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Abstract.--The most important cons idera t ions  i n  revegeta-  
t i n g  reclaimed lands  a r e  s o i l  pH, moisture a v a i l a b i l i t y ,  and 
the  r e s t o r a t i o n  of f e r t i l i t y  and good n u t r i e n t  cyc l ing .  Green 
ash ,  cottonwood, a l d e r ,  Arnot b r i s t l y  l ocus t ,  and seve ra l  con- 
i f e r s  a r e  used most i n  p l an t ings .  Emphasis is placed on the  
use of symbiotic n i t rogen  f i x a t i o n  and mycorrhizae t o  improve 
establishment and growth of t r e e s .  

INTRODUCTION 

A s  an  a i d  t o  reclamation e f f o r t s  i n  Iowa 
and surrounding a reas ,  t h i s  paper reviews the  
f i nd ings  of revegeta t ion  s t u d i e s  done on o l d  
s p o i l  a r ea s ,  d iscusses  cu r r en t  work being 
conducted on t h e  Iowa S t a t e  Universi ty demon- 
s t r a t i o n  mine s i t e ,  and p ro j ec t s  some of t h e  
techniques l i k e l y  t o  be u se fu l  once the  
necessary developmental research  is  complet- 
ed. Most of t he  r e s u l t s  discussed a r e  based 
on coa l  mine reclamation work, b u t  they a l s o  
should have genera l  a p p l i c a b i l i t y  t o  o the r  
reclamation e f f o r t s .  

A t o t a l  of about 12,000 a c r e s  of  mined 
lands  a r e  i n  need of reclamation i n  Iowa. 
New mining a c t i v i t y  has  produced an average 
of only 400 add i t i ona l  ac re s  t o  revegeta te  
each year ,  bu t  t h i s  f i g u r e  could inc rease  
wi th  changes t h a t  may occur i n  t he  Iowa coa l  
indus t ry .  A t  p resent ,  only a small  percent- 
age of t he  land reclamation e f f o r t s  i n  Iowa 
involves t h e  p l an t ing  of t r e e s ;  most of t h e  
landowners have p re fe r r ed  t o  r e t u r n  the  land 
t o  row crops o r  pas ture .  Recreation,  
a e s t h e t i c s ,  and w i l d l i f e  h a b i t a t  improvement 
have been the  major reasons f o r  t he  t r e e  
p lant ing  t h a t  has  been done. Future i n t e r e s t  
i n  fuelwood p l an t a t i ons  might i nc rease  t he  
percentage of reclaimed land t o  be r e fo re s t ed .  
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Although t h e  su r f ace  mining of sand, 
gravel ,  l imestone,  gypsum, c l ay ,  and coa l  a l l  
con t r ibu t e  s i g n i f i c a n t l y  t o  land reclamation 
needs i n  Iowa, coa l  mining has  drawn the  most 
a t t e n t i o n .  Iowa's coa l  depos i t s  a r e  confined 
t o  t he  south-central  and southeas tern  po r t i ons  
of t he  s t a t e ,  a r ea s  charac ter ized  by a r o l l i n g  
topography and s o i l s  high i n  c l a y  content .  

The coa l  depos i t s  a r e  r e l a t i v e l y  h igh  i n  
s u l f u r  content ,  a f a c t o r  de laying  cu r r en t  use  
of t he  resource.  A s  t he  technology of s u l f u r  
removal improves and the  p r i c e  of coa l  import- 
ed t o  t h e  s t a t e  e sca l a t e s ,  s t r i p  mining f o r  
Iowa coa l  could r e t u r n  t o  i ts  former l e v e l  of 
400-500 ac re s  per  year (80-100 ac re s  per year 
cu r r en t ly ) .  

The high s u l f u r  content  i n  Iowa coa l  
depos i t s  has c rea ted  o the r  problems. It has 
been est imated t h a t  38%, the  h ighes t  percent-  
age i n  t he  c e n t r a l  s t a t e s ,  of t he  o l d  mine 
s i t e s  had tox i c  s p o i l s  with a pH of l e s s  than 
4.0 (Lorio e t  a l .  1964). New mining p r a c t i c e s  
have el iminated most of t h a t  problem, but  t he  
" t ight"  na tu re  of t he  s o i l s  i n  t he  a r e a  s t i l l  
makes t r e e  establishment d i f f i c u l t .  I n  addi- 
t i on ,  t he  more mechanical reclamation a s i t e  
has received,  t he  g r e a t e r  is  the  s o i l  compac- 
t i o n  and the  g r e a t e r  t h e  d i f f i c u l t y  i n  
revegeta t ing  wi th  t r e e s .  A second p o t e n t i a l  
problem on even t h e  s i t e s  reclaimed by new 
mining technology is  the  reestablishment of 
good nut r ien t -cycl ing  r e l a t i onsh ips .  Newly 
reclaimed s i t e s  a r e  l i k e l y  t o  have poor i n t e r -  
n a l  drainage,  low surface-soi l  organic-matter 
content ,  and reduced microbial  a c t i v i t y  t o  a i d  
i n  t he  breakdown and a v a i l a b i l i t y  of s o i l  nut- 
r i e n t s .  There is l i k e l y  t o  be some d i f f i c u l t y  
i n  g e t t i n g  good mycorrhizae e s t ab l i shed  on 
t r e e  roo t s ,  and those  t r e e  spec ies  capable of 
symbiotic n i t rogen f i x a t i o n  may not  encounter 
t he  necessary microbial  symbionts i n  these  



r econs t i t u t ed  s o i l s .  a s  a n i t rogen-f ix ing  shrub l aye r  i n  t r e e  
p l an t a t i ons .  

OLD MINE SITES 

Spoi l  cha rac t e r i za t ion  and revegeta t ion  
t r i a l s  were s t a r t e d  i n  1952, and seve ra l  gen- 
e r a l  summaries of t h a t  work have appeared 
previously (Hansen e t  a l .  1962; Lorio e t  a l .  
1964; Lorio and Gatherum 1965). On a few 
s i t e s ,  t he re  has been a n a t u r a l  re invas ion  of  
cottonwood, boxelder, and American elm. 
However, on many s i t e s  n a t u r a l  revegeta t ion  
is extremely slow because of a combination of 
low pH, s t eep  topography, i n f e r t i l i t y ,  and 
i n s u f f i c i e n t  seed source o r  germinaton condi- 
t i ons .  A t o t a l  of 1 5  t r e e  spec ies  was t e s t e d  
i n  p l an t a t i ons  on these  s p o i l s  and the  
following conclusions were drawn (Lorio e t  
a l .  1964) : 

1. Green ash  had the  b e s t  su rv iva l  
across  a l l  condi t ions ,  bu t  is  b e s t  adapted 
t o  more moist s i t e s  wi th  a pH near  7. 

2. Cottonwood had good su rv iva l  and the  
b e s t  growth r a t e  on a v a r i e t y  of s i t e s .  It 
had double t he  he ight  growth of green ash. 

3. I f  evergreens a r e  des i red ,  only 
ea s t e rn  redcedar should be used on ca lcar -  
eous s i t e s .  On dry,  low-pH s i t e s ,  jack and 
Virg in ia  pine can be used. Red and eas t e rn  
white pine should be used only on moist ,  
well-drained s i t e s  wi th  good f e r t i l i t y  and 
s l i g h t l y  ac id  pH's. 

One woody shrub spec i e s  a l s o  has shown 
considerable p o t e n t i a l  f o r  use. Arnot 
b r i s t l y  l o c u s t ,  a c u l t i v a r  of Rabirzia 
d ~ i X % h ,  can be e s t ab l i shed  on low pH s p o i l s  
( su rv iva l  r a t e  drops s i g n i f i c a n t l y  only be- 
low a pH of 3.5), and i t  w i l l  subsequently 
spread a s  a ground cover by means of roo t  
sprouting (Helgerson and Gordon 1978). 

S o i l  moisture and pH c h a r a c t e r i s t i c s  a r e  
the  primary determinants of what t r e e  spec ies  
can be e s t ab l i shed  on a s i t e  (Lorio and 
Gatherum 1965). Where t hese  two cha rac t e r i s -  
t i c s  a r e  not  extreme, t he  next  most important 
l i m i t a t i o n s  a r e  n i t rogen and phosphorus 
a v a i l a b i l i t y  (Lorio and Gatherum 1966). 
Therefore, p l an t ing  n i t rogen-f ix ing  t r e e  
spec ies  a lone  o r  i n  combination with o the r  
spec ies  is  l i k e l y  t o  i nc rease  growth r a t e s .  
European a lde r  (Alnua g&.tinona) is  a lead- 
ing  candidate f o r  u se  a s  t he  n i t rogen-f ix ing  
component of t r e e  p l an t a t i ons  (Dale 1963; 
P l a s s  1977), and a major research  p ro j ec t  on 
t h i s  spec i e s  is  i n  progress  a t  Iowa S t a t e  
Universi ty (Hall  e t  a l .  1979; Maynard and 
Hal l  1980). Black l o c u s t  ( R a b i k  phaufo- 
acacia)  is another ni trogen-fixing t r e e  
spec ies  t h a t  might be  used. The Arnot b r i s t -  
l y  l o c u s t  previously discussed could be used 

The phosphorus-deficiency problem should 
be reduced i f  t r e e s  can be p lanted  wi th  appro- 
p r i a t e  mycorrhizal fungi  a l ready e s t ab l i shed  
on t h e i r  roo t  systems (see  a r t i c l e  by Marx 
elsewhere i n  t h i s  proceedings).  We a l s o  have 
evidence t h a t  a t  l e a s t  one mycorrhizal fungus 
(Pi~5oRi/ thud ZincAaniun) o f f e r s  a d i r e c t  pro- 
t e c t i v e  e f f e c t  f o r  roo t  systems exposed t o  low 
pH s o i l s  where t ox i c  l e v e l s  of aluminum a r e  i n  
so lu t ion  (Cochrane and McNabb 1979). 

NEW MINE SITES 

Less experience is  a v a i l a b l e  on estab- 
l i s h i n g  t r e e  p l an t a t i ons  on s i t e s  mined with 
t he  new technology. A few landowners have 
successfu l ly  p lanted  walnut and white pine.  
The author has  e s t ab l i shed  a research  p l an t ing  
of European a l d e r  and hybrid poplar  (Pop(.&uA 
d b a  X P. gaandideuctatcr) on a t e r r a c e  a t  t he  
Iowa S t a t e  Universi ty Demonstration Coal Mine 
near Oskaloosa, Iowa. Af ter  t h r ee  growing 
seasons, t he  su rv iva l  is 37% f o r  t h e  a l d e r  and 
87% f o r  t he  hybrid poplar .  I n i t i a l  growth 
r a t e  was b e s t  f o r  t he  hybrid poplar ,  up t o  3.6 
f t .  i n  t he  f i r s t  year.  Once the  a l d e r  became 
es tabl i shed ,  rap id  growth s t a r t e d ,  adding a t  
l e a s t  3 f t .  of growth during the  t h i r d  growing 
season. Root excavations have shown t h a t  t he  
a l d e r  is capable of sending a "sinker-root" 
system down through the  compacted, high-clay- 
content  s o i l  t o  a depth of approximately 3 f t . ,  
while t he  r o o t s  of t he  hybrid poplar  a r e  con- 
f i ned  t o  a wide ho r i zon ta l  spread i n  t he  
upper 6 i n .  of s o i l .  Future evalua t ions  of 
t h i s  s tudy should provide i n s i g h t s  on the  
a b i l i t y  of a l d e r  t o  improve a reclaimed s i t e  
by breaking up compacted zones i n  t he  s o i l  and 
supplying n i t rogen  through l e a f  f a l l  and r o o t  
decomposition. 

Other s t u d i e s  a r e  needed t o  gauge the  
s u i t a b i l i t y  of a range of o t h e r  t r e e  spec ies  
f o r  use  on reclaimed s i t e s  and t o  determine 
the  b e s t  s i t e  prepara t ion  and p l an t ing  tech- 
niques.  The establishment of t r e e  p l an t a t i ons  
t h a t  he lp  t o  r e s t o r e  a n u t r i e n t  balance t o  
mined s i t e s  while providing fuelwood, w i l d l i f e ,  
and r ec rea t iona l  b e n e f i t s  may then become an 
a l t e r n a t i v e  t o  t he  more c o s t l y  reclamation of 
s i t e s  f o r  row-crop production. 
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