
SECTION 6 

LAND USES AND SPECIES MIXTURES 

Regulations promulgated under the Surface Mining Control and Reclamation 
Act of 1977 direct  that  postmining land uses be similar to  or higher or better 
than the premining land uses. Also required i s  that vegetational productivity 
be restored to levels similar to  productivity levels on unmined lands in the 
vicinity supporting similar types of vegetation. Land uses concerned primar- 
i l y  with vegetation and defined in the regulations are fores t ,  range, fish and 
wi ldl i f e  habitat ,  pasture, hayland, and cropland. Vegetative cover for pro- 
tecting the soil  surface from erosion i s  required i n  conjunction with a l l  land 
uses. 

Revegetation s t rategies  for most of the land uses require mixtures of 
plant species and plant types. For example, a t  least  two herbaceous species 
normally a re  used i n  the establishment of pasture and range. Revegetation 
for  forestry and wildl i fe  habitat general ly includes several woody species and 
one t o  several herbaceous species. In addition to  being functional, mixtures 
of plant types improve esthet ic  or visual in te res t  and diversity.  Only in 
some agricultural uses, such as grain and row crops, i s  one species usually 
involved. 

For most of the above land uses, e i ther  introduced species or combina- 
tions of introduced and native species normally are planted. I t  i s  usually 
impractical t o  immediately reestablish stands of vegetation that  are  ent i rely 
"native," especially where a herbaceous cover i s  needed quickly for  erosion 
control. For example, in vegetating for  forestry and wildl i fe  habitat ,  many 
of the commonly used t ree  species are  native, b u t  most of the herbaceous spe- 
cies and frequently used shrubs are  introduced. With a few exceptions, the 
establishment of native herbs and shrubs will depend largely on natural seed- 
ing (invasion) from surrounding native stands. Thus, the development of pre- 
dominantly native vegetation may require from several t o  many years depending 
largely on the combinations, density, and persistence of the introduced spe- 
cies used for ground cover. 

Species mixtures and planting patterns for  several land uses are  dis- 
cussed in th i s  section. I t  i s  not feasible to  l i s t  a l l  of the species com- 
binations that  could be used in the different areas of the East. However, the 
several examples given may help to  i l l u s t r a t e  the rationale for  mixing species 
for  the various land uses. 



EROSION CONTROL 

Regardless of the intended use of reclaimed land, the establishment of 
vegetation i s  necessary f i r s t  of a1 1 for  control of water and wind erosion. 
Vegetation for  watershed protection i s  especially important i n  mountainous 
and sloping areas where erosion caused by runoff i s  potentially greatest .  
Herbaceous species especially a re  important for  the quick, i n i t i a l  establish- 
ment of a s tabi l iz ing vegetative cover. 

Herbaceous Mixtures 

Examples of seeding mixtures suggested primarily for  erosion control are  
shown i n  Table 9. These mixtures include an annual or short-lived perennial 
species that  provides quick b u t  temporary cover. One of these should be 
chosen and added to the permanent mixture that contains a t  least  one perennial 
grass and one perennial legume. Ideally, the perennial species will succeed 
and replace the temporary species. Where there i s  a choice of species of 
grasses or legumes, the species best adapted to  the minesoil properties and 
climate should be selected. I t  i s  especially important to  follow seeding 
ra te  recommendations for  the quick-cover temporary species, because higher 
rates of these species could produce dense stands that prevent or retard es- 
tablishment of the permanent species. 

Mixtures for  spring, summer, and f a l l  seeding are  suggested for the Appa- 
lachian Region. For other regions, mixtures are  for  spring or f a l l  seedings. 
Some of the mixtures are  also suited for  forage production; however, a few of 
the'species that  are  well suited for  erosion control and s i t e  s tabi l izat ion 
are not the most compatible with other land uses. For example, sericea les- 
pedeza and flatpea are  excellent for  long-term erosion control, b u t  the i r  
value fo r  forage and wildl i fe  habitat i s  lower than that  of other legume spe- 
c ies .  Thus, consideration should be given to  selecting species for the i r  
su i tab i l i ty  for  the approved land use, as well as for  controlling erosion. 
See Section 4 for  descriptive information on individual plant species. 

Woody Speci es 

Seedlings of most t r ee  and shrub species provide l i t t l e  or no erosion 
control when newly planted and during the i r  f i r s t  few years of growth. B u t  
once they are  large enough to achieve crown closure and l i t t e r  begins to  
accumulate on the so i l ,  t rees  and shrubs contribute significantly to  s i t e  pro- 
tection. Obviously, rapid-growing trees and shrubs are  the ones that  will 
most readily contribute to  erosion control. Black locust, planted or d i rec t  
seeded, i s  a rapid-growing t ree  that i s  especially useful for  providing s i t e  
protection on steep slopes. Other relat ively fast-growing t ree  species i n -  
cl ude European a1 der, hybrid pop1 ars ,  cottonwood, and sycamore. A u t u m n  01 ive, 
a fast-growing plant, and br i s t ly  locust, a pro1 i f i c  sprouter, are  shrub spe- 
cies that  provide reasonably rapid erosion control. 



TABLE 9.  SUGGESTED HERBACEOUS MIXTURES FOR EROSION CONTROL 

(Seeding r a t e s :  pounds per  a c r e  PLS) 

Region Seed i ng 
Time 

Temporary (Quick  Cover) speciesg1 
(Use one with permanent mix) Permanent (Long-1 ived)  Species  

Northern Early Spring Annual ryegrass  5 Ky-31 t a l l  fescue  15  
Appalachia t o Perennial  ryegrass  10 Bi rdsfoot  t r e f o i l  6 

Mid Spring Oats 48 o r  
Weeping lovegrass  2-1 12  Crownvetch 10 

o r  
Fl a tpea  20 

Mid Spring Foxtai 1 m i  11 e t  12 Ky-31 t a l l  f e scue  15 
t o Japanese m i  11 e t  15 Bi rdsfoot  t r e f o i  1 8 

Mid Summer Weeping 1 ovegrass  2-112 o r  
Crownvetch 10 

o r  
Fl a tpea  20 

Mid.Summer RY e 40 Ky-31 t a l l  fescue  
t o Winter wheat 40 Bi rdsfoot  t r e f o i l  

Early Fal l  Annual ryegrass  5 o r  
Crownvetch 

Mid and Early Spring 
Southern t o  
Appalachia,  Mid Spring 

Western 
Kentucky , 

Arkansas, 
Oklahoma Mid Summer 

t 0 
Early Fa l l  

Perennial  ryegrass  10 Ky-31 t a l l  f e scue  
Oats 48 Korean and/or Kobe 1 espedeza- b/ 
Weeping lovegrass  2-1 12 S e r i  cea 1 espedeza 
Annual ryegrass  5 o r  

Crownvetch 

RY e 40 Ky-31 t a l l  fescue  
Winter wheat 40 Se r i cea  lespedeza 
Annual ryegrass  5 (112 unhul 1 ed seed$' 
Perennial ryegrass  10 o r  
Crimson c l o v e r  12 Crownvetch 

( c o n t i  nued) 



TABLE 9. SUGGESTED HERBACEOUS MIXTURES (CONTINUED) 

Region Seeding 
Time 

a / Temporary (Quick Cover) Speci es- 
(Use one w i th  permanent mix) Permanent (Long-1 ived) Species 

Mid and Mid Spring Weeping lovegrass 2-1 /2 Ky-31 t a l l  fescue 15 
Southern t o  Sorghums 18 Seri cea 1 espedeza 10 
Appalachia Mid Summer Pearl m i l  l e t  10 Korean and/or Kobe lespedezakl 12 

Foxtai 1 m i  11 e t  12 
Browntop m i  11 e t  15 

I l l i n o i s ,  
Indiana, 
Iowa, 
Northern 
Missouri 

-- 

Ear ly  Spring Oats 40 T a l l  fescue 
t o  Annual ryegrass 5 o r  

Mid Spring Perennial ryegrass 10 Smooth bromegrass 
A1 fa1 f a  

o r  
B i rds foot  t r e f o i l  

o r  
Crownvetch 

Missouri , Ear l ySp r i ng  Oats 
Kansas, t o  
0 k l  a homa Mid Spring 

3 2 T a l l  fescue 
A1 fa1 f a  

o r  
Crownvetch 

Late Summer Winter wheat 60 T a l l  fescue 20 
t o  RY e 5 6 A1 fa1 f a  6 

Ear ly  F a l l  

~ / ~ s e  only one o f  the temporary species a t  ra tes  shown. I f  more than one i s  used, reduce seeding r a t e  of 
each species i n  proport ion t o  number used, i.e., f o r  two species use one-half seeding ra te  o f  each. 

kl~hese annual lespedezas usual ly  reseed each year and may become a permanent component o f  the vegetat ive 
cover. 

~ ' 0ne -ha l f  o r  more o f  sericea lespedeza seed should be unhul l e d  and unscar i f ied t o  reduce amount of fa1 1 
germination and ensure s u f f i c i e n t  seed f o r  germination the  next spring. 



AGRICULTURE 

Except for  steeply sloping areas,  most reclaimed surface mines have po- 
tent ia l  for  agricultural uses. The type of agricultural use depends on the 
characteristics of overburden and soi l  materials, the intensity of the res- 
toration procedures, the land use before mining, the presence of an agricult-  
ural economy in the area, and legal requirements. Areas developed for row 
crops and truck or vegetable crops generally require intensive restoration 
procedures such as removal of stones and replacement of A and B soil  horizons. 
Areas reclaimed for pasture normally require the leas t  intensive restoration 
procedures. 

Forage Production 

Pasture, hayland, and range are the land uses concerned with the pro- 
duction of forage crops. Herbaceous mixtures useful for pasture are  similar 
to  those suggested for erosion control. However, because they are  more pal- 
atable to  livestock, grass species such as orchardgrass and timothy can be 
substituted for  Ky-31 t a l l  fescue. In the South, Bermudagrass and Bahiagrass 
are desirable pasture species for summer grazing, as i s  perennial ryegrass 
for  f a l l  and spring grazing. Similarly, legumes such as red clover, Ladino 
clover, and a l f a l f a  are  more suitable than sericea lespedeza and flatpea for 
forage. 

Often, the species that are  bet ter  choices for livestock forage are re l -  
atively short lived or require a higher level of management for maintenance 
than those species recommended primarily for erosion control. A seeding mix- 
ture for  the establishment of pasture may not require quick-cover companion 
species, especially on level t o  gently sloping areas where accelerated ero- 
sion will not be a problem. On the other hand, annuals for  temporary cover 
can also provide a temporary forage crop. However, early or premature graz- 
ing by livestock on any new seeding will be injurious to  the successful es- 
tablishment of a desirable pasture. 

Seedings for  hayland often include fewer species than for  other uses. 
For example, a l f a l f a  often is  sown alone or with one grass species such as 
smooth bromegrass or orchardgrass. In much of the Appalachian Region, Ky-31 
t a l l  fescue i s  used for  hay, e i ther  alone or  in mixture with red clover or 
white clover. Timothy and red clover have long been a popular combination 
for hay in the Northeastern United States.  

Range usually implies the use of native species for forage. Customarily, 
most of the range-type seedings have been done i n  the Western Inter ior  Coal 
Region, namely i n  Kansas, Oklahoma, and western Missouri. Restoration of the 
t a l l  grass pra i r ie  that  i s  native in that  region i s  vir tual ly  impossible be- 
cause some 200 to  300 species of grasses, forbs, and shrubs are known com- 
ponents of the t a l l  grass prairie.  Most range-seeding mixtures used on mined 
lands in t h i s  area include several species of native warm-season grasses. 
When available, seed of pra i r ie  forb species can be included. A suggested 
range seeding mixture i s  as follows: 



Species Pounds per acre (PLS) 

Swi tchgrass 2 
Big bl uestem 3 
L i t t l e  bl uestem 3 
Indiangrass 4 
Si de-oats grama 4 
I l l i no i s  bundleflower 5 

These native species also can be sown and used for  pasture on mined 
lands i n  most of the Eastern Inter ior  and Appalachian Regions. However, es- 
tablishment of these species normally i s  slow compared w i t h  most of the intro- 
duced warm- and cool-season species used in the East. Two or three years a re  
required for- establishment of an acceptable stand; b u t  once established, these 
native species will gradually increase in density and may require l i t t l e  or no 
maintenance f e r t  i 1 ization. However, grazing management practices usual ly  ap- 
plied t o  the exotic cool-season grass pastures in the East are  not appropriate 
for  the native warm-season grasses. Excessive and season-long grazing by 
livestock will l imit  or prevent the successful establishment of these grasses. 

Cropland and Horticulture 

These uses include plant species, cultural practices, and management 
systems beyond the scope of th i s  guide. Generally, these uses pertain t o  the 
growing of one species under intensive management similar to  that  practiced 
on unmined agricultural land. Crops that  have been grown successfully on re- 
claimed land include corn, oats,  wheat, soybeans, and buckwheat. Apple or- 
chavds and vineyards also have been established, and vegetable crops.have been 
grown experimentally. Technical advice on developing these uses should be 
sought from agronomic and horticultural special is ts  i n  each area. 

FORESTRY 

Forestry i s  a logical land use for  many areas currently being mined, as 
well as for  many abandoned or orphan mine s i t e s .  However, reforestation ef- 
fo r t s  have been minimal i n  recent years due to  changing economic, pol i t ica l ,  
legal,  and social pressures. Previously, the planting of trees often was con- 
sidered the most expeditious way to  revegetate mined lands. Recent evalua- 
t ions of 25- to  50-year-old forest  plantings throughout the Eastern United 
States show that  on many of the mined s i t e s  the combination of planted and 
natural vegetation i s  producing young forests  that  appear similar t o  .forests 
on adjacent unmined s i t e s  (Figure 15).  Many of the t rees  now are  approaching 
or have reached marketable size.  Some species such as black walnut and t u l i p  
poplar show promise for  producing a favorable economic return. 

Factors t o  consider in selecting t r ee  species include: the forest  man- 
agement objective, species preferences in current markets, predicted prefer- 
ences i n  future markets, the proposed level of management, and s i t e  and mine- 
soil  character is t ics .  The forestry objective can range from short-term crops 
such as Christmas t rees  t o  long-term crops for  timber production. Levels of 



Figure 15. A 30-year-old mixed hardwood forest on surface-mined land in Ohio 
that has developed from planted and naturally established vegeta- 
tion. 
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management can be intensive, requiring regular care and treatment, o r  extens- 
ive, requiring l i t t l e  care or treatment. Obviously, markets for  the harvested 
crop should be within a hauling distance that  i s  economical. 

Where feasible,  species should be matched with s i t e  and minesoil quality. 
For example, preference should be given t o  planting high-value hardwoods such 
as black walnut, yellow-poplar, and sugar maple on s l ight ly  acid t o  neutral 
loam and s i l t  loam minesoils that  a re  we1 1 drained b u t  not drouthy. Con- 
versely, some of the pine species are  a better choice for  sandy acid so i l s  on 
warm (south-facing) , moderately drouthy s i t e s .  

Christmas Tree Production 

Planting and management for  Christmas t rees  i s  an intensive forestry 
practice. Species should be selected tha t  a re  marketable in the region. For 
example, Scotch pine i s  very popular i n  the Eastern States and can be grown 
in a l l  b u t  the southernmost coal producing areas. Other pines used for  
Christmas t rees  a re  red, eastern white, Austrian, ponderosa, and jack. Nor- 
way and white spruce also are  used, b u t  generally do not reach marketable 
s ize  as quickly as pine. Pure plantings of a proven species usually are  rec- 
ommended, b u t  mixed plantings of two or three species may reduce the r i sk  of 
loss from insects and disease or from a change in market demand. Low-growing 
herbaceous species a re  recommended as a ground cover. Mowing and the use of 
herbicides may be needed to  reduce competition by herbaceous plants. 

Management needs include a road system for  maintenance, harvest, and 
f i r e  protection. Fencing may be needed t o  protect the plantings from live- 
stock, t he f t ,  and vandalism. Care of Christmas t rees  also includes shearing 
to  shape t rees  for  market; application of f e r t i l i z e r ;  and protection from 
insects,  disease, and f i r e .  Specific information on Christmas t r ee  produc- 
tion i s  available from State  universit ies,  agricultural extension agents, and 
Christmas t r e e  growers associations. 

Pul pwood Product ion 

Revegetating mined land for pulpwood production can include e i ther  i n -  
tensive or extensive management. Intensive management usually en ta i l s  the 
planting of one fast-growing pulp species such as shortleaf,  loblolly,  or 
1 ongl eaf p i  ne, European a1 der , hybrid pop1 ars  , cottonwood, sycamore, or b i  g- 
tooth aspen. Management practices may include periodic inspections for  de- 
tection and control of insects and diseases, thinning, control of competing 
vegetation, and f e r t i  1 ization. With hybrid poplars and some of the other 
hardwoods, two or  more rotations of pulp may be obtained from sprouts that  
originate a f t e r  the f i r s t  cutting. 

Extensive management for  pulpwood can be accomplished with pure or mixed 
plantings. Trees cut for pulpwood may consist mainly of those removed when 
thinning stands designated for  timber production or when creating openings 
for wild1 i f e  habitat. Only selected t rees  would be l e f t  uncut to  develop 
into veneer or sawlogs. 



Timber Production 

This management objective implies a long-term commitment. The overall 
level of management i s  extensive b u t  i t  can become periodically intensive 
when trees would benefit from thinning, pruning, and other cultural practices. 
Access for  periodic inspection, cultural treatments, and f i r e  protection i s  
desirable. Due to  the long time span until  timber harvest, interim benefits 
such as wildlife habitat and recreational use also can be considered. 

For some timber production programs, especially with pine, planting of 
only one or two tree species may be desired. With hardwoods, mixtures of spe- 
cies more often are  preferred. Herbaceous and shrubby species can be included 
to provide in i t i a l  s i t e  protection and t o  add vegetational variety for  esthet-  
i c  values and for  the enhancement of wildlife habitat as an interim land use. 
However, shrubs should be limited to  25 percent or less of the total  planting 
because Federal standards require tha t ,  where commercial forest  i s  the ap- 
proved postmining land use, a t  least  75 percent of the countable trees and 
shrubs shall be commercial t ree  species a t  the end of the 5-year period of 
responsibi 1 i ty.  

Pure vs. Mixed Plantings 

Trees may be planted ei ther  in pure stands of a single species or in 
mixed plantings of two or more species. In general, stands of one species are 
easier t o  plant, manage, and harvest; b u t  they are more susceptible to  insect 
and disease epidemics, and lack diversity for visual quality and wildl i fe  
habitat. Mixed plantings improve the possibi l i t ies  for  natural regeneration 
and diversity,  and usually occupy the s i t e  more ful ly  than do pure plantings. 
The following are  some general guides for  pure and mixed plantinqs of t rees .  

Pure plantings of pine usually are favored over pine mixtures. Where two 
or more pine species are  desired, a block or group of several rows of one 
species should be alternated w i t h  blocks of the other species. A block or 
group should consist of a t  least  f ive rows. An exception may be a mixture 
of species w i t h  similar growth rates such as pitch and shortleaf pines. 

rlixing hardwoods with intolerant pine species i s  not recommended. Hard- 
woods usually shade out the pine. Mixing groups or blocks of pine and 
hardwoods are  acceptable, especially where diversity i n  cover types are  
desired for esthet ic  purposes and wildlife habitat .  Intimate mixing of 
tolerant conifers such as spruce and white pine w i t h  tolerant hardwoods 
and slow-growing hardwoods i s  acceptable. 

Hardwood species, such as hybrid poplar and European alder,  that  will pro- 
duce a quick crop (pulpwood) may be planted i n  a l ternate  rows w i t h  conifers 
(except larch with hybrid poplar). A coniferous stand will follow a f t e r  
the hardwoods are harvested. 

A few hardwoods--cottonwood, sycamore, and hybrid poplar--preferably 
should be planted in pure stands or block mixtures. Most other hardwoods 
also may be planted in pure stands or blocks, b u t  mixtures generally are  
recommended. 



5. Black locust, European alder,  or autunn olive may be beneficial as "nurse" 
species i n  hardwood mixtures. Red oak, white oak, chestnut oak, yellow- 
poplar, black walnut, sweetgum, green and white ash, and sugar maple are 
some of the most promising species for  planting with a nurse crop. The 
nurse species should generally make up  no more than one-fourth to  one- 
third of a hardwood mix. 

6. The presence of black locust and European alder will encourage the natural 
establishment of indigenous forest  species. Thus, planting mixtures of 
numerous t ree  species may, in the long run, offer l i t t l e  advantage over 
simple mixes that  include these nurse species. 

Examples of several hardwood mixtures for  timber production are  shown i n  
Table 10. Obviously, many combinations of species besides those suggested are  
possible, and the choice of species should be influenced by factors such as 
the natural range of the species, minesoi 1 character is t ics ,  avai labi l i ty  of 
planting stock, market preferences, potential commercial value and the char- 
acter  of the surrounding landscape. For a given local i ty ,  consult appropriate 
natural resource agencies or services and State revegetation guides for ad- 
ditional advice on forestry procedures and species selection. 

Tree-Herbaceous Combinations 

The seeding of herbaceous species before or concurrent w i t h  the planting 
of t rees  nearly always i s  required for preventing erosion. B u t  the herbaceous 
cover also may slow or prevent establishment of the t rees .  Where herbaceous 
cover i s  establ ished f i r s t ,  i t  may be necessary to  k i l l  or suppress i t  with 
herbicides or cultivation before planting t rees .  B u t  in the more humid re- 
gions of the East, especially in Appalachia, i t  i s  possible t o  establish t rees  
by planting them concurrent with the seeding of herbaceous species. 

The success or fa i lure  of trees planted concurrent w i t h  herbaceous seed- 
ings appears to  be partly, i f  not largely, related to  the amount and d is t r ib-  
ution of precipitation d u r i n g  the growing season. Results of limited research 
also suggest that  some herbaceous species are  more compatible than others w i t h  
woody species planted a t  the same time. For example, ryegrass and Ky-31 t a l l  
fescue are  more suppressive than weeping lovegrass to  the survival and early 
growth of direct-seeded black 1 ocust. 

In eastern Kentucky, where Ky-31 t a l l  fescue, sericea lespedeza, and 
Korean lespedeza were planted w i t h  t rees ,  the growth of t rees  was suppressed 
i n  cover tha t  was predominantly fescue b u t  a f t e r  3 years was favored in cover 
that  was predominantly lespedeza. Thus, legumes seem to be a bet ter  choice 
than grasses for  use w i t h  t rees ,  providing the legume plants are  not so large 
and dense that the t ree  seedlings a re  smothered before they can grow above the 
legume plants. Low-growing legume species and variet ies ,  therefore, are pre- 
ferred for  combination plantings w i t h  t rees .  In southern Appalachia, for  ex- 
ample, Kobe and Korean lespedezas are  frequently used as a ground cover with 
newly planted pine. Tall and aggressive legumes such as common sericea les- 
pedeza, crownvetch, and flatpea are  leas t  recommended for combination plant- 
i n g ~  with t rees .  Where cl  imaticall y adapted, the fol lowi ng herbaceous mixture 
is suggested for  a ground cover w i t h  t rees .  



TABLE 10. SUGGESTED HARDWOOD MIXTURES FOR PLANTING ON SURFACE-MINED LANDS 

Location Composition 
(percent) 

Northern 
Appalachia 

Central and 
Southern 
Appalachia 

Northern red oak 
Green or white ash 
European white birch 
Black locust or 

European a1 der 
A u t u m n  olive 

Ye1 low-poplar 
Northern red oak 
White or green ash 
Sycamore 
Black locust or 

European alder 

Lower Midwest Black walnut 
(Southern I1 1 i noi s, Yellow-poplar 
Southern Indiana, Sweetgum 
and Western Northern red oak 
Kentucky) S i  1 ver map1 e 

European a1 der 

Western Inter ior  
Region 

Bur oak 
Green ash 
Black walnut 
Black cherry 
Sycamore 
Black locust 

Spec i es Pounds per acre (PLS) 
Weeping 1 ovegrass 2 
Orchardgrass 5 
Korean or Kobe 1 espedeza 10 
Sericea 1 espedeza (cv. Appal ow) 8 

Temporary Cover-- 

Annual species may be used effectively i n  t ree  planting programs where 
a tempoflary cover i s  established one year and t rees  are  planted the followina 
spring. A heavy seeding ra te  of oats,  barley, wheat, or rye could be used 
where early spring seeding i s  required. Where adapted, Korean or Kobe les- 
pedeza seed could be included. For l a t e  spring and early summer seedings, 
summer annuals such as sorghum, pearl mil le t ,  and Japanese mil l e t  are  useful. 



Late summer and f a l l  seeding of winter annuals such as wheat, rye, annual rye- 
grass, and hairy vetch poses an additional problem for  t ree  planting in that  
these species will be established and actively growing in the spring when the 
newly planted t ree  seedlings are  trying to  become established. Herbicides or  
t i l l a g e  i n  spots or s t r ip s  may be required t o  suppress the fall-planted cover 
before the t r ee  seedlings are  planted. 

Seeding and Planting i n  Alternate Strips-- 

Trees and herbaceous cover can be establ ished together by seeding s t r ip s  
of herbaceous species that  a l ternate  with s t r ip s  planted only to  t rees .  The 
width of the seeded s t r i p s  can vary to  f a c i l i t a t e  the desired t ree  spacing. 
Where t rees  are  planted a t  an 8- by 8-foot spacing, for  example, a 5-foot-wide 
strip of a grass-legume seeding should al ternate  w i t h  a 3-foot-wide s t r i p  that  
i s  not seeded. The t r e e  seedlings are  planted 8 fee t  apart i n  the middle of 
the unseeded s t r i p .  The herbaceous cover i n  al ternating s t r ip s  will provide 
adequate ground cover for  erosion control yet produce minimum competition t o  
the t r ee  seedlings during the i n i t i a l  growth period. 

Alternate s t r i p  planting will work best on areas that  can be traversed 
with farm equipment, because a grain or grass seeding d r i l l  and a pull-type 
f e r t i l i z e r  spreader would be most useful for  establishing s t r ip s  that  a re  un- 
iform i n  w i d t h .  On sloping land the s t r ip s  should run on contour. 

WILDLIFE HABITAT 

The place where a wildl i fe  species usually l ives i s  called i t s  habitat. 
The basic components of habitat are  food, cover, water, home range, and inter- 
spersion. A1  1 are  essential for  the success of wild1 i f e .  Food provided by a 
variety of plants must be available during a l l  seasons and within foraging 
range of protective cover. Different types of plant cover are  required for  
different purposes such as brooding and nesting, escape, and s.helter. Some 
species of wildl i fe  require open water; others obtain moisture from succulent 
plants, dew, or the i r  own metabolic processes. The home range of a species is 
the s ize of i t s  habitat or living area. The required s ize varies for  differ-  
ent species. Interspersion i s  the arrangement of food, cover, and water with- 
in the l i v i n g  area of a species. Food and cover that  otherwise meet the needs 
of a species may be of l i t t l e  value where they are  not properly interspersed. 

Habitat for  wildl i fe  can be developed ei ther  as the primary land use or 
in association w i t h  other land uses. However, i t  should not be assumed that  
every revegetation ef for t  will automatically develop or improve wildl i fe  
habitat. Most any vegetational community will in some degree contribute to  
habitat ,  b u t  the best habitat i s  developed by planning and providing for  the 
needs of the desired wildl i fe  species. In revegetating surface-mined areas, 
the maximum benefit for  wildl i fe  usually i s  obtained by establishing vegeta- 
tional communities that  are not presently available or that  are in short sup- 
ply in the vicinity.  For example, i n  a region tha t  i s  predominantly deciduous 
forest ,  communities of coniferous t rees  where established will provide greater 
diversity of food and cover than plantings of mixed hardwoods. Because they 



o f t e n  a r e  l a c k i n g  i n  fo res ted  and a g r i c u l t u r a l  areas, shrub communities are  
e s p e c i a l l y  b e n e f i c i a l  t o  w i l d l i f e .  

Each species o f  w i l d l i f e  has d i f f e r e n t  h a b i t a t  requirements. Thus, the  
vegetat ion es tab l ished f o r  d i f f e r e n t  land uses w i l l  a f f e c t  t he  d i v e r s i t y  and 
p r o d u c t i v i t y  of w i l d l i f e  populat ions.  For example, b i r d  populat ions i n  the  
East a r e  most d i ve rse  and product ive  i n  a  mixed hardwood f o r e s t .  D i f f e r e n t  
species of b i r d s  a r e  a t t r a c t e d  t o  and i n h a b i t  open grasslands; o thers  p r e f e r  
edges between fo res t  and grassland t h a t  a r e  p a r t i a l l y  vegetated w i t h  shrubs 
and small t rees .  Thus, even i n  a  fo res ted  region,  t he  o v e r a l l  d i v e r s i t y  of 
b i r d  species i s  increased by developing shrub and grassland -vegetat ional  types 
on surface-mined areas. S i m i l a r l y ,  t h e  p l a n t i n g  o f  t r e e  and shrub communities 
i n  grassland and a g r i c u l t u r a l  regions w i l l  increase the  d i v e r s i t y  o f  b i r d s  
and mammal s. 

Hab i ta t  can be developed on mined land t o  favor  one o r  two species, sev- 
e r a l  species, o r  w i l d l i f e  i n  general. But newly revegetated sur face mines 
should n o t  be expected t o  p rov ide  h a b i t a t  f o r  a l l  r es iden t  species o f  w i l d -  
1  i f e .  For example, s q u i r r e l  s  i n h a b i t  f o r e s t s  i n  advanced stages o f  succession. 
Ruffed grouse and w i l d  t u rkey  may de r i ve  b e n e f i t  on ly  from those newly reveg- 
e ta ted  s i t e s  t h a t  a re  adjacent  t o  o r  in te rspersed w i t h  na tu ra l  undisturbed 
f o r e s t  o r  woodland. For bobwhite qua i l ,  c o t t o n t a i l  r a b b i t ,  w h i t e - t a i l  deer, 
and o ther  species, how l i t t l e  o r  how much of t h e  h a b i t a t  requirement i s  de- 
r i v e d  from the  e a r l y  stages o f  revegeta t ion  depends on the  s i z e  of t he  area; 
type, age, and i n te rspe rs ion  o f  p lanted vegetat ion;  and the  type and i n t e r -  
spersion o f  land uses i n  t h e  surrounding unmined areas. Thus, h a b i t a t  re -  
quirements should be determined before  at tempt ing t o  e s t a b l i s h  h a b i t a t  f o r  
p a r t i c u l a r  species o f  w i l d l i f e .  

Herbaceous Mixtures 

Grass-legume mixtures s i m i l a r  t o  those l i s t e d  i n  Table 9 a r e  suggested 
f o r  seeding on steep slopes and o ther  areas sub jec t  t o  severe erosion. For 
o the r  s i t e s ,  grasses such as orchardgrass, t imothy,  deertongue, Kentucky and 
Canada bluegrasses, and smooth bromegrass are  recommended i n  p lace o f  Ky-31 
ta l .1  fescue i n  seed mix tures  f o r  w i l d l i f e  h a b i t a t .  S i m i l a r l y ,  l i m i t e d  use 
should be made o f  common ser icea lespedeza, crownvetch, and f l a t p e a  because 
these legumes u s u a l l y  dominate the  vegetat ional  cover and l i m i t  t he  d i v e r s i t y  
i n  food and cover. Also, t h e  dense p e r s i s t e n t  cover o f  these legumes may r e -  
t a r d  o r  prevent t h e  invas ion  and establ ishment o f  indigenous p l a n t  species 
t h a t  c o n t r i b u t e  t o  h a b i t a t  d i v e r s i t y .  Herbaceous legumes t h a t  a r e  des i rab le  
food p l a n t s  bu t  l e s s  aggressive and p e r s i s t e n t  than the  th ree  mentioned pre- 
v i o u s l y  should be used. These inc lude red  c lover ,  wh i te  c lover ,  a l s i k e  
c lover ,  a l f a l f a ,  b i r d s f o o t  t r e f o i l ,  p a r t r i d g e  pea, p r o s t r a t e  lespedeza, and 
the  annual lespedeza species. 

Mix tu res  o f  n a t i v e  warm-season grasses--swi tchgrass, Indiangrass, b i g  
bluestem, and l i t t l e  bluestem--are usefu l  f o r  p rov id ing  nes t ing  cover f o r  
c e r t a i n  game b i r d s  and c o t t o n t a i l  r a b b i t .  Mixtures conta in ing  Japanese m i l l e t ,  
redtop, reed canarygrass, and a1 s i  ke c l o v e r  a re  suggested f o r  wet o r  poo r l y  



drained areas and pond borders. Mixtures seeded in food patches for  game and 
song birds could i  ncl ude common sunflower , cowpea, soybean, broomcorn mi 11 e t ,  
foxtail mil 1 e t ,  browntop mi 11 e t ,  or buckwheat. 

Woody Plant Mixtures 

Trees and shrubs are important components of wildl i fe  habitat. In f ac t ,  
development of wildl i fe  habitat i s  a major reason for  planting shrubs on re- 
claimed surface mines (Figure 16). For wildl i fe  p l a n t i n g ~ ,  shrubs and t rees  
usually are  planted in rows, clumps, or blocks of a single species. Adjacent 
rows of different  shrub or t r ee  species can be employed t o  develop a "tepee" 
effect ;  that  i s ,  the t a l l e s t  species are  planted in the center row of a s t r i p  
and shorter species a re  planted i n  the outer rows. 

Figure 16. An informal planting of bicolor lespedeza tha t  provides cover and 
food for  wildlife.  

Many woody plants provide both food and cover, b u t  the relat ive impor- 
tance of these values varies with different species of wildlife.  Time of 
f r u i t  or seed maturity and the duration of f r u i t  or seed retention on the 



plant differ  among tree and shrub species. Plant 
differ  in time of maturity and retention of f ru i t  
food i s  available to wildlife. 
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The benefits of woody plants t o  wildlife do not  occur as quickly after  
planting as they do with some herbaceous plants. For most woody species, 3 
or more years of growth are required before they contribute effective amounts 
of cover and food t o  the wild1 i fe  habitat. Some tree species, such as some 
of the oaks, may require many years before they contribute mast to the habitat. 
Thus, wildlife plantings should include a variety of woody plants that will 
provide food continuously for a relatively long period. 

Planting Patterns 

Diversity i s  the basic principle in developing habitat for wildlife. 
Planting patterns t h a t  provide variety and diversity in types and arrangement 
of vegetation are the most beneficial when a l l  species of wildlife are con- 
sidered as a group. For example, the planting of trees and shrubs in rows, 
str ips,  clumps, and blocks in and around open areas seeded to  herbs creates a 
desirable interspersion of food and cover types and provides for better dis- 
tribution of wildlife (Figure 17 ) .  

Habitat can be improved on any reclaimed s i t e  by alternate rather than 
solid plantings of trees, shrubs, and herbs. For example, where contour min- 
ing creates a highwall, bench, and outslope, a basic planting pattern in the 
Appalachian hardwood forest region could be as follows: ( 1 )  plant several 
rows of conifers parallel and adjacent to the highwall ; (2) plant str ips,  
blocks, or clumps of shrubs alternating with str ips or blocks of herbs on the 
bench; (3) plant several rows of conifers along the edge of the bench ad- 
jacent to the outslope; and (4) plant the entire outslope w i t h  herbs and sev- 
eral s tr ips of shrubs or black locust trees. 

A suggested pattern for expansive s i tes  such as leveled off ridgetops 
would include strips of grass-legume mixtures 100 t o  150 feet wide a1 ternating 
with str ips of shrubs and trees 30 t o  50 feet wide. In some of the woody plant 
str ips,  the inner rows should be trees and the outer rows shrubs. Clumps of 
fruit-producing trees also can be placed randomly throughout the open areas. 
Where an area i s  less than 150 feet wide, one to three rows of woody vegeta- 
tion through the middle, or scattered clumps of woody plants, may create 
sufficient diversity in habitat. The open areas, seeded to grasses and le- 
gumes, should be a t  least 112 acre b u t  no more than 5 acres. 

Wildlife habitat can be incorporated with other land uses chosen for the 
reclaimed mine. Single rows of dense shrubs between small pastures and crop 
fields can provide escape cover, shelter, and variety in food for game birds 
and small mammals. Extensive tracts revegetated for pasture, hay, or range 
can be diversified with occasional str ips ( u p  to 20 feet wide) of shrubs such 
as autumn 01 i ve, amur privet, shrub 1 espedeza, shrub honeysuckles , arrowwood, 
or rose-acacia. Similar plantings may also serve as woodland-field borders 
a t  the edge of pastures or cropland. Several rows of conifers and shrubs or 
small, fruit-producing trees planted a t  right angles to the direction of the 



Figure 17.  Interspersion of trees,  shrubs, herbs, 
vides habitat diversity that  i s  essent 

water, and landform pro- 
ia l  for  wildlife.  

prevailing winds can provide windbreaks for cropland or pasture while improv- 
ing nesting, escape, and winter cover for  game birds 

The boundaries or  edges of plantings need not be uniform or exacting. 
Ragged,irregular edges increase the value of a planting to wildlife,  and they 
also may add esthet ic  in te res t  to  a s i t e .  

Mixed forest  plantations will provide good habitat  for  most species of 
wildlife that  naturally inhabit forest  land. Establishing blocks of conifers, 
up to  1 acre in s ize ,  within larger plantations of mixed hardwoods increases 
the variety of available food and cover types while providing potential wood 
products. Blocks of hardwoods may be separated from the conifers by grass- 
legume s t r ip s  to  provide more edge and open areas. Food patches of 1/8 to  
1 /2  acre seeded to species such as cowpea, partridge pea, soybean, wheat, 
white clover, or orchardgrass will benefit some species of wildl i fe  i n  a for- 
e s t  area. One food patch in about 40 acres i s  suggested. Prescribed harvest- 
ing of pulpwood and timber also may create diversity in wildl i fe  habi tat ,  

Vegetation, especially forest  vegetation, changes w i t h  time; in turn, 
the quality and quantity of food and cover available for wildlife will be 



altered as the forest  canopy closes in. To counteract t h i s  natural process of 
change, maintenance procedures are  necessary. For example, open areas tha t  
become overgrown with woody plants may require cutting, discing, or controlled 
burning and reseeding to  extend the 1ongevi.t~ of the desired type of habitat .  

The preceding discussion focuses on planting patterns for  habitat  for  
wildlife i n  general. Obviously, where habitat  i s  desired primarily for  one or 
two species of wildl i fe ,  variations in plantinq patterns must be provided that  
are  most beneficial t o  those species. Additional recommendations on habitat  
requirements, management of the wildl i fe ,  and maintenance of habitat  should 
be obtained from professional wildl i fe  biologists and other reference sources. 

ESTHETICS 

Esthetic values should be considered in plans for revegetating surface- 
mined lands. The concept of esthet ics  involves a1 1 of the senses, b u t  i t  i s  
most often equated with the visual sense t o  denote quality and attractiveness 
or "visual appeal" of the landscape scene or scenes being viewed. The major 
components of the character is t ic  landscape are  landform, vegetation, water 
forms, and structures.  

Vegetation removal during mining and reestabl i shment during reclamation 
create significant changes in the visual relationships of cover types, pat- 
terns,  and open spaces. This i s  especially noticeable in landscapes with 
continuous forest  cover as found in Appalachia. Revegetation for  esthet ic  
purposes i s  concerned w i t h  reestablishing the visual character of the land- 
scape by integrating the postmining land use or uses of the reclaimed area 
w i t h  the surrounding area. 

Land use objectives and an evaluation of the character is t ic  landscape 
should guide revegetati on treatments and esthet ic  design. Revegetati on plans 
should include the following design considerations. 

Selection. Species that  have visual s imilar i ty  to  those in surrounding 
unmined areas should be used to  minimize contrasts in color and texture. The 
use of mixtures of shrubs and t rees  will avoid a monoculture e f fec t ;  herb- 
aceous material alone will not always make a reclaimed s i t e  visually com- 
pati bl e .  

Function. Introduce vegetation of varying height and configuration to  
define space, separate incompatible uses, blend and soften the impact of 
structures,  and mask or screen visually objectionable or undesirable objects 
and views which have visual contrast. 

Arrangement. Visual in te res t  in the landscape depends on the composition 
and patterns of openings in forested lands, or plantings of t rees  and shrubs 
in open, nonforested lands. The physical arrangement and location of plants 
should be related t o  the natural pattern of existing vegetation t o  complement 
surroundings. 



Variety. Landscapes rich in variety are desirable. Vegetation can en- 
hance an area where there i s  l i t t l e  variety. For example, species can be i n -  
troduced to  provide spring color, t o  highlight f a l l  color, and to  create con- 
t r a s t  (conifer with deciduous) in form, foliage, growth habit ,  and s ize.  
Openings can add variety to  a forested landscape that  otherwise might be a 
monotonous cover of trees.  

Viewing Distance. The distances from which reclaimed areas a re  viewed 
may d i f fe r  greatly. As these distances d i f fe r ,  the observer's impression of 
the visual contrast will change. For example, the s ize and shape of a re- 
claimed area appears larger where the key viewing point i s  re lat ively close, 
and smaller where i t  i s  f a r  away. 

Size and shape. For es thet ic  improvement, the s ize  and shape of open- 
ings or plantings should be varied according to  the viewing distance. Geo- 
metric-shaped openings usually ar'e unnatural forms. Irregular and free-form 
shapes expose less  area t o  view, soften the visual contrast between plantings 
and openings, and simulate natural conditions . Strategically 1 ocated islands, 
clumps, and groups of vegetation help to  a1 t e r  the apparent s ize or shape of 
openings. 

Edge. Changes i n  vegetational types often create abrupt visual contrast 
due to  differences in soi l  o r  vegetation color and types. For example, i n  
Appalachia, many contour surface mines a re  located in forests .  Reclamation 
w i t h  herbaceous material creates an abrupt, sharp edge between the opening 
and surrounding undisturbed woods. This unnatural configuration can be modi- 
fied by planting shrubs and small t rees  t o  undulate or feather the edge be- 
tween the openings and undisturbed forest .  

Spacing. Openings and plantings that  are  uniform and regimented in s ize ,  
shape, and spacing seldom are visually pleasing and lead to  monotony and lack 
of unity i n  the landscape. Dispersal and irregular spacing can be used to  
minimize contrast .  

Vistas. Where there are  worthwhi 1 e opportunities, select  individual or 
groups of t rees ,  such as conifers and flowering t rees ,  t o  accentuate, focus, 
frame, and give scale and dimension t o  views of outstanding physical features 
(rock outcrops, 1 akes, streams, fa1 1 s ,  etc.  ) and panoramas of the landscape. 

Additional recommendations on planning and designing visual quality re- 
quirements, landscape management, and maintenance of the landscape character 
should be obtained through the services of a landscape archi tect .  
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