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An Evaluation of 

f REES and SHRUBS 
for Planting Surface-Mine Spoils 

ABSTRACT 

Fifty-five tree and shrub species were evaluated on two surface- 
mine sites in eastern Kentucky. After 4 years' growth, comparison 
of survival and growth was used to identify the promising species 
for planting on acid surface-mine spoils. Three species of birch anci 
three Eleagnus species survived and grew well on a range of sites. 
Noncommercial tree species and shrubs adapted to acid surface- 
mine spoils included silktree, tree-of-heaven, French tamarisk, 
Japanese fleeceflower, and Amur privet. 

FIELD TR 
suitability 

JALS HAVE suggested the 
of many tree species for the 

reforestation of surface-mine spoils ( I ,  2, 3, 
4, 5, 6, '7). Results from these trials have 
provided guidelines for selecting appropriate 
species for specific sites-usually tree species 
that  would produce forest products with tan- 
gible commercial value. Species with little 
or  no commercial value have seldom been 
included in these evaluations. 

Today more emphasis is placed on site pro- 
tection. There is a need for vegetation that  
will rapidly develop a protwtive cover as 
well as  species that  will provide long-term 
site protection. Trees and shrubs that  will 
grow rapidly on a broad range of site con- 
ditions have become as important as  species 
with commercial value. 

In addition to site protection, more con- 
sideration is now being given to species that  

will enrich the soil and provide food and 
cover for wildlife. Soil enrichment is neces- 
sary for continued site protection, and wild- 
life plantings are becoming more important 
a s  pressures for recreation uses of the land 
increase. 

Fifty-five tree and shrub species were 
evaluated in this study to determine their 
survival and growth on acid surface-mine 
spoils. These species provide one or more of 
the following benefits: potential economic 
value, wildlife food and cover, soil enrich- 
ment by nitrogen fixation, and aesthetic 
amelioration. Species showing rapid growth 
on a variety of site conditions are considered 
most attractive for surface-mine revegeta- 
tion. The results of this evaluation help us 
to identify tree and shrub species that de- 
serve expanded use on areas disturbed by 
surf ace-mining. 



STUDY DESCRIPTION 

A total of 28 tree species and 27 shrub 
species seldom planted on surface-mined 
sites were evaluated (tables 1 and 2).  
Planting stock was obtained from private, 
state, and federal nurseries, Selections from 
available stock were based on published and 
ullpublished information from surface-mine- 
spoil plantings: literature on the geographic 
range of the plant ; and references indicating 
the suitability of specific plants to acid and 
drastically disturbed sites. There was little 
informaion about some species, but interpre- 
tation of the available facts indicated possi- 
ble survival on surface-mine spoils. For ex- 
ample, acid soils are  required for the produc- 
tion of blueberries. 

The study was established a t  two locations 
in Kentucky. Site 1 is located near London, 
Kentucky. Site 2 is located west of Middles- 
boro, Kentucky. The elekTations a t  these sites 
are between 1,000 and 1,500 feet above sea 
level. 

At each site, 12 blocks were planted to 
trees, and 12 blocks were planted to shrubs. 
Within eaeli block, one species was randomly 
assigned to a 6-x-6-foot plot. Four seedlings 
spaced 3 x 3 feet apart  were planted in each 
plot. Therefore, the evaluation of many 
species was based upon 96 seedlings planted 
in 24 plots a t  two sites. For some species, 
only a small number of seedlings were avail- 
able. Seedlings for these species were plant- 
ed on one site in as many blocks as possible. 
All stock was bare-rooted except rhododen- 

Ta bie I .-Trees evaluated 

Scientific namell 2 Common n a m 4  

COMMERCIALLY IMPORTANT 
A bies f raseri Poir. Fraser  fir 
Betula lentn L. Sweet birch 
Betula lutea Michx. Yellow birch 
Betala pendulata Roth. European white birch 
Tlzuja occidental8 L. White cedar 
Magnolia acuminata L. Cucumbertree 
Nyssa sylvatica Marsh. Blackgum 
Pinus nigra Arnold. Austrian pine 
Pinus thunbergi Parl. Japanese black pine 
QZLC~CZLS coccinea Muenchh. Scarlet oak 
Quercus macrocarpa Michx. Bur oak 
Quercus palustris Muenchh. Pin oak 
Quercua serrata Thumb. Sawtooth oak 
Tilia eordata Mill. Littleleaf linden 

NONCOMMERCIAL OR ORNAMENTAL 
Acer negunclo L. Boxelder 
Ailanthz~s altissi?na Swingle. Tree-of-heaven 
Albixzia julibrissin Burozz. Silktree 
Gleditsiu triacccnthos inermis Purch. Thornless honeylocust 
Morns alba tatnrica Seringe. Russian mulberry 
iworus nigra L. Black mulberry 
Oxydcndrun nrhoreu??? DC. Sourwood 
Sophora japonica L. Japanese pagodatree 
UE?nus pumila L. Siberian elm 

TALL SHRUB OR SMALL TREES 
Caragana arborescen,s Lam. Siberian peashrub 
Cornus f E o ~ d a  L. Flowering dogwood 
Co tinus ohovatzts Raf. American smoketree 
Cra taegus spp. Hawthorn 
Tnmtarix gallien L. French tamarisk 

1 Little, Elbert L., Jr. Check list of native and naturalized 
trees of the United States. U.S. Dep. Agric, Handb. 41. 471 p. 
1953. 

2 Fernald, Merritt L. Gray's manual of botany. Ed. 8, 1631 
p. American Rook Company. 1950. 

3 Kelsey, Harlan P., and William A. Dayton. Standardized 
plant names. 675 p. J. I-Iorace McFarland Company. 1942. 



Table 2.-Shrubs evaluaied 

Scientific namel. 2 

4 TO 6 METERS 
Anzorpfza f rztticosa L. 
Ceplzalantkus occidentalis L. 
Cotoneaster acutifolia Turez. 
Elaeagnus angmstifolz'a L. 
Elaeagnzcs pzhngens Thumb. 
Ekaeagnus umbellata Thumb. 
Ligztstrum amurense Carr. 
Ligz~struln  sinense Lour. 
Lonicera korolkowi: xabeli Rehd. 
Syr inga  chiinensis Willd. 
Vibu~anum d e n t a t l ~ m  L. 

1 TO 3 METERS 
Berberis vulgaris L. 
C o r n s  amomurn Mill. 
Cy t isus scoyarius Lk. 
Elaeagnus multi f lora Thumb. 
Hibiscus syriacus L. 
Hydrangea quercifolia Bartr. 
Lonicera tartarica L. 
Polggonzcm cuspidaturn Sieb. & Zucc. 
Prinsepia sinensis Oliver. 
Rhododendron catawbiense Michx. 
Symphor icarpu .~  orbiculatus Moench. 
Vacciniurn spp. 

Common name3 

TALL 
Indigobush 
Comnion buttonbush 
Peking cotoneaster 
Russian olive 
Thorny olive 
Autumn olive 
Amur privet 
Chinese privet 
Blueleaf honeysuckle 
Chinese lilac 
A r r o ~ v - w d  viburnum 

TALL 
European barberry 
Silky dogwclod 
Scotch broom 
Cherry olive 
Shrub-althea 
Oakleaf hydrangea 
Tartarian honeysuckle 
Japanese fleeceflower 
Cherry prinsepia 
Catawba rhododendron 
Coralberry 
Blueberry 

TRAILING STEMS 
Rosa multi f lora Thumb. Multiflora rose 
Rosa rugosa Thumb. Rugosa rose 
Rubus  spp. Dewberry 
Rubus  spp. Blackberry 

1 Little, Elbert L., J r ,  Check list of native and naturalized 
trees of the United States. U.S. Dep. Agric. Handb. 41. 471 p. 
1953. 

2 Fernald, BiIerritt, L. Gray's manual of botany, Ed. 8, 1631 
p. American Book Company. 1950. 

3 Kelsey, Harlan P., and William A. Dayton. Standardized 
plant names. 675 p. J. Horace McFarland Company. 1942. 

dron, which was packed and planted with a 
small ball of nursery soil around the roots. 

Plot size was designed to minimize spoil 
differences between planting holes and to 
simplify spoil-sampling procedures. After 
the seedlings were planted, a sample of sur- 
face spoil was collected from the center of 
each plot. Standard laboratory procedures 
were used to determine pH and total solu- 
ble salts. Available phosphorus was deter- 
mined by the Bray No. 1 method. 

A t  the end of the fourth growing season, 
species survival was determined, and the 
total height of each living plant was mea- 
sured to the nearest tenth of a foot. Height 
measurements for all species represent the 
distance from the ground line to the tip of 
the longest branch when fully extended. This 

procedure was adopted because the growth 
forms of the species varied. 

SPOIL CHARACTERISTICS 
AT PLANTING SITES 

The spoils a t  Site 1 are predominantly 
gray and black shales, which had a pH of 4.5 
or less a t  the time of establishment (table 3 ) .  
Forty pereent of all samples collected bad a 
total soluble-salt concentration of 0.50 
n1mliosfcm or less (table 4). Available 
phosphorus was low to very low (less than 
7 ppn1) in about 60 percent of the samples 
(table 5 ) .  The spoil was less than a year old 
when planted. All blocks were established on 
relatively flat, graded portions of the dis- 
turbed area. 



Table 3.-Distribution of spoils by p H  classes, Site 2 permitted conlparisons of survival and 
in percent growth with pH and pliosphorus values. For  

- 
Shrub blocks Tree blocks these evaluations, the acid spoils of Site 2 

p H  class -- Site I Site Site I Site were designated Site 2-A ; and the neutral to 

2.6 to 3.5 27.2 16.2 8 15.3 
slightly alkalille spoils were referred t o  a s  

3.6 to 4.5 68.1 36.8 72.3 40.2 Site 2-B. 
4-6  to 5.5 4.0 0.6 9.2 1.5 
5.6 to 6.5 .7 2.8 .4 2.9 
6.6 to 7.5 25.7 - 25.9 RESULTS 
1.6 to 8.5 - 17.9 - 14'2 Tree Species 

The 28 species of trees were grouped into 
three classes : (1) commercially important ; 

Table 4.-Distribution of spoils by total (2) noncommercial or ornamentals ; and (3) 
soluble-salt classes, in percent species that could be classified either as tall 

----- shrubs or as small trees. For each species, 
soluble-salt class Shrub b l o k  -%%&kk- survival and total height were computed by 

(mmhoslcm) Site 1 Site 2 Site 1 Site 2 sites and for both sites combined. 
0.01 to 0.25 38.6 76.9 43.3 72.8 
0.26 to 0.50 48.6 21.1 49.6 23.7 Silktree, thornIess honey locust, and haw- 
0.51 to 0.75 7.1 1.7 4.9 1.0 thorn had the highest survival rates for those 
0.76 to 1.00 2.7 .3 1.6 
1.01 + 3.0 - .6 species planted i n  both sites (table 6). Scar- 

let oak planted on three plots on Site 2 sur- 
vived well. Siberian elm and French tama- 

Table 5.-Distribution of spoils by avaiiable- 
phosphorus classes, in percenf 

Available- 
phosphorus 

class 
( ppm 1 

Shrub blocks Tree blocks 
Site I Site 2 Site 1 Site 2 

A t  Site 2, the spoil was a mixture of sand- 
stone and shale having a brown to gray 
color. Half of the blocks were established on 
extremely acid spoil that  had a pH of 4.5 or 
less. The other blocks had spoils with near- 
neutral to slightly alkaline reaction. All 
spoils had a very low soluble-salt concentra- 
tion, Seventy-five percent had col~centrations 
of 0.25 mmhoslcm or  less. Available phos- 
phorus was very low (3 ppm or less) a t  95 
percent of the sample points, The spoil was 
less than a year old. All blocks were estab- 
lished on a regraded bench. 

The variation in site characteristics be- 
tween Sites 1 and 2 and the extremes within 

Table 6.-Survival of tree species, in percent 

Species Site 1 Site 2 Both Sites 

COMMERCIALLY IMPORTANT 
Scalet oak * 85 8 5 
Littleleaf linden 40 46 42 
Pin oak 42 40 4 1 
White cedar * 40 40 
Yellow birch 35 44 4 0 
Sweet birch 40 40 40 
Sawtooth oak * 33 33 
Bur oak 29 27 2 8 
White birch 35 17 2 6 
Austrian pine 2 9 4 17 
Blackgum 6 14 10 
Japanese black pine 8 4 6 
Fraser  fir 0 6 3 
Cucumbertree 0 2 1 

NONCOMMERCIAL OR ORNAMENTAL 
Silktree 94 75 84 
Thornless honeylocust 75 68 7 2 
Siberian elm 67 33 51 
Tree-of-heaven 4 6 54 5 0 
Japanese pagodatree 29 69 4 9 
Boxelder 2 1 35 28 
Black mulberry 2 6 5 15 
Sourwood 15 14 14 
Russian mulberry 17 0 9 

TALL SHRUBS OR SMALL TREES 
Hawthorn 5 6 64 62 
French tamarisk 71 2 0 4 8 
Siberian peashrub 44 4 6 4 5 
American smoketree 21 4 13 
White dogwood 13 6 10 

* This species was not planted on this site. 



r isk survived well on Site 1. On Site 2, Jap- 
anese pagodatree ranked third in survival. 

Japanese black pine, blackgum, Fraser fir, 
cuculzlbertree, Russian mulberry, and white 
dogwood had very low overall survival rates. 
Survival of Austrian pine, black mulberry, 
and American smoketree was low; but it  was 
better  on Site 1, which had more phosphor- 
us a n d  soluble salts. 

Rapid growth is considered an advantage 
for site protectiorl and yield. Of all tree spe- 
cies evaluated, European white birch made 
the most rapid growth (table 7 ) .  It grew 
equally well on both sites. French tamarisk, 
silktree, sweet birch, and yellow birch were 
ranked next in overall growth. 

Cucumbertree and Fraser fir were definite- 
ly off-site, and grew very slowly. Sourwood, 
Japanese pagodatree, blackgum, and Ameri- 
can smoketree grew slowly and could not be 
considered suitable trees for site protection. 

Seven species ranked high in both survival 
and growth were used for comparison of tree 
response to selected chemical characteristics 
of the  spoil, Two variables, pH and phos- 
phorus, were used. Soluble salts were low on 

Table 7.-Mean total height of tree species affer 
four growing seasons, in feet 

Species Site 1 Site 2 Both Sites 

CO3IXERCIALLY IMPORTANT 
White birch 8.5 8.1 8.4 
YeIlosv birch 4.5 3.7 4.1 
Sweet birch 4 3  3.7 4.0 
Pin oak 3.5 6.5 3.8 
Scarlet oak - 3.5 3.5 
Sawtooth oak - 3.2 3.2 
Japanese black pine 2.5 3.0 2.7 
White cedar 2.4 2.4 
Bur oak 2.6 1.9 2.3 
Austrian pine 2.0 .7 1.8 
Littleleaf linden 1.2 2.0 1.6 
Blackgum 1.8 1.4 1.5 
Cucumbertree - .5 .5 
Fraser fir .5 .5 

NONCOMMERCIAL OR ORNAMENTAL 
Silktree 5.7 4.0 4.9 
Tree-of-heaven 3.9 5.8 3.8 
Siberian elm 3.2 4.2 3.5 
Boxelder 2.7 4.4 2.8 
Black mulberry 3.6 3.3 2.7 
Russian mulberry 2.4 2.4 
Thornless honeylocust 2.4 2.2 2.3 
Japanese pagodatree 1.2 1.7 1.4 
Sourwood .8 1.6 1.2 

TALL SHRUB OR SMALL TREE 
French tamarisk 6.0 11.0 7.0 
White dogsrood 2.1 3.6 2.4 
Hawthorn 2.4 2.1 2.2 
Siberian peashrub 1.5 2.4 2.0 
American smoketree 1.8 .4 1.6 

Table 8.-Mean height and survival of tree species, by site 

Species 
Site characteristics 

s i t e  E:ilt ~uu'vival Soluble 
pH salts 

Feet 
White birch .............. 1 8.6 

2-A 8.4 
2-B 5.9 

Yellow birch ............ 1 4.5 
2-,4 5.0 
2-B 6.1 

Sweet birch .............. 1 5.9 
2-A 2.7 
2-R 2.5 

Pin oak .................... 1 3.5 
2-A 3.3 
2-B 1.6 

Silktree .................... 1 5.7 
2-A 3.8 
2-B 4.5 

Tree-of-heaven ........ 1 3.9 
2-A 3.8 
2-B 3.1 

French tamarisk .... 1 6.0 
2-A - 
2-B 8.7 



all sites and probably did not influence sur- should be discouraged because they have no 
viva1 or growth. specific advarltage over other species. 

T h e  plots on Site 2 were subdivided into Growth of autumn, thorny, and cherry 
two groups for these comparisons. Site 2-A olive was better than that of many other 
included plots having low pH: and very low shrubs (table 10). Russian olive may not be 
phosphorus. The Site 2-13 plots were charac- adapted to these sites because only a few 
terized by high pH and very low phosphorus. plants survived on the neutral spoils on Site 
Tree  growtti on these two plots was com- 2. Japanese Aeeceflower and rnultiflora rose 
pared to the survival and growth on all plots grew well and had higher survival and 
on Site 1. The Site 1 plots had low pH and growth on Site 1. 
low phosphorus. Species that grew very slowly were blue- 

Sweet birch and silktree made their best berry, Catawba rhododendron, cherry prin- 
growth on Site 1. This site was characterized sepia, and rugosa rose. These probably 
by a pH around 4.0, and by 6 to 8 ppm phos- would provide little site protection after 4 
phorus, These same species made slower 
growth and had lower survival on Site 2-A. 
The  Bray No. 1 test indicated about one- 
fourth as much phosphorus in the Site 2-A 
spoil as in the Site 1 spoils. 

On Site 2-B, which was characterized by a 
pH of 7 to 8 and 1 to 3 ppm phosphorus, 
European white birch, sweet birch, pin oak, 

years-rowth on acid surface-mine spoils. 
Growth and survival were used to identify 

species poorly adapted to acid sites. On this 
basis, Chinese lilac, blueleaf honeysuekle, 
cherry prinsepia, Catawba rhododendron, 
dewberry, blackberry, and rugosa rose were 
judged to be least suited to these sites. 

Seven species ranked high in both survival 
and silktree made their slowest growth. 
Yellow birch and French tamarisk had high 
survival and grew well on this site. The 
growth of tree-of-heaven was similar on all Table 9.-Survival of shrubs, in perceni 

sites, but survival was best on Site 2-13 
(table 8). Species Site 1 Site 2 Both sites 

4 TO 6 METERS TALL 
Shrub Species Indigobush 9 0 

* 9 0 
Common buttonbush * 83 83 

Many shrub species are characteristically ~ ~ $ ~ ~ ~ ~ ~ ~ ~ ~ e a s t e r  64 6 5 90 38 7 51 6 
low-growing plants that  range widely in stem Autumn olive 54 42 48 
form. These were grouped by the following $ ~ ~ ~ ~ ~ ~ ~ e t  42 44 3 8 6 40 2 9 
height classes : (1) maximum height 4 to 6 Chinese lilac 6 43 24 

meters ; (2) maximum height 1 to 3 meters; ~ f ~ , " ~ ; ~ ~ ~ ~ ~ ~ , " ~ ~ l " , m  15 18 3 14 9 
and (3) species with trailing stems. The Russian olive o 14 7 
survival and total height of each shrub spe- 1 TO 3 METERS TALL 
cies were computed for individual sites and Jawanese fleeceflower 96 66 80 
for  both sites combined, ~ g r a l b e r r y  6 5 5 5 6 0 

Cherry olive 44 5 6 5 0 
Thorny olive and Japanese fleeceflower E ur,,,,, barb ,,,, 4 0 48 43 

had the highest survival on both sites (table ~ l u e s e r r y  2 7 60 42 
Silky dogwood 40 25 9) .  Indigobush planted on Site I and but- Catawbarhododendron 19 

34 
4 0 2 8 

tonbush plallted on Site 2 had high strrvival, Shrubalthea 15 41 2 7 
Tartarian honeysuckle 38 15 but their adaptability to different site condi- Oakleaf hvdrantrea 

2 6 
21 25 2 3 

tions could not be determined. These species Cherry p6nsepii * l'i 18 
Scotch broom 8 0 4 sllould be evaluated in future studies. 

Arrow-wood viburnum, blueleaf honey- TRAILIizTG STEMS 
suckle, Russian olive, cherry prinsepia, scotch ~ ~ ~ $ ~ e ~ ~ ~  
broom, and all of the shrubs with trailing MuitiAora rose 
stems had very low survival. The use of these I I 6 9 

species on sites with similar characteristics . This was not planted on this site. 



Table 10.-Mean total height of  shrubs species 
after four growing seasons, in feet 

Species Site 1 Site 2 Both sites 

4 TO 6 METERS TALL 
Autumn olive 5.3 5.5 
Russian olive 4 3  
Thorny  olive 3.3 5.3 
Arna r  privet 3.0 3.6 
Common buttonbush - 2.9 
Indigobush 2.4 
Peking cotoneaster 2.0 2.6 
Arrow-u7ood viburnum 2.2 2.0 
Blueleaf honeysuckle 1.6 4.2 
Chinese privet 2.0 1.0 
Chinese lilac 2.1 1.8 

1 TO 3 METERS TALL 
Cherry olive 3.5 5.1 
Japanese fleeceflower 4.8 3.7 
Scotch broom 3.4 - 
Silky dogwood 2.5 3.6 
Shrubalthea 2.3 2.7 
Tar ta r ian  honeysuckle 2.2 2.9 
Oakleaf hydrangea 2.2 2.5 
Coralberry 1.3 2.8 
European barberry 1.4 1.6 
Blueberry 1.3 1.4 
Catawba rhododendron 1.1 .9 
Cherry prinsepia - .8 

TRAILING STEMS 
Multiflora rose 5.5 .6 
Dewberry 3.7 .8 
Blackberry 2.4 1.1 
Rugosa rose 1.4 1.3 

and growth, and these were used for com- 
parisons of shrub response to selected chem- 
ical characteristics of the spoil. Two varia- 
bles, pH and phosphorus, were used. Soluble 
salts were low on all sites and probably did 
not influence survival or growth. 

The plots on Site 2 were subdivided into 
two groups for these comparisons. Site 2-A 
included plots having low pH and very low 
phosphorus. Site 2-B plots were charaeter- 
ized by high pH and very low phosphorus. 
Shrub growth on these two plots was com- 
pared to the survival and growth on all plots 
on Site 1. The Site 1 plots had low pH and 
low phosphorus. 

All species except Japanese fleeceflower 
niade their best growth on Site 2-B (table 
11). This site was characterized by high pH 
and very low pliosphorus. Survival of au- 
tumn olive, thorny olive, cherry olive, Arnur 
privet, and coralberry was higher on Site 2-B 
and lowest on Site 2-A. 

Comparisons of growth and survival for  
these seven species by site indicate import- 
ant trends. Six of the seven species made 
their best growth on spoils of high pH and 

Table I I .-Mean height and survival of  shrub species, by site 

Species 
Site characteristics 

Mean Site height Survival Soluble 
pH salts 

Feet 
................ Autulnn olive 1 5.4 

2-A 3.1 
2-B 6.1 

Thorny olive .................. 1 4.4 
2-A 5.7 
2-B 7.8 

Japanese AeeceAower .. 1 4.8 
2-A 3.2 
2-B 4.0 

.................. Cherry olive 1 3.5 
2-A 2.6 
2-f3 6-4 

.............. Silky dogwood 1 2.5 
2-A 2.5 
2-B 3.7 

Amur privet .................. 1 3.0 
2-A 2.7 
2-B 4.4 

Coralberry .................... 1 1.3 
2-A 2-2 
2-B 3.1 



very low phosphorus. Survival of three of 
these same species was highest on the same 
spoil. Japanese fleeceflower was the only 
species that had high survival and grew well 
on the acid low-phosphorus Site 1. Low sur- 
vival and slow growth characterized silky 
dogwood on all sites. 

CONCLUSIONS 
I n  this study several species of trees and 

shrubs that  are  adapted to planting on aeid 
surface-mine sites were identified. Species 
least suited to the spoils on the experimental 
sites were also identified. 

Three species of birch ranked high in sur- 
vival and growth. European white birch and 
sweet birch were adapted to low pH spoils, 
while yellow birch grew best on the neutral 
spoils. I t  is believed that these as  well as 
other species of birch should be grown in 
nurseries supplying stock for surface-mine 
reforestation. Additional research wilt. be 
required to determine for each species the 
si te requirements and growth on a range of 
spoil conditions. 

Pin oak ranked high in survival and 
growth. Scarlet oak grew well on a few 
plots characterized by acid spoils, This 
raises a question about the suitability of 
other species from the red oak group for 
spoil-bank reforestation. Northern red oak 
(Querczcs r u b r a  L.) is used extensively for 
surf ace-mine ref orestation. I t  is possible 
tha t  black oak (Quercus velzct inn Lam.), 
scarlet oak (Quercus  coccinetr Muenchh.) , 
pin oak, (Querczcs 2 ja lz~s t r i s  MuencIih.) , and 
other red oaks may also he desirable for 
surface-mine reforestation. 

Silktree, tree-of-heaven, and French tama- 
risk are species of little or  no commercial 
value that  survived and grew well on both 
sites. French tamarisk was better adapted 
to the neutral spoils, and silktree and tree-of- 
heaven to the more acid spoils having low to 
moderate phosphorus. Silktree is a legume, 
and would serve as  a soil builder and nurse 

crop for commercially valuable tree species. 
Tree-of-heaven and French tamarisk would 
be useful for site protection and aesthetics. 

The excellent survival and growth of three 
of the four species of Elengnzcs indicate tha t  
the genus is well adapted to a range of spoil 
conditions. Autumn olive is widely used for  
site protection and as a wildlife food plant, 
but other species of olive niay be as effective 
on some sites. 

Silky dogwood and coralberry are  promis- 
ing wildlife food shrubs. Coralberry sur- 
vived well on a range of sites, but grew best 
on the neutral spoils. Silky dogwood grew 
well on the neutral spoils, but survival was 
poor on all sites. 

Fleeceflower and Amur privet are adapted 
to a range of sites. These species have 
little value except for site protection and 
aesthetics. 

False indigo and buttonbush should be con- 
sidered in future evaluations. Both survived 
and grew well on acid sites. False indigo is 
a legume, and both are considered attractive 
wildlife shrubs. 
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