sections of the Western 
Coal Region. Potential for wind erosion also generally is 
more prevalent in this region than in the East. 

Surface-mined lands in the humid Eastern Coal Region 
often have been seeded and vegetated successfully without 
the use of mulch. But even in these circumstances, vegeta- 
tive cover usuallv is established more auicklv and with 
less soil erosion where mulch is applied to new seedings. 
An example where mulch is especially beneficial, even 
in the humid Eastern United States, is on extremely acid 
spoils where a relatively shallow rooting zone (usually 6 
inches or less) is created by the incorporation of lime. 
Mulch is important in conserving moisture in this shal- 
low rooting zone and aids and hastens seed germination 
and seedling establishment. 

Considerations for Mulch Selection 

No one mulch material is ideal for all revegetation situ- 
ations, nor do all materials provide exactly the same func- 
tion and results. Several factors may need to be considered 
in choosing the mulch best suited to the revegetation ob- 
jectives and characteristics of the area being mulched. 
These factors include (1) the proposed land use; (2) cli- 
mate and weather characteristics such as intensity and 
frequency of precipitation, temperature, and wind velocity 
and frequency; (3) topography and soils; and (4) availa- 
bility and cost of mulching materials. 

A material containing seed of a variety of plant species 
may be acceptable for mulching areas planned for wild- 
life habitat, but undesirable for cropland. On exposed 
sites where high winds are common, mulches with heavy 
particles or those that can be anchored to the soil may be 
required. Similarly, materials that float easily would not 
be suitable for s l o ~ e s  where flow of water over the surface 
could be expectei as a result of high intensity precipita- 
tion. Some materials may be relatively stable on soils left 
with a roughened surface, but would not stay in place on 
smoothly graded soils. 

Light-colored mulches typically help lower tempera- 
tures at the soil surface. These are especially beneficial 
on dark soils where surface temperatures can be lethal to 
emerging seedling and small plants. Dark mulches ap- 
plied in early spring may help warm soils sufficiently to 
cause early or premature germination of seeds. Where 
coincident with or followed immediately by a period of 
inadequate precipitation, the soil moisture may be 
depleted quickly and the emerging seedlings may die. 
Similarly, seedlings that emerge prematurely may be sus- 
ceptible to a killing frost. 

An excessive amount of organic mulch may cause a 
water shortage to seedlings by intercepting and holding 
some or most of the precipitation in the mulch layer and 
allowing it to evaporate. A thick layer of mulch also may 
attract small rodents that eat seed and emerging seedlings. 
A remote possibility with some mulching materials is a 
wicking action whereby moisture is drawn from the soil 
in dry periods. 



Organic mulches, especially those with a high carbon 
to nitrogen ratio due to their high cellulose content, can 
cause nitrogen deficiency to plants because the microor- 
ganisms that break down the organic matter are more effi- 
cient than plants in utilizing inorganic nitrogen in the soil. 
However, this problem is more severe where the organic 
materials are incorporated into the soil than where they 
are placed as a mulch on the surface. Additional nitro- 
gen fertilizer can be applied to compensate for the microbi- 
al tie-up of nitrogen. 

Perhaps most importantly, the choice of mulch for a 
specific reclamation job will depend on the availability 
and cost of material, transportation costs, and ease and cost 
of application. Some residue materials such as bark, 
though often obtainable at little or no cost, are costly to 
handle and transport and may require costly or special- 
ized equipment for application. To be economical, sup- 
plies of such material should be available in sufficient 
quantities on or near the reclamation site. Sometimes an 
alternative mulching material is available but not accepted 
by a potential user because of personal bias or lack of 
knowledge and uncertainty of its value. Wood chips, for 
example, are believed erroneously by some to be acid 
producing and toxic to vegetation. 

Mulching Materials 

The mulching materials most used in mined-land recla- 
mation are organic products and residues from agriculture 
and wood-processing industries. Some of these materi- 
als are relatively inexpensive; the major cost in their use 
is transporting them to the reclamation site. 

Agricultural Residues 
Raw residues from agriculture, especially straw of cereal 

grains, such as wheat, oats, and barley, and hay, that con- 
sists mainly of grass, are some of the best and most popu- 
lar mulches. Straw is sometimes preferred because it does 
not decay as rapidly and, in some areas, costs less than 
hay. Seed not threshed from grain straw can produce vege- 
tation that may be considered desirable where it comple- 
ments the primary goal of a quick vegetative cover or 
undesirable where it competes with and inhibits the es- 
tablishment of desired seeded species. Mulching with hay 
may add seed of desired reclamation species to the site, 
but in other situations, it may introduce unwanted and un- 
desirable species that will interfere with revegetation and 
land-use objectives. 

Straw and some types of hay are effective in reducing 
the temperature of the soil surface because of their light 
color and reflective qualities. These materials applied at 
1 ton per acre can reduce soil temperature by 10" to 15°F. 
This may be a potential disadvantage in the spring because 
warming of the soil, seed germination, and early crop 
growth could be delayed. Recommended application rate 
for straw and hay mulches are 1 l/z to 2 tons per acre. Uni- 
form application is important. Resistance of the mulch 
materials to movement by wind and water is increased by 
tacking them down with asphalt emulsion or other chem- 
ical tacking material; by pressing them partially into the 
soil with a specially designed crimper, disk harrow, or 
sheep's-foot roller; or by placing netting firmly over the 

Figure 16. Power mulcher spreading straw. 

mulch and anchoring it securely to the ground. Other 
agricultural residues that can be used for mulch include 
peanut hulls; crushed corn cobs; shredded corn stalks or 
fodder; rice straw; and bagasse; a residue from sugar cane 
mills. These and similar crop residues are available and 
used mostly in local areas and seldom are important on 
a regional basis. 

Several types of mechanical mulchers are available for 
spreading straw, hay, and similar materials. Mulch blow- 
ers or power mulchers that handle standard-size square 
bales are made by several companies and are the most com- 
mon (Figure 16). The bales are fed into the mulchers, 
separated by beaters, and blown out through a discharge 
spout. Some mulchers are equipped to spray a chemical 
tack on the mulch as it leaves the discharge spout. Mulch 
can be blown a maximum distance of 80 feet in ideal wind 
conditions and it can be applied both up and down slope. 
About 40 acres can be mulched in an 8-hour day. Four 
people are required to operate a power mulcher efficiently. 
A fifth person is needed where a crimper or disk is used 
to anchor the mulch to the soil. 

Other machines for spreading hay and straw are a modi- 
fied manure spreader, a modified stack processor, and a 
modified rotary tub grinder. The advantage of the modi- 
fied stack processor and tub grinder is that they can handle 
large round bales of hay or straw (1,200 to 1,500 pounds). 
The rotary tub grinder also handles small standard-size 
bales and loose hay and straw. It spreads bark, wood 
chips, composted garbage, and similar products and is not 
damaged easily by foreign objects. Mulch can be blown 
60 to 70 feet in ideal spreading conditions on level to gently 
rolling terrain (Figure 17). From 20 to 40 acres can be 
mulched in an 8-hour day with a 2-person crew. 

Straw and hay mulch can be applied by hand on small 
areas and slopes that are beyond reach of a mulch blower. 

Animal manures can function as mulches, but often are 
incorporated into the soil because they are a source of plant 
nutrients. Where they are left on the surface, much of the 
N content may be lost through volatilization of ammonia. 
About 10 tons per acre is a recommended application rate 



for providing protection against splash erosion by raindrop 
impact. A manure spreader can be used to spread these 
materials (Figure 18). 

Wood Residues 
Materials such as bark, wood chips, and sawdust have 

been used as mulch in some areas. Technically, wood 
chips are not a residue where they have been processed 
primarily for other uses such as paper making. Chips 
processed from whole trees that otherwise would be wast- 
ed (burned or buried) on the mine site can be considered 
wood residue. 

Raw or processed hardwood bark is an excellent mulch- 
ing material for erosion control, for conserving moisture, 
and for aiding in the establishment of vegetation. The 
weight (density) of hardwood bark and the nature of its 
fibers that tend to interlock enable it to stay in place 

Figure 17. Modified rotary tub grinder spreading mulch 
on snow to show spreading pattern. 

without tacking material, even on slopes. Bark of soft- 
woods and wood chips are less dense and will float in 
runoff water more easily. Sawdust and shavings are least 
desirable for mulch because they blow and wash away 
easily. Wood chips, sawdust, and shavings have a higher 
cellulose content than bark; thus, nitrogen requirements 
for the microorganisms that decompose them is potentially 
greater than for bark. However, the concern that wood 
residues contain toxic components harmful to vegetation 
has been overplayed. Adverse effects on plants have been 
documented for bark or chips of only a few minor hard- 
wood and conifer species. 

Bark and woodchips will not decay as rapidly and thus 
last longer than hay and straw. Usually, few or no weed 
seeds will be introduced with these materials, but some, 
especially bark, could be a source for introducing benefi- 
cial endomycorrhizal (VAM) fungi into the soil. Where 
bark, wood chips, straw, and hay mulches have been test- 
ed side bv side. the establishment of seeded legumes was 
more ra6id and dense in bark and wood chips. 

Recommended mulching rates for bark and wood chips 
are 40 to 60 cubic yards per acre. This provides a depth 
of about 0.3 to 0.5 inch. The higher rate is suggested for 
all slopes greater than 2:1, south- and west-facing slopes, 
and for overwinter protection of a site. Rates up to 100 
cubic yards per acre can be used without retarding the 
emergence of most seeded species. Bark or wood chips 
applied 3 to 4 inches deep around planted tree and shrub 
seedlings would prevent the emergence of most seeded 
species and thereby prevent immediate competition from 
seeded herbaceous vegetation. 

Application rates for bark and wood chips are often de- 
fined in volume measure rather than weight because the 
moisture content of these materials stored outdoors and 
the density of different woods can vary considerably. A 
crude conversion of volume to weight for field use is: 4 
cubic yards of wood chips or 3 cubic yards of bark weigh 
about 1 ton. 

Salvaging and converting woody vegetation that is re- 
moved and usually wasted ahead of mining is a potential 
source of wood chips. In most forested regions, only a part 
of the total woody vegetation removed from the mine 
would be needed for mulch. The primary drawback to 
processing whole-tree chips on site is the high cost of 
specialized equipment for hauling and chipping logs and 
additional labor. The establishment of a business venture 
to provide this service on several mines may be a way to 
circumvent the high cost to an individual mine. 

Although not a wood residue, leaves are a residue of 
woody plants and present a disposal problem in some ur- 
ban communities. Leaves are collected and baled in some 
communities and may be available for mulching nearby 
mined areas. The major problem is that leaves are most 
available in the season when mulch is least needed. Leaves 
need to be slightly incorporated into the soil or otherwise 
tacked to hold them in place. Two to four tons per acre 
are needed to be effective. 

Shredded bark, wood chips, corn cobs, sawdust, com- 
posted municipal wastes, and similar products used for 
mulch or as oreanic amendments can be a ~ ~ l i e d  most eas- 

Figure 18. A modified manure spreader that spreads ily with an ~ z e s  Spreader, a blower/thr&er mechanism 
straw mulch. that is attached to either a conventional or modified hop- 

40 



per of a lime-spreading truck (Figure 19). This spreader 
is most advantageous for spreading mulches on steep 
slopes, either up or down, but also spreads efficiently on 
level areas. Mulches such as bark and wood chips can be 
thrown about 75 feet up a 2:1 slope and as much as 125 
feet horizontally. In addition to the thrower mechanism, 
the spinners that are standard equipment on spreader 
trucks can be used to apply mulch on level or gently slop- 
ing areas. The thrower and spinners can be used together 
or independently. To avoid damage to the thrower 
mechanism, materials that contain large particles, such as 
pieces of boards, stones, and other foreign objects, must 
be screened or ground before loading into the spreader. 
The Estes spreader also is used for applying lime and 
fertilizer. 

The modified tub-grinder mulcher described earlier 
spreads bark, wood chips, and most any other organic 
material. Bark, wood chips, baled leaves, and materials 
of similar form can be spread on level to gently sloping 
areas with a standard farm manure spreader (Figure 14). 
Spreading these materials by hand is difficult and tedi- 
ous even on small areas. 

Wood Fiber and Cellulose (Hydromulches) 
Processed wood fibers prepared from selected woods 

and reprocessed waste paper, often referred to as wood cel- 
lulose, are popular mulching materials that are mixed with 
water and applied with a hydroseeder or hydromulcher 
(Figure 9). The fibers in these materials are short and their 
durability as a mulch is short-lived. They also are less 
effective than straw or hay. Most of the commercially avail- 
able fiber and cellulose mulches are colored with dye so 
that they are plainly visible when applied on the ground; 
this aids the operator in obtaining uniform coverage. These 
materials are sold in bales that are easily handled and con- 
veniently stored. 

Common application rates of the hydromulches are 
1,500 pounds per acre or less. The 1,500-pound rate pro- 
vides only minimal coverage and rates of 2,000 to 3,000 
pounds per acre are needed to provide a true mulch ef- 
fect. However, the higher rates greatly increase the cost 
of application because the capacity of the hydromulcher 
allows for treatment of only a relatively small area with 
each load of material. For example, a hydromulcher with 
a 3,000-gallon tank can hold 1,500 pounds of fiber 
mulch-the minimum needed for 1 acre. On average, up 
to 6 loads, or treatment for 6 acres, can be applied in an 
8-hour day. By contrast, up to 40 acres can be mulched 
with straw in an 8-hour day with a power mulcher. 

Sometimes these mulches are applied in a slurry mixed 
with seed and fertilizer. Such a mixture may allow some 
of the seed to be perched above the soil surface in a web 
of mulch, exposing the germinating seed and tender see- 
dlings to drying and extremes of temperature. The prob- 
ability of this effect causing seedling mortality is greatest 
in areas of low rainfall, but it can occur even in humid 
areas during prolonged dry periods. A preferred proce- 
dure in these circumstances is to apply seed and fertilizer 
first and the mulch in a separate application. 

The primary advantage of the hydraulic method of 
mulching is that mulch can be applied to areas, such as 
the far end of steep slopes, that cannot be reached by other 

Figure 19. The Estes Spreader is effective for applying 
bark, wood chips, lime, fertilizer, and other materials on 
both level and steeply sloping areas. 

methods. The spreading distance by the larger hydro- 
seeders is as much as 200 feet. For treating areas beyond 
that distance, a hose attachment is available. One draw- 
back of hydromulching, especially on some western mine 
sites, is lack of sufficient water. In some situations, water 
is available in the vicinity but requires a long haul from 
the source to the mine. 

Other Mulching Materials 
Mats and netting made from wood fibers and other as- 

sorted organic and synthetic materials are effective for con- 
trolling erosion in specialized uses. The cost of these 
materials is prohibitive for general use in surface-mine 
revegetation. Sites for their use generally are those con- 
sidered critical for esthetic purposes or erosion control and 
should be prepared under controlled or engineered stan- 
dards. For example, netting may be useful in an emergen- 
cy spillway on an earthen dam that requires quick, positive 
protection while a complete vegetative cover is being 
established. 

A layer of crushed rock or gravel provides an effective 
mulch; however, the cost of material and application may 
be excessive for wide-scale use. A rock mulch is particu- 
larly useful in arid regions where complete vegetative 
cover is not usually present or possible to attain. 

Mulches Grown in Place 

Quick-developing annual grasses can be sown for grow- 
ing mulch in place. The grass species should be compat- 
ible for the season; for example, winter annuals, such as 
wheat and rye, are sown in late summer to fall and sum- 
mer annuals, such as sudangrass, sorghums, pearl millet, 
or Japanese millet, are used for late-spring through early- 
summer seedings. For growing mulch in place, the seed- 
ing rate of the annuals should be increased over the rate 
normally used in mixtures, and soil amendments should 
be applied as needed to promote plant growth. 

Perennial species can be established subsequently by 
seeding or planting them directly into the annual crop 
residue (in-place mulch). Where mulch is produced by 
summer annuals, planting of perennials usually is done 
the following spring. But spring planting of perennials 



into a winter annual crop may first require the use of a 
herbicide to kill the annual-plant competition. This 
would be most essential for establishing woody species. 
Seeding perennial herbs could wait until late summer, 
after the winter annual vegetation has matured. 

A practice used on arid land is to either grow a sterile 
variety of cover crop or cut it before it produces seed. 
Either way, there are few viable seed when the reclama- 
tion species are sown into the standing stubble. This is 
especially appropriate where fall is the preferred seeding 
time. By establishing the temporary cover crop the 
previous fall, or in spring or early summer, the minesoil 
is stabilized until the fall seeding of permanent reclama- 
tion species is made. 

Soil Stabilizers 

Soil stabilizers are organic and inorganic chemical 
products that are applied in water solutions to the soil sur- 
face to temporarily stabilize the soil against wind and 
water erosion and to retard the evaporation of soil moisture. 
In the humid eastern United States. the effectiveness of 
chemical stabilizers is relatively shdrt lived compared to 
most mulches. Stabilizers are expected mainly to control 
erosion only until vegetative cover is sufficiently estab- 
lished to protect the site. 

Soil stabilizers often are classed by their basic formulas, 
e.g., polyvinyl acetates, acrylic copolymers, elastometric 
emulsions, and natural vegetable gums. There are many 
of these products on the market and similar products may 
differ from each other only because of additives mixed 
with the basic formula. The additives affect curing time, 
crust durability, and moisture infiltration rates. The ef- 
fectiveness of these products is further influenced by di- 
lution rate with water, soil properties, weather conditions, 
and amendments, such as fertilizer added to the solution 
to aid vegetation establishment. 

Some of the stabilizers form a thin film on the surface 
that provides temporary protection against soil movement. 
But most of these products infiltrate as much as 1 inch 
into the soil and bind the soil particles together to form 
a crust that resists erosion. High soil moisture limits the 
depth of infiltration; therefore, stabilizers may be more ef- 
fective on soils with moisture content below field capacity. 
Also, warm dry weather is more conducive than cool damp 
weather to proper curing of the stabilizers. Tough crusts 
may form that physically restrict seedling emergence of 

Table 8. Common application rates of mulch per acre. 

Mulch 
Straw (tons) 
Hay (tons) 
Manure (tons) 
Hardwood bark (yd3) 
Softwood bark (yd3) 
Hardwood chips (yd3) 
Softwood chips (yd3) 
Leaves (tons) 
Wood-cellulose fiber (lb) 

Intended use 
Seed Erosion Plant 
Cover Control Mulch 

1.5-2 3 4 
2 3 4 

10-15 30-40 40-60 
45 240 480 
4 5 240 480 
5 0 268 536 
5 0 268 536 
3 4 5 

1,500 3,000 - 

some plant species, especially grasses and forbs with tiny 
seeds. 

Many of the stabilizer products can be used as chemical 
tacks to hold straw, hay, and other lightweight mulches 
in place. The stabilizers also are used in combination with 
wood-fiber and wood-cellulose mulches. In fact, the wood 
fiber-stabilizer combinations are used more frequently 
than stabilizers alone. Presumably, site protection ob- 
tained with low rates of the combined materials is com- 
parable to that obtained with high rates of either product 
used along. A combination used in some Eastern States 
is 50 gallons per acre of stabilizer mixed with a mini- 
mum of 500 pounds per acre of wood fiber or wood 
cellulose. 

Because they can be applied with a hydroseeder, soil 
stabilizers have an advantage over most mulches for treat- 
ing long steep slopes and other hard-to-reach places. 
However, for general application, mulches are more widely 
used and provide several advantages over soil stabilizers. 
Soil stabilizers cost more and require more precise prepa- 
ration and procedural control than mulches. Also, the use 
of soil stabilizers is a relatively recent development and 
there is insufficient knowledge about the comparative 
value of different products and about the most effective 
application rate for specific soils, sites, and weather con- 
ditions. That many products sold as soil stabilizers have 
come and gone from the market may be evidence of the 
uncertainly of their value for reclaiming disturbed lands. 

It is not possible here to list all of the soil stabilizer 
products currently available, or to make a comparative rat- 
ing of their value. For those interested in using soil 
stabilizers, advice should be sought from research reports 
on their use and from reclamation companies, highway 
departments, construction companies, and conservation 
agencies that may have used them. 

Application Rates 

The selection of the optimum rate and depth of a mulch 
is influenced by intended use and the effectiveness of the 
mulch in modifying environmental factors associated with 
the site conditions. Soil and seed protection, erosion con- 
trol, and growth enhancement are the primary purposes 
for use of mulch and are the most logical components on 
which to base application rates (Table 8). 

An important consideration in the efficient use of mulch 
is that of mulch depth in relation to application rate. Also, 
the rate and depth of application varies due to the type 
of material and particle size. For example, 135 cubic yards 
of bark minichips will cover 1 acre 1 inch deep; whereas 
it takes 160 cubic yards of chunk bark for the same cover- 
age. Coverage with straw at 1-112 tons per acre provides 
about a 1-inch layer. 

Coarse and more bulky material can be applied in great- 
er depths than those of small materials that will compact. 
The selected material should be sufficiently loose and 
open for free circulation of air to favor development of 
vegetation. 

Considerable care should be taken to ensure that mulch 
material is spread evenly over the area. A partially covered 
surface is less efficient in protecting the soil surface from 
falling rain and controlling soil washing. As the propor- 



tion of cover increases, runoff decreases. The effective- 
ness of mulch in stabilizing the soil surface is a function 
of coverage and durability. 

Usually, the minimum amount of mulch coverage 
needed for surface protection is 75 percent. It has been 
shown that, when compared to a bare site, a mulch cover- 
age of even 50 percent reduced the erosion rate by 35 to 
40 percent for a wide range of steepness and length of 
slopes. 

POSTMINING LAND USES 
Agriculture 

Agriculture often is equated with the highest and best 
use for reclaimed surface-mined land. This seems to be 
justified primarily on economics, especially on nonprime 
farmland areas where costs to revegetate usually are low- 
er and economic returns potentially quicker and greater 
for such agricultural uses as pasture than for such uses 
as forestry and wildlife habitat. Agricultural uses obvious- 
ly are appropriate and suited on many reclaimed mines, 
especially on areas identified as prime farmland. Agricul- 
tural uses, especially pasture, also are being proposed in 
mining areas where agriculture historically has not been 
an important part of the economy and where absentee land 
ownership is commonplace. In such situations, the im- 
mediate economic advantage of establishing vegetation for 
pasture rather than forestry, for example, may not justify 
the conversion of premining forest land to postmining 
pasture in view of the likelihood of little or no future 
management of the reclaimed area. 

Change from premining nonagricultural land uses to 
postmining agricultural uses is a trend taking place in 
some agricultural regions. Here an important considera- 
tion is the loss of nonagricultural plant communities that 
provide the primary sources of wildlife habitat, woodland, 
recreation, and landscape diversity in predominantly 
agricultural environments. 

Row Crops and Small Grains 

Where the postmining land use is to be agricultural, it 
is important that the type of use and crop selection be com- 
patible with the characteristics of the soil and overburden 
materials. The production of row crops is most often as- 
sociated with and most likely to be successful on recon- 
structed prime farmland that can be tilled, managed, and 
harvested in the same way as unmined farmland. Such 
crops as corn, sorghum, and soybeans are most likely to 
be confined to such areas. Grain crops, such as wheat, 
oats, and barley, can be produced on some nonprime farm- 
land areas, even where little or no topsoil is replaced. 
However, in some such cases, continued cropping may not 
be feasible because of minesoil conditions, such as stoni- 
ness, that interfere with tillage and harvest operations. 

Soil erosion is a potential problem on cultivated 
cropland. The use of annual cover crops, especially for 
overwinter protection, and incorporation of organic materi- 

als, such as barnyard manure and crop residues, will help 
stabilize the soil and reduce erosion. It is especially im- 
portant that soil conservation practices applicable to 
normal agricultural operations be used on minesoils 
reclaimed for cropland uses. 

Pasture and Hayland 

Pasture is a common and widespread postmining land 
use, particularly in the eastern half of the United States. 
Some reclaimed mines also are suitable for producing hay, 
particularly areas free of steep slopes, stone, and other ob- 
stacles that would interfere with the cultivation and har- 
vest of the hay crop. Plant species used for pasture and 
hay often are the same as those used for cover and erosion 
control. However, because of differences in palatability 
and nutritive value to livestock, some species are preferred 
over others. For example, KY-31 tall fescue is used widely 
in the East for erosion control. It is also used widely for 
pasture and hay, but other grasses, such as orchardgrass, 
timothy, and smooth brome, are considered to be more 
palatable and nutritious as livestock forage. Legumes, 
such as sericea lespedeza and flatpea, are excellent cover 
and erosion control species, but are less desirable than 
alfalfa and some of the clovers for forage. 

Nearly all of the grass and legume species used in im- 
proved pasture and haylands throughout the United States 
are introduced (not native), though they are naturalized. 
Productivity of these pasture and haylands usually is 
maintained by periodic application of fertilizer and, in the 
Eastern U.S., lime. In some situations where soils are 
naturally fertile and good land management is practiced, 
productivity of legumes alone and grass-legume mixtures 
may persist for several years without fertilizer. Produc- 
tivity of mixtures is most likely to persist where the legume 
component is maintained in about equal proportion with 
the grass. 

Annual and short-lived perennial species are sometimes 
used for hay or temporary pasture in agricultural situa- 
tions. Such use may be feasible on newly revegetated 
mined land only in management situations where these 
types of species are sown in association with perennial 
forage species and harvesting or grazing them would aid 
the development of the perennials. However, in most sit- 
uations, early or premature grazing by livestock or har- 
vesting of any new or recent seeding may be injurious to 
the successful establishment of vegetational cover. 

Native species for postmining pasture and hayland use 
seldom are used in most mining states east of the 100th 
meridian. Exceptions are found primarily in the Western 
Interior Coal Region and the coal mining areas of eastern 
Texas, where several grass and forb species native to the 
Tall and Mid-Grass Prairie types have been established 
successfully on mined land. However, restoring native 
prairie on mined land is virtually impossible because 
some 200 to 300 species of grasses, forbs, half-shrubs, and 
shrubs are known components of the Tall Grass Prairie. 
In practice, only a small percentage of these species can 
be reestablished in artificial plantings. 

There is potential for greater use of native species, es- 
pecially warm-season grasses, for pasture in all of the 
Eastern States. In experimental plantings on minesoils, 


	Return to: A Manual for Training Reclamation Inspectors in the Fundamentals of Soils and Revegetation
	Vegetation Establishment and Cultural Practices
	Soil Amendments
	Fertility Management
	Important Nutrients
	Fertilizer Terminology
	Fertilizer Application

	Amelioration of Acidity
	Liming Materials
	Liming Rates
	Application

	Amelioration of Toxic Elements
	Sodic Soils
	Saline Soils

	Organic Materials
	Microbiologic Materials

	Irrigation
	Water Harvesting
	Seeding Practices
	Site and Seedbed Preparation
	Methods of Seeding
	Drills
	Broadcast Seeders


	Time of Seeding
	Seed Quality
	Seeding Rates
	Innoculation of Legume Seed

	Planting Woody Species
	Nursery-Grown Seedlings
	Container-Grown Planting Stock
	Planting Methods
	Direct Seeding
	Time of Planting
	Planting Patterns and Spacing
	Tree-Herbaceous Competition
	Availability of Planting Stock

	Mulching
	Reason for Mulching
	Considerations for Mulch Selection
	Mulching Materials
	Agricultural Residues
	Wood Residues
	Wood Fiber and Cellulose (Hydromulches)
	Other Mulching Materials

	Mulches Grown in Place
	Soil Stabilizers
	Application Rates






