
SECTION 3  

MINESOILS 

PROPERTIES THAT AFFECT VEGETATION ESTABLISHMENT 

Minesoi ls ,  a l so  c a l l e d  spo i ls ,  a re  the geologic ma te r ia l s  tha t ,  i n  sur- 
face mining, a re  removed from above beds o f  coal . The amounts o f  the d i f f e r -  
ent  geologic ma te r ia l s  and t h e  manner i n  which they a re  handled and mixed 
dur ing  mining and grading d i r e c t l y  a f f e c t  the chemical, physical ,  mineral -  
ogical ,  and b i o l o g i c a l  p roper t i es  o r  c h a r a c t e r i s t i c s  o f  minesoi ls .  These 
proper t ies  can a f f e c t  p l a n t  growth and should be i d e n t i f i e d  before p lan t ing ,  
even where t o p s o i l  i s  reappl ied.  Th is  knowledge i s  espec ia l l y  needed f o r  
i d e n t i f y i n g  and t r e a t i n g  those minesoi ls  w i t h  p roper t i es  t h a t  l i m i t  o r  pre- 
vent t h e  es tab l  ishment and growth o f  vegetat ion. I dea l  l y ,  t h i s  knowledge 
a l so  can be h e l p f u l  i n  se lec t i ng  p l a n t  species t h a t  a re  bes t  s u i t e d  o r  adapted 
t o  s p e c i f i c  s i t e s  o r  minesoi l  condi t ions,  espec ia l l y  where the s i t e  cannot be 
changed t o  s u i t  a  g iven species. 

Chemical Proper t ies  

The chemical p roper t i es  o f  minesoi ls  t h a t  a r e  o f  most concern i n  revege- 
t a t i o n  a re  chemical r e a c t i o n  (pH), acid-induced t o x i c i t i e s ,  and n u t r i e n t  de- 
f i c i e n c i e s .  

S o i l  Reaction ( A c i d i t y  o r  A1 k a l i n i  t y ) - -  

S o i l  r e a c t i o n  i s  t h e  degree o r  i n t e n s i t y  o f  s o i l  a c i d i t y  o r  s o i l  a1 ka- 
l i n i t y  expressed as pH. The pH scale ranges from 0  t o  14. A pH of 7  i s  
neut ra l  i n  reac t ion ;  lower values i n d i c a t e  a c i d i t y  and h igher  values i n d i c a t e  
a l k a l i n i t y .  The pH sca le  i s  logar i thmic ,  i.e., t he  i n t e n s i t y  o f  a c i d i t y  o r  
a1 k a l i n i  ty changes t e n f o l d  w i t h  each u n i t  change i n  pH. For example, a  pH of 
4.0 i s  10 times more a c i d  than a  pH o f  5.0 and a  pH o f  3.0 i s  100 times more 
a c i d  than a  pH o f  5.0. 

S o i l  r e a c t i o n  (pH) i s  probably the  most usefu l  c r i t e r i o n  fo r  p r e d i c t i n g  
the  capac i ty  o f  minesoi l  t o  support vegetat ion. Not on l y  i s  p l a n t  growth 
a f f e c t e d  by pH, b u t  in ferences can a l so  be made about o ther  q u a l i t i e s .  For 
example, t h e  a v a i l a b i l i t y  o f  some p l a n t  n u t r i e n t s  i s  l i m i t e d  i n  bo th  extremely 
a c i d  and s t rong ly  a l k a l i n e  s o i l s ,  b u t  these n u t r i e n t s  a re  a v a i l a b l e  t o  p lan ts  
i n  s o i l s  t h a t  a re  moderately a c i d  t o  s l i g h t l y  a l ka l i ne .  

Mineso i ls  i n  t h e  East a re  most ly  i n  t h e  a c i d  range (pH below 7.0), though 
some a r e  m i l d l y  t o  moderately a1 k a l i n e  (pH 7.0 t o  8.5). Problems w i t h  revege- 



t a t i n g  the  a1 k a l  i n e  m ineso i l s  a r e  few. Problems w i t h  r e v e g e t a t i  ng a c i d  mine- 
s o i l s  a r e  more common, e s p e c i a l l y  those t h a t  a r e  ext remely  a c i d  (pH 4.0 and 
lower) .  O x i d a t i o n  of i r o n  s u l f i d e s  found i n  t he  coal  and overburden s t r a t a  
i s  t h e  p r imary  cause o f  ext remely  a c i d  and t o x i c  m ineso i l s .  

Some p l a n t  species a r e  more t o l e r a n t  o f  a c i d  cond i t i ons  than  o the rs .  
Therefore,  by  knowing t he  pH o f  a  m ineso i l ,  species t o l e r a n t  o f  a g i v e n  pH 
range can be se lec ted  f o r  r evege ta t i on  purposes. As a  general  r u l e ,  most 
p l a n t  species w i l l  grow i n  m ineso i l  w i t h  a  pH h i g h e r  than  5.5. A  more l i m i t -  
ed number w i l  l grow i n  t h e  pH range 4.6 t o  5.5. Even fewer species o f  p l a n t s  
can t o l e r a t e  m ineso i l  pH below 4.5, and o n l y  a  very  few w i l l  grow where pH i s  
below 4.0 ( F i g u r e  3 ) .  However, these l i m i t s  can vary  i n  d i f f e r e n t  m ineso i l s  
depending on t h e  chemical and phys i ca l  c h a r a c t e r i s t i c s  o f  t h e  r o c k  c o n s t i  t u -  
en ts  o f  each m i  nesoi  1. 

A pH read ing  on m ineso i l  a l s o  can i n d i c a t e  where an amendment such as 
l i m e  i s  needed t o  n e u t r a l i z e  a c i d i t y .  On some a c i d  m ineso i l s ,  a t t emp t i ng  t o  
e s t a b l i s h  a c i d - t o l e r a n t  p l a n t s  may be more p r a c t i c a l  than  decreas ing a c i d i t y  
w i t h  amendments; b u t  on ext remely  a c i d  m ineso i l s  t h e r e  i s  no choice.  Lime o r  

F igu re  3. Weepi na 1  ovegrass--one of t h e  more a c i  d- to1 e r a n t  p l a n t  spec ies.  
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some other treatment must be applied to  lower or neturalize the acidi ty  i f  
plants a re  expected t o  grow. Details on liming and other amendments are  
presented i n  Section 5. 

Sampl i ng and analyzing overburden s t r a t a  before mining begins provide an 
opportunity t o  predict and prevent problems associated with acid m i  nesoi 1 s .  
Procedures for  coveri ng or blending aci d-produci ng materials wi t h  nonacid 
overburden materials or topsoil should be incorporated in the mining opera- 
tion. 

Acid-Induced Toxicities-- 

Although pH i s  an indicator fo r  assessing acidi ty  and predicting plant- 
ab i l i t y  of minesoils, i t  does not always explain a l l  of the chemical problems 
that  can be associated with revegetating a particular s i t e .  A n  imbalance of 
elements, an excess of one element, or a high level of dissolved sol ids  
( sa l t s )  can be more deleterious t o  plant growth than acidi ty  i t s e l f .  For ex- 
ample, elements such as aluminum, iron, manganese, copper, nickel, and zinc 
that  a re  present in some mi nesoils become increasingly soluble as the pH de- 
creases below 5.5. When the concentration of these elements exceeds certain 
levels in the so i l  solution, they become toxic to  plants and interfere  w i t h  
establishment and growth. The concentration of these toxic elements i s  great- 
e r  i n  some geologic material s than in others; therefore, different  minesoil s ,  
even w i t h  the same pH, may not have the same effect  on plant growth. Plants 
may grow sa t i s fac tor i ly  in one minesoil with a pH of 4.5 but not grow a t  a l l  
i n  others w i t h  the same pH. Thus, plant species cannot be assigned def in i te  
pH tolerance l imits  that  a r e  correct for  a l l  minesoils. 

Aluminum and manganese are  the elements found most often in concentra- 
t ions toxic to  plants. The primary effect  of aluminum toxicity i s  t o  reduce 
or inhibi t  root growth. Manganese toxicity resu l t s  primarily i n  reduced 
shoot growth. In legumes, symptoms of manganese toxicity are  expressed by 
chlorosis (ye1 lowing) of leaf margins sometimes coincident with rust-colored 
spots on the leaf le t s .  

A recommended practice f o r  treating acid minesoil is t o  ra i se  the pH to 
5.5 or higher by applying lime. A t  pH 5.5 most of the toxic elements will be 
precipitated from the soil  solution and will  no longer have harmful effects  
on plants. 

Nutrient Deficiencies-- 

Minesoil s most often are  deficient in nitrogen and phosphorus (Figure 4) .  
Nitrogen is nearly always deficient,  especial ly where topsoi 1 and associated 
organic materials were removed and buried during mining. Establishment of 
herbaceous vegetation i s  a1 ways hastened by the appl ication of nitrogen 
f e r t i l i z e r .  

Plant-available phosphorus i s  adequate i n  some overburden materials, b u t  
more often i t  i s  deficient.  Reasons for phosphorus deficiency include: (1) 
the overburden materials may contain only small amounts of phosphorus-bearing 
minerals; ( 2 )  the phosphorus compounds that  a re  present a re  insoluble, 



Figure 4. Response of vegetation to  Nitrogen ( N )  and Phosphorus ( P )  f e r t i l -  
izer  typical on most minesoi 1 s .  

especially in very acid and a1 kaline materials; ( 3 )  there i s  no reservoir of 
organic phosphorus compounds. Application of hosphorus f e r t i l i z e r  i s  nec- 
essary on minesoils deficient in phosphorus, and i t  usually hastens the es- 
tab1 ishment of herbaceous cover even on mi nesoi 1 s that contain pl ant-avail able 
phosphorus in amounts adequate for  plant growth. 

Plant-available potassium i s  adequate for  lant  establishment in most 
coal minesoils because clay minerals, micas, an some feldspars that  consti- 
t u t e  a source of potassium usually are  present. in the overburden materials. 
Thus, the use of potassium f e r t i l i z e r  usually i s  n o t  needed to  establish vege- 
tation. However, where vegetation i s  repeatedly harvested and removed, fer-  
t i  l i  zation with potassium may subsequent y become necessary. Similarly, 
potassium levels may in time be reduced y natural weathering and 1 eaching. 

Undoubtedly, there are deficiencies of other nutrients on some minesoil s ,  
b u t  most of these have not yet been defined by researchers. I t  i s  known that  
on some minesoils, imbalances between calcium and magnesium hinder the estab- 
lishment and vigorous growth of vegetation. 

P hys i ca 1 Propert i es 

Physical properties of minesoils such as stoniness, distribution of par- 
t i c l e  s izes ,  bulk density, slope angle, length of slope, color, aspect, 



erodibi l i ty ,  and s t a b i l i t y  can influence the selection, establishment, and 
growth of vegetation. Some of these properties are d i f f i c u l t  t o  change, 
whereas others can be altered by earth moving and grading. The adverse ef- 
fects  related to  some properties such as dark color and aspect can be altered 
by mulching the surface. Often, though, adverse physical problems are ac- 
cepted with the hope that  natural weatheri ng processes and vegetation wi 11 
eventually a1 t e r  and improve these conditions. 

As with chemical problems, the best solution to  physical problems i s  t o  
prevent them. A premining analysis of the overburden could be beneficial in 
determining how t o  separate or mix different  rock materials during mining and 
grading so that  the materials l e f t  on and near the surface will have accept- 
able physical properties. Replacing topsoil on some areas may improve the 
physical qual i t ies  of the reclaimed surface for  plant growth. B u t  i n  other 
si tuations,  replacing topsoil may resu l t  in a compacted surface w i t h  increased 
potential for  erosion. 

Stones and boulders on and near the surface curtai l  the use of t i l l a g e ,  
planting, and seeding equipment. An abundance of stones may influence the 
choice of species used, especially t rees .  On extremely stony areas, direct  
seeding of t rees  may be more feasible than hand planting seed1 ings; the 
choice of t r e e  species i s  limited then t o  t r ee  species that  can be success- 
fu l ly  establ ished by direct  seeding. 

Particle-Size Distribution-- 

Particl  e-size distribution refers to  the relat ive amount or  proportion 
of the various s izes  of par t ic les  in the whole s o i l ,  including sand, s i l t ,  
clay, and rock fragments. I t  affects  water relations (drainage and water- 
holding capacity), soil  structure,  bulk density, erodibi l i ty ,  cation exchange 
capacity, and workability of the minesoil. Minesoils with predominantly 
coarse par t ic les  dry out quickly, especially a t  the surface where moisture 
for  seed germination and seedling establishment i s  most c r i t i c a l .  With a 
high proportion of f ine part ic les ,  especially clays, minesoi 1s can be plast ic  
when wet and very hard when dry. In minesoils with no adverse chemical char- 
ac t e r i s t i c s ,  plant growth i s  usually most favored where there are  near-equal 
proportions of f ine  ( l e s s  than 2 mm) and coarse materials. 

B u l  k Density-- 

Bulk density i s  the weight of a u n i t  volume of dry s o i l ,  ordinarily ex- 
pressed as grams per cubic centimeter. This volume includes both soi l  sol ids 
and pore spaces. Soils tha t  a re  loose and porous have low bulk density; 
those that  a re  densely structured or  compacted, high in clay content, and 
nonporous have high bulk density. The s ize  and volume of pores a re  important 
t o  plant growth because they influence the movement of water and a i r  in the 
so i l .  The bulk density of minesoils i s  related mostly to  the types and 
amounts of the geologic and soi l  constituents and the proportions of differ-  
ent par t ic le  s izes .  Excessive movement and compaction by grading and so i l -  
moving equipment also can af fec t  bulk density of minesoils. 



Steepness of slope influences vegetation establishment and land use. 
Long and steep slopes normally erode more rapidly and are  more d i f f i c u l t  t o  
vegetate than gentle slopes, short slopes, and level areas. Establ ishing 
vegetation near the lower end of long steep slopes can be especially d i f f i c u l t  
Probable causes for  th i s  d i f f icu l ty  include f a i lu re  or inabi l i ty  to  apply 
seed and f e r t i  1 i zer on lower slopes, greater erosion and deposition on lower 
than on upper slopes, and a concentration of larger rocks and coarse material 
near the bottom of the slopes. 

Long slopes erode more severely than short ones because the velocity of 
runoff water increases as the length of the slope increases. Thus, gully ero- 
sion usually i s  greater on lower than on upper portions of slopes. The elimi- 
nation of highwalls i n  mountainous areas may create long steep slopes that  in- 
crease the potential for  accelerated runoff and erosion. Where feasible,  the 
formation of long slopes should be avoided. Where slopes must be long, they 
should be interrupted w i t h  terraces or benches that  drain on a 1- t o  2-percent 
grade to  a s table  out le t  or  waterway. 

Erosion Potential-- 

As discussed i n  relation to  long slopes, erosion i s  often the most dis- 
ruptive of physical factors i n  establ i shi ng vegetation. Obviously, steep 
slopes have greater potential t o  erode than level benches or gentle slopes. 
Mi nesoi 1 s containing a large amount of f ine  particl  es normal ly erode more than 
those consisting of coarser materials. Stony minesoils are  less  subject to  
erosion damage than nonstony ones, b u t  for  other reasons they may be more 
d i f f i cu l t  t o  vegetate. 

A quickly established cover of vegetation helps retard erosion and i s  es- 
pecially effective i n  controlling surface or sheet erosion. B u t  on some areas 
other treatments a re  needed to  he1 p retard erosion, especial ly  gul ly erosion. 
The use of mulches or soil  s tab i l izers  and mechanical structures such as 
terraces and contour furrows are  helpful i n  reducing erosion until vegetation 
i s  established. 

Col or-- 

Dark colors absorb more heat from the sun's rays than l ight  colors. 
T h u s ,  on black or dark-colored m i  nesoil s, the surface temperature can reach 
levels that  a re  lethal t o  seed1 ings. This may occur especially during sumner 
periods, and on south and west exposures. High temperatures also cause so i l s  
t o  dry out more rapidly. 

Color can be a clue to  chemical character is t ics .  For example, sandstone 
w i t h  brown in ter ior  color is weathered and w i  11 not be toxic to  plants. Sand- 
stone w i t h  gray in ter ior  color i s  unweathered and may be toxic to  plants be- 
cause i t  may contain unoxidized pyrite. Black shales often are  acid and toxic- 
forming, and should be buried under nontoxic material or topsoil .  Occasion- 
a l ly ,  dark-colored materials a re  not acid and chemically are  the best over- 
burden material available for  plant growth. In such cases, the material 



should remain on the surface and be mulched or ,  i f  possible, l igh t ly  covered 
or blended w i t h  topsoil or light-colored spoil material. 

Aspect, the direction tha t  a s1op.e faces, can affect  the establishment 
and, thus, the selection of vegetation for  mined areas. South- and west- 
facing slopes normally a re  hotter and dryer than north- and east-facing 
slopes. Some plant species are  better adapted t o  south aspects than other 
species. For example, pine trees usually thr ive bet ter  than most hardwood 
trees  on south slopes. Mulching to  help establish vegetation i s  usually more 
beneficjal on south and west aspects than on north and east  ones. 

Biological Properties 

Although not visually obvious, the biological components of soil  play a 
vital  role  in the development and maintenance of vegetation. In f ac t ,  the 
presence of microorganisms and soi l  fauna are  essential fo r  the survival and 
growth of most plant species and for  the reestablishment of natural eco- 
systems. 

Minesoils a re  not completely s t e r i l e .  They contain bacteria, fungi, and 
actinomycetes, b u t  the kinds and numbers of these organisms i n  unvegetated 
minesoil are  few compared with those in agricultural and forest  so i l s .  How- 
ever, as vegetation becomes established, the populations of some of these 
organisms wi 11 increase by natural processes. Other types may need to  be a r t -  
i f i c i a l l y  introduced. Some microorganisms are  symbiotic, which means that  
they give to  and derive benefit from the plants on which they live.  For ex- 
ample, Rhizobiwn bacteria l i ve  on the roots of legumes and take nitrogen from 
the a i r  and f i x  i t  i n  nodules for  use by the host plant. Similarly, most 
species of plants have mycorrhizal associations that  involve root-inhabi ting 
fungi and plant feeder roots and increase the p lant ' s  a b i l i t y  to  take u p  
nutrients, especially phosphorus. Mycorrhizal associations are beneficial t o  
the survival and growth of most plants. 

Soil Fauna-- 

Soi 1 fauna are  the worms, beet1 es,  bugs, and simi 1 a r  soi 1 -dwell i ng 
creatures that  are  primarily responsible for  consuming and al ter ing organic 
materials such as plant l i t t e r ,  and burying or mixing i t  i n  the so i l .  New 
minesoils normally a re  devoid of soi l  fauna. Their presence becomes most i m -  
portant a f t e r  vegetation i s  well established and plant l i t t e r  begins to  accu- 
mulate. However, natural reestablishment of soi 1 fauna populations i s  rela- 
t ively slow. Most soi l  fauna are  not highly mobile, so several to  many years 
may be required for a mined area to  be repopulated by the natural movement of 
fauna from populations i n  adjacent undisturbed lands. Obviously, narrow 
s t r ips  of revegetated minesoils will repopulate sooner than large broad areas. 
Art i f ic ial  introduction of soi l  fauna i s  possible and has proven beneficial 



in small experimental plots,  b u t  i t s  pract ical i ty  has not been demonstrated 
on large areas. Immediate replacement of topsoil i s  probably the most prom- 
ising means of reestablishing soil  fauna on mined s i t e s .  

SOIL REPLACEMENT 

Replacement of the A horizon of native so i l s  on surface-mined areas will 
generally have beneficial effects  on the establishment of vegetation, espe- 
c i a l ly  where proper techniques are  used for  soil  reconstruction. For example, 
in areas such as northern I l l i no i s ,  the native pra i r ie  so i l s  are  thick and 
relat ively f e r t i l e .  Where surface mined, many of these areas a re  regulated 
as prime farmlands and the so i l s  are  reconstructed under special provisions of 
the Federal Surface Mining Control and Reclamation Act of 1977. 

In other min ing  areas, there i s  evidence that  subst i tute  materials are  
equal to or bet ter  than the A horizon as a plant growth media. In areas such 
as the mountainous parts of the Appalachian Region, so i l s  often are  thin,  
highly leached, and relat ively in fe r t i l e .  Replacing these so i l s  may not a l -  
ways enhance the establishment and productivity of vegetation on mined areas. 

The primary benefit of replacing soi l  i s  to  improve the quality of plant 
growth medium on areas where the spoils or minesoils a re  chemically and phys- 
ical ly  less  desirable than the native so i l s .  Usually, soi l  replacement will 
create a f a i r ly  uniform surface condition over the en t i re  area with few or no 
rocks to  interfere  with t i 1  lage, planting, and seeding. Another probable ben- 
e f i t  of soil  replacement, especially of the surface or A horizon, i s  the po- 
tent ia l  source of soil  fauna and microorganisms such as endomycorrhizal fungi. 
Where reforestation and wildl i fe  habitat  a re  planned postmining land uses, the 
presence of seed, rhizomes, or other plant parts in the replaced soi l  may be 
of benefit i n  aiding or hastening the reestablishment of native vegetation. 
Immediate replacement of soi l  i s  most beneficial because populations of many 
of the biological organisms are  reduced or destroyed by long-term storage or 
stockpi 1 ing of soi 1. 

Detrimental effects  of soi l  replacement can occur on areas where cover- 
ing so i l s  have chemical and physical properties tha t  a re  less  desirable than 
those of the spoils that  will be covered. Where improperly handled, the re- 
pl aced soi 1 w i  1 1 be compacted and physical ly  degraded by earth-movi ng  equip- 
ment. Replaced so i l s ,  too, may erode more easi ly  than some spoil materials. 
Unless scarified or otherwise treated, a barr ier  t o  root penetration i s  some- 
times created a t  the interface between the replaced soi l  and the covered 
spoils.  Soils may sometimes contain seed of unwanted plant species that  com- 
pete with the planted species. 

In some mining regions, especially i n  the mountains of Appalachia, there 
usually i s  very l i t t l e  topsoil (A horizon) that  can be saved for  replacement 
on mined areas. Often, most of the "soi l"  that  i s  saved and replaced consists 
of B and C horizons or parent material. This material usually is  low in plant 
nutrients,  and often i s  strongly acid and contains relat ively high amounts of 
exchangeable aluminum. The B- and C-horizon materials often contain a high 
proportion of s i l t  and clay part ic les  that  a re  easily compacted into a dense, 



s lowly  permeable l a y e r  by heavy earth-moving equipment, espec ia l l y  when wet 
s o i l  i s  moved. I n  some areas, these horizons have a  l a r g e  p ropo r t i on  o f  
coarse fragments. Because one b e n e f i t  o f  saving and rep lac ing  s o i l  may be 
der ived from i t s  b i o l o g i c  and organic components, mix ing o r  b lend ing  the  s o i l  
i n t o  t h e  surface l a y e r  o f  s p o i l  cou ld  i n  some cases be more bene f i c i a l  t o  t he  
establ ishment o f  vegetat ion than spreading i t  on t h e  sur face of t he  mined 
area. 

SAMPLING AND TESTING MINESOILS 

Know1 edge o f  minesoi 1  p rope r t i es  normal l y  i s  obta ined by analyz ing o r  
t e s t i n g  samples from areas t h a t  a re  ready f o r  p lan t i ng .  S o i l  t e s t s  a re  use- 
f u l  main ly  f o r  d e f i n i n g  p rope r t i es  t h a t  l i m i t  o r  prevent p l a n t  growth and fo r  
determin ing the  k inds and amounts o f  amendments needed t o  co r rec t  p rope r t i es  
t h a t  h inder  vegeta t ion  establ ishment.  Th i s  s e c t i o n  discusses sampling pro-  
cedures and s o i l  t e s t s  used f o r  ana lyz ing  minesoi ls ,  i n c l u d i n g  reasons why t h e  
t e s t s  a re  usefu l  and some o f  t h e i r  l i m i t a t i o n s .  

M i  nesoi 1  Sampl i ng 

Samples should be representa t ive  o f  t h e  area t h a t  i s  t o  be vegetated. 
Normally, samples should be c o l l e c t e d  a f t e r  shaping, grading, and s o i l  r e -  
placement have been completed. Before sampl i ng, one should inspect  t h e  e n t i r e  
s i t e .  Areas t h a t  obv ious ly  a r e  d i f f e r e n t  from o thers  i n  c o l o r  and rock  o r  
s o i l  t ype  should be sampled as i n d i v i d u a l  u n i t s ,  e s p e c i a l l y  i f  they a r e  l a r g e  
enough t o  be handled separate ly  i n  t h e  revegeta t ion  program. But even small 
areas t h a t  appear t o x i c  o r  v a s t l y  d i f f e r e n t  should be sampled separate ly ,  be- 
cause they may r e q u i r e  spec ia l  t reatment  f o r  es tab l i sh ing  vegetat ion.  De l in -  
ea t i ng  t h e  d i f f e r e n t  types o f  mineso i l  on a  map o f  t h e  mined area cou ld  he lp  
t o  f a c i l i t a t e  t h e  rec lamat ion a c t i v i t i e s .  

A recommended method o f  sampl i n g  i s  t o  make a  composite sample from sev- 
e r a l  randomly c o l l e c t e d  subsamples i n  each v i s u a l l y  d i s t i n c t  u n i t  o r  type of 
mineso i l .  The number o f  subsamples needed f o r  t h e  composite sample w i l l  de- 
pend on t h e  s i z e  o f  t h e  u n i t ,  t h e  v a r i a b i l i t y  o f  ma te r i a l s  w i t h i n  t h e  u n i t ,  
and t h e  o b j e c t i v e  o f  revegetat ion.  A t  l e a s t  10 subsamples should be inc luded 
i n  each composite sample i n  areas up t o  about 10 acres. More subsamples a re  
recommended i n  l a r g e r  areas, o r  more than one composite sample could be c o l -  
lec ted .  Areas planned f o r  a g r i c u l t u r a l  uses probably w i  11 r e q u i r e  more i n -  
t ens i ve  sampling than areas planned f o r  r e f o r e s t a t i o n .  An advantage of t h e  
composite sample i s  t h a t  mineso i l  from t h e  e n t i r e  u n i t  i s  represented i n  t h e  
sample, b u t  o n l y  one sample f o r  each u n i t  needs t o  be sent  t o  the  l abo ra to ry  
f o r  ana lys is .  Remember, t h e  composite sample i s  r e a l i s t i c  o n l y  i f  i t  repre-  
sents t h e  mineso i l  i n  t h e  area from which i t  i s  co l l ec ted .  

To descr ibe and map an area i n  more d e t a i  1, a1 1  samples can be kept  sepa- 
r a t e  and analyzed i n d i v i d u a l l y ,  and t h e  sample l oca t i ons  shown on t h e  reclam- 
a t i o n  map. A  disadvantage o f  i n d i v i d u a l  sampling i s  t he  greater  cos t  i n  t ime 
and money fo r  c o l l e c t i n g  and i n  l a b e l i n g  samples and f o r  l abo ra to ry  analyses. 



The number of samples collected also may depend on the number and kinds 
of soi 1 t e s t s  that  w i  11 be made. For example, i f  only pH i s  t o  be determined, 
many samples could be analyzed a t  re lat ively low cost. B u t  t e s t s  for  nutri- 
ent avai labi 1 i ty ,  potential acidi ty ,  and other i tems would increase costs. 
Some States provide guidelines or specify the k ind  of analyses and the number 
of samples that  should be collected. 

To col lect  so i l  samples, use a t i l e  spade with a rounded cutting edge or 
a small garden spade. F i rs t ,  make a vertical  cut about 4 to  6 inches deep 
and discard the so i l .  Then make a second cut 2 to  3 inches behind the f i r s t  
cut to  obtain the sample. Discard rock fragments larger than about 1/2-inch 
in diameter. If a composite sample i s  being collected, place th i s  s l i c e  i n  a 
plast ic  bucket and continue on to  the next sampling s i t e  and repeat the sampl- 
i n g  procedure. In stone-free so i l s ,  samples can be collected w i t h  an agri-  
cultural soi l  sampling tube or auger. After the final subsample has been 
placed in the bucket, thoroughly mix the composite of samples and transfer 
about 1 quart of the mixed material t o  a plast ic  bag, wax or plast ic  lined 
paper carton, or similar container. Dry samples can be placed in paper bags. 
Be sure to  identify and label each sample. If  the minesoil a t  each sample 
point i s  t o  be analyzed, follow the previously mentioned procedure for  obtain- 
ing the sample, b u t  place each sample in a separate container and label the 
contai ners . 

After a l l  samples have been collected, they should be a i r  dried or dried 
with a r t i f i c i a l  heat a t  low temperatures (40" t o  60°C), e i ther  in a paper bag 
or spread out on paper i n  a dust-free area. When dry, place a portion of the 
samples in the containers recommended or supplied by your tes t ing agency. 
The State  so i l  t e s t  laboratory in some States provides minesoil testing ser- 
vices e i ther  direct ly  or through county extension agents. In some States ,  
minesoil t e s t s  may have to be obtained from commercial laboratories. 

In routine or standard agricultural procedures, as just described, 
samples are  collected to  a depth of about 6 inches. However, a t  many s i t e s ,  
minesoils offer  a potential rooting depth exceeding that  on the undisturbed 
native so i l s .  Such minesoils, then, seem especially well suited for  growing 
deep-rooted plants such as t rees ,  shrubs, and some leguminous herbs. Where 
such plants are to  be established, consideration should be given to  sampling 
minesoils t o  a greater depth, possibly as much as 4 to  5 fee t ,  in the antic- 
ipated rooting zone of the plants. This i s  especially valid in view of mining 
and reclamation practices, such as burial of undesirable overburden materials 
and replacement of soil  on the surface, that  will cause variation in the 
chemical and physical properties of the minesoil a t  varying depths below the 
surface. 

Sampling spoils to  a depth of several fee t  also is  important in planning 
the rehabi 1 i tation of abandoned mined lands, especial ly where movement and 
grading of spoi ls  are  anticipated. For in the process of grading off several 
fee t  of spoi l ,  other materials may be uncovered and exposed that  have chemical 
and physical properties which are  even more undesirable than those presently 
on the surface. 



Obtaining samples from a depth o f  several f e e t  w i l l  r e q u i r e  a d d i t i o n a l  
e f f o r t  and probably add i t i ona l  equipment. Where stones and rock  fragments do 
n o t  i n te r fe re ,  a s o i l  sampling tube o r  a pos t  ho le  d igger o r  auger could be 
used. I n  more stony mater ia l ,  a p i t  may have t o  be dug w i t h  a spade and 
shovel o r  w i t h  a back hoe. Samples should be c o l l e c t e d  a t  prescr ibed depths, 
say a t  every foo t ,  o r  from each l a y e r  o f  ma te r ia l  t h a t  appears v i s i b l y  d i f -  
ferent  from o the r  layers.  Obviously, i f  mate r ia l  w i t h  adverse p roper t i es  i s  
found i n  most of t he  t e s t  p r o f i l e s ,  a dec is ion  t o  change p l a n t  types o r  spec- 
i e s  may be required. 

S o i l  Tests 

Many kinds o f  s o i l  t e s t s  can be made on minesoi ls ,  b u t  f o r  most revege- 
t a t i o n *  jobs, on l y  a few t e s t s  a re  needed t o  determine the  p l a n t a b i l i t y  of t he  
minesoi 1 and prescr ibe  the  requ i red  amendments. Those t e s t s  considered most 
usefu l  a re  discussed below. 

Tests f o r  pH a re  most f requen t l y  used f o r  assessing a c i d i t y  o r  a1 ka l  i n i t y  
and p r e d i c t i n g  p l a n t a b i l i t y  o f  minesoi l .  A pH meter i s  the  standard device 
f o r  measuring s o i l  pH because i t  i s  the  most accurate. A common p r a c t i c e  i s  
t o  c o l l e c t  samples o f  mineso i l  and send them t o  a l abo ra to ry  equipped w i t h  a 
pH meter. Battery-operated pH meters can be obtained f o r  f i e l d  use. Some 
disadvantages o f  us ing pH meters i n  t h e  f i e l d  are  t h a t  d e l i c a t e  handl ing and 
maintenance i s  required, and t h a t  containers, d i s t i l l e d  water, and b u f f e r  
so lu t ions  must be transported. 

Several types o f  f i e l d  k i t s  and other  devices are  a v a i l a b l e  fo r  measur- 
i n g  pH o f  s o i l .  However, some o f  these do not  g i ve  accurate readings on a l l  
m ineso i ls  when compared w i t h  t h e  pH meter. F i e l d  k i t s ,  such as t h e  LaMotte- 
Morgan, t h a t  use several pH i n d i c a t o r  dyes agreed c l o s e l y  w i t h  the  pH meter. 
Some f i e l d  k i t s  t h a t  use on ly  one i n d i c a t o r  dye a re  less  accurate. There- 
fore,  be fore  any commercial f i e l d  k i t  o r  o ther  device i s  adopted fo r  wide- 
spread use, i t  should be compared w i t h  a pH meter t o  determine i f  i t  can 
provide r e l i a b l e  readings. 

Lime Requirements-- 

s'oi 1 

used 
I ime 
r o u t  

The pH readings i n d i c a t e  where problems w i t h  minesoi l  a c i d i t y  o r  a1 ka- 
l i n i  ty may be encountered. However, pH does no t  i n d i c a t e  the  q u a n t i t y  of 
amendment needed t o  c o r r e c t  problems o f  a c i d i t y  o r  a1 k a l i n i t y .  Methods fo r  
determining l ime requirements i n  a g r i c u l t u r a l  s o i l s  d i f f e r  among States; b u t  
some methods do n o t  adequately p r e d i c t  l ime  requirements f o r  a c i d  coal-mine 
spo i ls .  Therefore, methods should be used t h a t  have been determined by 
a u a l i f i e d  s o i l  t e s t  f a c i l i t i e s  t o  be reasonably accurate f o r  t e s t i n g  mine- 

ma te r ia l s  i n  a given area. 

SMP Bu f fe r  pH--The Shoemaker, McLean and P r a t t  (SMP) Bu f fe r  pH method i s  
i n  several Eastern States and i s  reasonably accurate f o r  determining 
requirements f o r  bo th  a g r i c u l t u r a l  s o i l s  and minesoi ls .  I t  i s  a fast,  

i n e  t e s t  developed f o r  a c i d  s o i l s  t h a t  conta in  appreciable amounts of 



exchangeable aluminum. The t e s t  i s  useful  f o r  a c i d  m ineso i l s  because alumi- 
num i s  o f t e n  t h e  major  exchangeable c a t i o n  c o n t r i b u t i n g  t o  t o t a l  exchangeable 
a c i d i t y .  

Exchangeable a c i d i t y  and exchangeable aluminum--Lime requirements f o r  
a c i d  m ineso i l s  a l s o  can be based on t e s t s  t h a t  direct1.y determine exchanqeable 
a c i d i t y  o r  exchangeable aluminum. Much evidence i s  a v a i l a b l e  t h a t  shows-that 
t h e  b e n e f i c i a l  e f f e c t s  of l i m i n g  a r e  l a r g e l y  due t o  t he  i n a c t i v a t i o n  o f  ex- 
changeable aluminum. The amount o f  l i m e  necessary t o  negate the  ef fects  o f  
exchangeable aluminum u s u a l l y  i s  s u f f i c i e n t  f o r  p roduc t i ve  p l a n t  growth, b u t  
i t  may be l e s s  than t h a t  requ i red  t o  r a i s e  pH t o  t h e  t h e o r e t i c a l l y  optimum 
6.5 o f t e n  recommended f o r  a g r i c u l t u r a l  purposes. 

Laboratory procedures fo r  determin ing exchangeable a c i d i t y  and aluminum 
may vary; thus, c r i t e r i a  f o r  l i m e  requirements need t o  be es tab l i shed  f o r  
each e x t r a c t i o n  procedure and f o r  d i f f e r e n t  geologic  types. For example, 
w i t h  t h e  aluminum e x t r a c t i o n  procedure descr ibed by Yuan (1959), a  s a t i s f a c -  
t o r y  c r i t e r i o n  f o r  l i m i n g  eastern Kentucky m ineso i l s  i s :  Apply 2,000 pounds 
per  acre  o f  CaC03 equ iva len t  f o r  each m i  11 i e q u i v a l  en t  o f  exchangeable alumi - 
num (meq/100 g) . 

P o t e n t i a l  ac id i ty - -The preceding t e s t s  measure a c t i v e  o r  exchangeable 
a c i d i t y  i n  mineso i l s ,  b u t  n o t  t h e  t o t a l  p o t e n t i a l  a c i d i t y  t h a t  may be pro- 
duced from f u r t h e r  o x i d a t i o n  o f  p y r i t i c  m a t e r i a l .  P o t e n t i a l  a c i d i t y  w i  11 
most l i k e l y  cause revege ta t i on  problems i n  f r e s h l y  exposed, unweathered geo- 
l o g i c  ma te r i a l s ,  and i n  extremely a c i d  s p o i l s  t h a t  a re  p a r t i a l l y  weathered 
b u t  s t i l l  con ta in  o x i d i z a b l e  p y r i t e .  With f r e s h l y  exposed ma te r i a l s ,  stan- 
dard l i m e  requirement t es t s ,  i n c l u d i n g  the  SMP B u f f e r  pH t e s t ,  may i n i t i a l l y  
show l i t t l e  need f o r  l ime;  b u t  as t h e  rock  m a t e r i a l s  weather, a c i d i t y  w i l l  
increase and much more l i m e  w i l l  be requ i red .  For p a r t i a l l y  weathered py- 
r i t i c  spo i l s ,  standard t e s t s  may show requirements f o r  l a r g e  amounts o f  l ime.  
Yet, even a f t e r  t he  a d d i t i o n  o f  l ime, these m a t e r i a l s  may r e v e r t  t o  a c i d  
cond i t i ons  because t h e  p y r i t i c  m a t e r i a l s  con t inue t o  ox id ize .  

Several t e s t s  a re  a v a i l a b l e  a t  some s o i l  t e s t i n g  l abs  f o r  asce r ta in ing  
t h e  maximum amount o f  a c i d  ( p o t e n t i a l  a c i d i t y )  t h a t  migh t  be produced by a  
complete ly  weathered rock  o r  mineso i l .  I n  one t e s t ,  t h e  p y r i t i c  s u l f u r  con- 
t e n t  i s  est imated from the  t o t a l  s u l f u r  con ten t  of t h e  mineso i l  sample a f t e r  
t h e  sample i s  leached t o  remove s u l f a t e s .  

A more d i r e c t  measure of t o t a l  p o t e n t i a l  a c i d i t y  inc ludes  t h e  use o f  
hydrogen perox ide t o  o x i d i z e  the  r e a c t i v e  p y r i t e  i n  t h e  mineso i l  sample. The 
amount o f  re leased a c i d  i s  determined by t i t r a t i o n  t o  n e u t r a l i t y  w i t h  a  stan- 
dard base. 

A p p l i c a t i o n  o f  t h e  f u l l  amount o f  l i m e  i n d i c a t e d  by t h e  p o t e n t i a l  a c i d i t y  
t e s t  w i l l  reduce t h e  chances t h a t  t h e  mineso i l  w i l l  again become extremely 
ac id .  One drawback o f  these t e s t s  i s  t h a t  i n e r t  and s low ly  o x i d i z a b l e  forms 
o f  p y r i t e  a l s o  may be measured and regarded as p o t e n t i a l l y  a c i d  forming; thus, 
f o r  some minesoi ls ,  more l i m e  might  be recommended than i s  necessary t o  ad- 
equate ly  amend t h e  p o t e n t i a l l y  a c t i v e  a c i d t t y .  



Testing for  potential acidi ty  i s  recommended on fresh, unweathered mine- 
so i l s  that  a re  suspected of becoming extremely acid as they weather. This 
t e s t  i s  a lso recommended on some par t ia l ly  weathered minesoils that  a re  a l -  
ready extremely acid and show indications of continuing to  be acid for  many 
years. Often, these minesoils contain large amounts of fine-grained pyrites 
that ,  w i t h  normal weathering, will continue to  oxidize for  several years. 

Testing minesoi 1 s for plant-avai lable phosphorus ( P )  usually i s  recom- 
mended because P often i s  deficient or unavailable to  plants. Several methods 
are  available for determining plant-available P i n  so i l s ;  b u t  not a l l  methods 
give meaningful resul ts  i n  minesoils, nor i s  any one method necessarily best 
for  tes t ing a1 1 types of mi nesoi 1s. For example, an extracting method known 
as the Bray #1 has given meaningful resu l t s  on many of the minesoils derived 
from rocks of Pennsylvanian Age, b u t  several other standard agricultural 
t e s t s  did not give meaningful resul ts .  Thus, resul ts  of soil  t e s t s  fo r  P  
should be accepted only i f  the soil  testing f a c i l i t y  can show that  the t e s t s  
a re  meaningful for  the minesoil materials being tested. 

Most standard soi l  t e s t s  for  potassium ( K )  give values that  a re  reason- 
ably meaningful when used on minesoi 1 s .  However, f e r t i  1 i zer experiments on 
minesoils have generally showc 1 i t t l e  o r  no plant yield increase due to  ap- 
plication of potassium f e r t i l i z e r .  Thus, soi l  tes t ing for K  may be of l i t t l e  
benefit except for areas designated for  agricultural crop production. 

Other Tests-- 

Normally, additional soi l  t e s t s  a re  not needed for  determining the plant- 
ab i l i t y  and treatment of minesoils. Cxceptions may be where unusual toxici ty  
problems are  encountered such as with boron or other minor elements. Most 
soi l  nitrogen t e s t s  have limited value because much of the nitrogen present in 
minesoils i s  not biologically available. Also, nitrogen i s  nearly always de- 
f i c i en t  i n  minesoils and nitrogen f e r t i l i za t ion  i s  recommended as a standard 
practice. 

Other soi l  t e s t s  can be made, b u t  because the geology, chemistry, and 
physics of minesoils a re  so complex and varied, these t e s t s  may have value 
only where meaningful interpretations of them have been developed for  the 
minesoils being revegetated. To be meaningful, the resul ts  of a so i l  test 
should correlate with the response of plants growing i n  the soi l  being tested. 
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