
SECTION 5 

VEGETATION ESTABLISHMENT 

Adherence t o  proper seeding and p l a n t i n g  procedures and use of appropr ia te  
s o i l  amendments and mulches w i l l  g r e a t l y  increase success i n  e s t a b l i s h i n g  vege- 
t a t i o n .  Th is  sec t i on  inc ludes i n fo rma t ion  on grading ; prepar ing seedbeds ; 
seeding methods ; p l a n t i n g  t r e e  and shrub seed1 ings ; seeding and p l a n t i n g  e q u i p  
ment; and us ing and app ly ing  f e r t i l i z e r ,  l ime, and mulch. 

GRADING AND LEVELING 

Grading, l e v e l i n g ,  o r  smoothing o f  t he  mined s i t e  normal ly  precedes re -  
vegetat ion a c t i v i t i e s .  Designed grading and shaping can enhance the  land fo r  
most uses. I n  add i t i on ,  a  newly graded mineso i l  u s u a l l y  provides a  s u i t a b l e  
seedbed. However, some grading p rac t i ces  can h inder  successful revegeta t ion  
and should be avoided. For example, grading mineso i ls  when wet o r  muddy can 
a l t e r  the  phys ica l  p r o p e r t i e s  o f  s o i l  p a r t i c l e s  and c rea te  a  compacted and 
pavement-l ike surface. Grading d ry  ma te r i a l s  t o  a  f i n e  o r  smooth f i n i s h  a l so  
can 'produce sur face cond i t ions  t h a t  a re  undesi rable f o r  vegetat ion es tab l i sh -  
ment. 

Grading o f  some types of spo i l s ,  espec ia l l y  those w i t h  a  predominance o f  
c l a y  and s i l t  p a r t i c l e s ,  i s  known t o  be det r imenta l  t o  t he  su rv i va l  and growth 
o f  p lan ted  t r e e  seedl ings. I n  some o f  the  p lan t ings ,  t r e e  growth has been ad- 
verse ly  a f f e c t e d  f o r  as long as 30 years a f t e r  p lan t i ng .  Conversely, on 
s p o i l s  w i t h  a  predominance of coarse p a r t i c l e s ,  grading was b e n e f i c i a l  t o  the  
s u r v i v a l  and growth of t r e e  seedl ings. Thus, the  e f f e c t s  o f  grading on vege- 
t a t i o n  establ ishment seem t o  be l a r g e l y  r e l a t e d  t o  t h e  type o f  s p o i l  mater ia ls .  
Because they o f t e n  con ta in  l a r g e  amounts o f  c l ay -s i ze  o r  f i n e  p a r t i c l e s ,  the  
topso i l s ,  subsoi ls ,  and parent  ma te r i a l s  used t o  cover mined areas may c rea te  
prob l  ems--part icul  a r l y  where they a re  i ntens i  ve l y  graded and compacted by 
earth-movi ng equipment. Soi 1  compaction should be a1 1  ev i  a ted  by r i p p i n g  o r  
c h i s e l i n g  be fore  at tempt ing t o  es tab l  i s h  vegetat ion.  

The ef fects o f  ea r th  moving and grading on revegeta t ing  abandoned mine 
s p o i l s  a l so  should be c a r e f u l l y  considered and p7anned before  the  moving of 
ea r th  begins, because i t  i s  poss ib le  t h a t  redis turbance o f  the  s p o i l s  cou ld  
c rea te  a d d i t i o n a l  problems r e l a t i n g  t o  environmental p o l l u t i o n  and revegeta- 
t i o n .  For example, because they a r e  weathered and leached, mineso i ls  a t  and 
near t he  sur face may be l ess  a c i d  o r  t o x i c  than s p o i l  ma te r i a l s  as some depth 
beneath the  surface. Thus, grading o f f  several f e e t  o f  s p o i l  would expose the  
unweathered acid-producing ma te r ia l s  and cause revegeta t ion  problems s i m i l a r  
t o  those t h a t  ex is ted  many years p rev ious l y  when t h e  area was f i r s t  mined. 



Additional expense and ef for t  would then be required in amending the acid 
material or i n  acquiring topsoil or other covering material. 

SEEDING PRACTICES 

W i t h  few exceptions, herbaceous species are  established from seed; a few 
species of t rees  and shrubs also have been established successfully on mined 
lands by seeding. In many cases, success in establishing vegetation i s  more 
dependent on the use of a few, relat ively simple seeding practices than i t  i s  
on speci es selection. 

Seedbed Preparation 

A sui table  seedbed is  required for  the successful establishment of seeded 
vegetation. A sui tab1 e seedbed i s  one that  provides numerous m i  crosi tes fav- 
orable for  seed gemination and seedling growth. An example of th i s  i s  some- 
times seen on mined areas where seeded vegetation i s  well established in de- 
pressions l e f t  by tracks of crawler t rac tors ,  b u t  few plants a re  found between 
depressions. 

Preparation of a seedbed by mechanical t i l l a g e  or scar if icat ion often i s  
essent ial ,  especially on minesoils that  a re  crusted or compacted, and for  
seedings made in l a t e  spring, summer, and fa1 1. However, broadcast seedings 
made on the  surface in l a t e  winter and early spring sometimes are  successful 
without mechanical preparation of a seedbed because the seed are  "planted" by 
the al ternate  freezing and thawing of the s o i l .  Also, t i l l a g e  may not be 
necessary where seeding i s  done immediately a f t e r  grading. 

A seedbed can be prepared w i t h  a variety of implements. The physical 
condition of the land surface and s ize  of the area are  factors governing the 
s ize and type of implements that  can be used effectively.  Normally, heavy- 
duty implements will be more useful and suffer  less  breakage than l ighter  ones. 
Disc harrows of several types and chisel plows are  useful for  t i l l a g e  in a 
variety of minesoil conditions (Figures 5 and 6 ) .  

Heavy-duty of fse t  disc harrows and bog harrows can effectively break up 
surface compaction, incorporate lime, and prepare a seedbed on many types of 
minesoils. B u t  they do not break up  subsurface compaction nor sa t i s fac tor i ly  
t i l l  so i l s  w i t h  many large rocks. When one or two discs r ide over a large 
rock, the ent i re  gang of discs i s  raised out of the ground. This interrupts 
t i l l a g e  and may cause breakage of the one or two discs tha t  are  supporting the 
weight of the en t i re  gang of discs. 

Tillage with chisel plows produces narrow furrows tha t  improve i n f i l t r a -  
tion of water, especially where furrows are  made on the contour. Plowing 
depth can be 2 t o  3 times greater with chisel plows than w i t h  disc harrows; 
thus, with suff ic ient  t rac tor  power, soi l  compaction can be broken a t  greater 
depths w i t h  chisel plows. Chisel plows are  suited for  t i l l i n g  rocky so i l s  be- 
cause each shank, or chisel ,  operates independently against the tension of 
heavy springs to  ~ l l o w  the chisel points to  ride over or bypass large surface 
and subsurface rocks. Chisel plows provide good seedbeds for  broadcast 



Figure 5. Offset disc harrow for  preparing the seedbed or incorporating 
lime. (Photo courtesy of Rome Industries) 

Figure 6 -  Chisel plow for  preparing a seedbed or incorporating lime. 
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seeding and they e f f e c t i v e l y  mix amendments w i t h  the  s o i  1. Shanks w i l l  break 
occasional?y and r a p i d  wear o f  c h i s e l  po in t s  can be expected i n  stony mine- 
s o i l  s, e s p e c i a l l y  sandstones. Small- t o  medium-size rocks t h a t  can be p u l l e d  
ou t  o f  t he  ground by  t h e  c h i s e l  plow may be u n s i g h t l y  and i n t e r f e r e  w i t h  the  
use o f  o the r  a g r i c u l t u r a l  implements. 

For mineso i ls  t h a t  a r e  extremely o r  deeply compacted, r i p p e r  t e e t h  a t -  
tached t o  a bu l l doze r  o r  grader may be requ i red  as an i n i t i a l  s tep i n  seedbed 
preparat ion.  For s o i l s  t h a t  a r e  no t  compacted o r  firmly crusted, t h e  use o f  a 
spr ing  too th  harrow, sp ike  t o o t h  harrow, f l e x i b l e  harrow, o r  s i m i l a r  l i g h t -  
du ty  implement can be used t o  s c a r i f y  t h e  s o i l  surface. Although i t  i s  usu- 
a l l y  an uneconomical and i n e f f i c i e n t  use o f  equipment, bu l ldozers  can be used 
f o r  seedbed preparat ion.  "Front  b lad ing"  o f f e r s  one advantage over "back 
b lad ing"  i n  t h a t  t h e  dozer t racks  prov ide  depressions t h a t  c o l l e c t  water and 
favor  seed germinat ion and seedl ing growth. "Tracking i n "  w i t h  a dozer i s  
about t h e  on l y  method a v a i l a b l e  f o r  prepar ing a seedbed on steep slopes. 

A commercial implement c a l l e d  t h e  ~ l ~ d b u s t e r ~ ~  has 1 i m i  t e d  appl i c a t i o n  
f o r  sca r i f y i ng  sho r t  slopes t h a t  a re  c l e a r  o f  boulders, t r e e  stumps, and o ther  
obstacles. 

Some o f  t he  seedbed prepara t ion  p rac t i ces  t h a t  a re  recommended f o r  a g r i -  
c u l t u r a l  s o i l s  a re  n o t  always necessary o r  appropr ia te  f o r  prepar ing a s u i t -  
ab le  seedbed on minesoi ls .  For example, a smooth, f i n e l y  t i l l e d  seedbed 
prepared by r e p e t i t i v e  d i s c i n g  can adversely a l t e r  the  physical  c h a r a c t e r i s t i c s  
o f  some mineso i ls  and a c t u a l l y  h inder  vegeta t ion  establ ishment.  On such mate- 
r i a l s ,  a  s i n g l e  pass w i t h  a d i sc  o r  c h i s e l  plow i s  su f f i c i en t .  I n  add i t ion ,  
p r e c i p i t a t i o n  i s  more e f f e c t i v e l y  trapped and he ld  i n  a seedbed l e f t  i n  a 
roughened c o n d i t i o n  than i n  a smoothly prepared one. 

Methods o f  Seeding 

Bas ica l l y ,  there  are  two ways t o  apply seed: broadcast and d r i l l .  Seed 
can be mixed w i t h  water and broadcast through a hydroseeder; o r  broadcast d ry  
by hand, o r  by ground-seeding equipment, o r  by a i r c r a f t .  Seed can a l s o  be 
p lan ted  w i t h  a g r a i n  d r i l l ,  grassland d r i l l ,  o r  rangeland d r i l l .  

The hydroseeder i s  very  popular, especiaTly i n  the  mountainous Appalach- 
i a n  Region, f o r  seeding steep slopes and h ighwal ls  t h a t  cannot e a s i l y  be seed- 
ed w i t h  o the r  types of equipment (F igure  7 ) .  Another advantage o f  the hydro- 
seeder i s  t h a t  seed, f e r t i l i z e r ,  and hydromulch a l l  can be mixed together  
w i t h  water t o  form a s l u r r y  t h a t  can be app l i ed  i n  the  one pass over the area. 
Disadvantages of t he  hydroseeder a re  t h a t  a source of water must be a v a i l a b l e  
near the  seeding j o b  and a considerable amount of t ime i s  requ i red  t o  f i l l  the  
tank w i t h  water. Each tank o f  s l u r r y  covers a r e l a t i v e l y  small area, especi- 
a l l y  when hydromulch i s  inc luded i n  the  s l u r r y .  The s l u r r y  a g i t a t i o n  system 
i n  some types o f  hydroseeders may damage seeds o f  some grasses and la rge-  
seeded legumes. But the germinat ion o f  some species, e s p e c i a l l y  legumes w i t h  
hard seed, may be enhanced by s c a r i f i c a t i o n .  Ex t ra  seed t o  compensate f o r  
those t h a t  may be damaged can be added i n  the  hydroseeder. 



Figure 7 .  The hydroseeder. 

Several kinds and sizes of broadcast seeders are  available fo r  dry appli- 
cation of seed. These seeders range i n  s ize  from hand-operated cyclone seeders 
that hold about a bucket fu l l  of seed to  those that  hold several bushels and 
are  mounted on a t rac tor  or pickup truck. Broadcast seeding can also be done 
w i t h  a conventional 1 ime spreading truck, though there may be some d i f f icu l ty  
in accurately controlling rate  of seed dispersal. 

Aircraft  a re  most e f f ic ien t  and useful for  seeding large acreages and 
areas where mud or other adverse surface conditions prevent the use of ground 
equipment. Helicopters generally are  more versat i le  than fixed-wing a i r c ra f t  
for seeding out-of-the-way or  hard-to-reach areas. For greatest  efficiency, a 
landing s t r i p  close to the work area i s  required. A substantial amount of 
ground-support equipment also i s  required for  transporting seed and handling 
a t  the landing s i t e .  

Seeding w i t h  d r i l l s  may require more time and greater expense for  equip- 
ment than seeding with some of the broadcast seeders. However, w i t h  d r i l l s ,  
fewer seed are  required because most of the seed are  planted a t  a uniform 
depth and covered. Because seed are  placed in a microenvironment that  in- 
creases the i r  chances for germination and growth, the advantage of seeding 
w i t h  dri  11s i s  greater in the climatically dr ie r  zones than in the more humid 
ones. 

The use of grain d r i l l s  and grassland d r i l l s  i s  limited to  areas that  a re  
free of stones and level and smooth enough for  normal use of farm equipment. 
The rangeland d r i l l  i s  a rugged, heavy-duty implement designed for  seeding 
grain, grass, and legume seeds on rough stony rangelands in the West (Fig. 8 ) .  



F igu re  8. The rangeland d r i  11. 

T h i s  d r i l l  a l s o  has been t e s t e d  on surface-mined l a n d  i n  western Kentucky and 
i s  capable o f  w i t hs tand ing  t h e  r i g o r s  of ope ra t i ng  on s tony s p o i l s  w i t h  1 i t t l e  
breakage. Another advantage of  t he  rangeland d r i l l  i s  t h a t  i t  forms fu r rows 
t h a t  ca tch  and h o l d  sur face runoff ;  thus, t h e  environment f o r  seed l ings  i s  
improved. T i l l a g e  before seeding w i t h  a d r i l l  may be necessary on m ineso i l s  
t h a t  a r e  compacted o r  have formed hard  c rus t s .  

Time o f  Seeding 

The bes t  t i m e  f o r  seeding v a r i e s  f rom one r e g i o n  t o  another .  I n  most 
reg ions o f  t h e  East, weather p a t t e r n s  favor e a r l y  s p r i n g  seeding f o r  coo l -  
season species; b u t  f a l l  seeding may produce t he  g r e a t e s t  success i n  some a r -  
eas. For  example, i n  western Kentucky, f a l l  seedings o f t e n  a r e  more success- 
f u l  than s p r i n g  seedings because spring-sown p l a n t s  sometimes drought  o u t  
d u r i n g  r a i n l e s s  per iods  i n  l a t e  s p r i n g  and e a r l y  summer. E a r l y  t o  mid s p r i n g  
norma l l y  i s  t he  b e s t  t ime  t o  sow perenn ia l  and some annual warm-season species.  
Mid s p r i n g  t o  e a r l y  summer i s  t he  b e s t  t ime  f o r  seeding most summer annual 
species . 

Sometimes, m in ing  i s  completed and an area i s  ready f o r  seeding i n  t h e  
summer o r  w i n t e r  months. Seeding i n  l a t e  s p r i n g  and summer i s  more r i s k y  than  
e a r l y - s p r i n g  o r  f a l l  seedings, and i s  n o t  recommended i n  areas w i t h  h o t  d r y  
summers. Bu t  i n  some reg ions o f  the  East, such as much o f  Appalachia, summer 
r a i n f a l l  u s u a l l y  i s  s u f f i c i e n t  t o  e s t a b l i s h  stands of warm season annuals sown 
i n  l a t e  s p r i n g  t o  mid summer. Occas ional ly ,  summer p r e c i p i t a t i o n  a l s o  i s  ad- 
equate f o r  es tab l i shment  o f  coo l  and warm season pe renn ia l  species.  Thus, i n  
areas where summer p r e c i p i t a t i o n  norma l l y  i s  adequate, mined s i t e s  t h a t  a r e  



graded and ready for  seeding i n  l a t e  spring and summer should be seeded as 
soon as possible a f t e r  grading i s  completed. Usually, t h i s  will shorten the 
period of time that the minesoils l i e  barren and exposed to  erosion. 

Mi-d-winter seeding i s  sometimes done in the southern la t i tudes,  b u t  i t  i s  
not the usual practice i n  the central and northern la t i tudes because adverse 
weather and soi l  conditions often hinder access and travel on mined areas. 
Besides, seed sown i n  winter will  not germinate until  spring and much of i t  
could be los t  due to  erosion and s i l t a t ion .  

Seeding dates obviously will not be the same i n  a l l  regions. For example, 
the spring seeding period i n  I l l i no i s  may extend from about March 15 to  May 1 ,  
b u t  in Alabama i t  may be from February 1 to  March 15. Recommended dates for  
l a t e  summer and f a l l  seeding are  July 15 to  August 20 in Pennsylvania, whereas 
August 15 to  October 15 is  suggested for  Kentucky. Recommendations for  best 
seeding dates in a given region can be obtained from local farmers and agri- 
cultural service agencies. 

Seed Quality 

The use of good-quality seed that  has been properly tested and tagged 
w i  11 help ensure the successful establ ishrnent of vegetative cover. Seed qua1 - 
i t y  can be determined from information 1 isted on the seed tag. Two of the 
values l i s ted  on the seed tag--pure seed and germination percentage--are used 
to  determine pure l ive  seed (PLS). Pure l ive  seed i s  useful for figuring 
proper seeding rates  and the real cost of seed. 

To calculate PLS, multiply the percent of pure crop seed times the germ- 
ination percentage and divide by 100. For example, i f  a batch of seed con- 
ta ins  95 percent pure seed and has 80 percent germination, the percent of pure 
l ive  seed (PLS) i s  76; (95 x 80) + 100 = 76 percent. This means that  in a 
quantity of seed weighing 100 pounds, only 76 pounds have the potential t o  
germi na te .  

When purchasing seed, comparative pricing should be done on the basis of 
pure l ive  seed. This i s  especially important when buying species tha t  inher- 
ently d i f f e r  i n  purity and germination between seed lo ts .  To determine the 
cost per 100 pounds of pure l ive  seed--the real or actual cost of seed--divide 
the cost per 100 pounds by the percent PLS and multiply by 100. For example: 
Lot A of fescue seed costs $35.00 per 100 pounds and has 89 percent PLS; 
($35.00 + 89) x 100 = $39.33, the cost per 100 pounds of pure 1 ive seed. Lot 
B of fescue seed costs $31.00 per 100 pounds b u t  has only 68.4 percent PLS; 
($31 .OO + 68.4) x 100 = $45.32 per 100 pounds of pure l ive  seed. Although i t s  
bulk price was less ,  seed l o t  B actually costs more than l o t  A for an equal 
amount of pure 1 ive seed. 

Other items that  describe seed quality,  such as the percentage i n  weight 
of weed seed and the name and number per pound of noxious weed seed, also a re  
l i s ted  on the seed tag. The presence of certain noxious weed seed may be so 
potentially harmful that  high germination would not be the most important con- 
sideration in seed quality.  The date of t e s t  also should be noted t o  be sure 
that  seed germination has been recently tested. 



Using seed o f  unknown q u a l i t y  presents an added r i s k  i n  e s t a b l i s h i n g  
vegetat ion. However, such use may be necessary and j u s t i f i e d  where, f o r  ex- 
ample, l o c a l l y  co l  1 ected seed of n a t i v e  p lan ts  a r e  added t o  the seeding mix- 
t u r e  t o  increase species d i v e r s i t y .  However, seed o f  unknown q u a l i t y  should 
n o t  be depended upon t o  be t h e  major c o n t r i b u t o r  t o  a stand o f  vegetat ion.  

Seeding Rates 

Seeding r a t e s  recommended i n  t h i s  manual a re  expressed i n  pounds per  acre 
PLS. The use o f  PLS seeding ra tes  ins tead o f  b u l k  seeding r a t e s  w i l l  ensure 
t h a t  an adequate amount o f  v i a b l e  seed i s  sown. This  i s  e s p e c i a l l y  important  
f o r  proper seeding o f  species, such as some o f  the  n a t i v e  grasses, t h a t  of ten 
have r e l a t i v e l y  low p u r i t y  and germinat ion. To c a l c u l a t e  the  amount o f  b u l k  
seed needed t o  meet PLS recommendations, d i v i d e  the  PLS seeding r a t e  by the  
percent PLS and m u l t i p l y  by 100. For example, i f  a batch o f  switchgrass seed 
has 60 percent PLS, and t h e  recommended PLS seeding r a t e  i s  12 Ib/acre,  then 
(12 t 60) x 100 = 20 l b l a c r e  b u l k  seeding r a t e .  Obviously, i f  o n l y  12 pounds 
o f  switchgrass seed were sown, no t  nea r l y  enough v i a b l e  seed would have been 
sown t o  meet t he  seeding recommendations. 

The PLS seeding ra tes  suggested here u s u a l l y  a re  s u f f i c i e n t  f o r  vegeta- 
t i n g  mineso i ls  t h a t  have p rope r l y  prepared seedbeds and a re  adequately f e r -  
t i l i z e d ,  limed, and mulched. Sowing a d d i t i o n a l  seed seldom compensates f o r  
f a i l u r e  t o  prepare a seedbed o r  apply needed amendments. Seeding a t  t oo  h igh  
a r a t e  can cause seedl ing compet i t ion and r e s u l t  i n  a reduced stand, especi-  
a l l y  i n  d r i e r  environmental and c l i m a t i c  s i t u a t i o n s  and i n  w e l l  -prepared 
seedbeds. I n  seed mixtures o f  herbaceous species, t he  temporary species es- 
p e c i a l l y  should no t  be sown i n  excess o f  recommended r a t e s  because they may 
r e t a r d  o r  prevent  establ ishment o f  the  permanent species. I n  some s i t u a t i o n s  
where temporary species a re  sown alone f o r  growing mulch i n  place, t he  use o f  
add i t i ona l  seed may be j u s t i f i e d .  

I nocu la t i on  o f  Legume Seed 

Seed o f  herbaceous legumes should be inocu la ted  w i t h  t h e  appropr ia te  
s t r a i n  o f  rh i zob ia .  The value o f  i n o c u l a t i n g  seed o f  leguminous shrubs and 
t rees  i s  unce r ta in  because some of these species have been success fu l l y  es- 
tab1 ished from noninoculated seed. Inocu lan ts  a re  commercially a v a i l a b l e  f o r  
most species o f  herbaceous legumes; however, f o r  some o f  t he  woody legumes and 
uncommon seldom used herbaceous legumes, inoculum must be s p e c i a l l y  prepared 
by t h e  manufacturer. 

There a re  several methods o f  i n o c u l a t i n g  seed. For d ry  seeding, the i n -  
oculant  can be mixed w i t h  1 i g h t l y  moistened seed j u s t  be fore  sowing. The i n -  
oculant  should be generously appl ied--using even more than t h a t  recommended by 
the  manufacturer. Moistening seed w i t h  a " s t i c k e r "  such as sugar mixed w i t h  
water, molasses, o r  syn the t i c  gums he lps  b i n d  the  inoculum t o  the  seed and 
extends 1 ongevi ty o f  the  rh i zob ia .  Soi 1 imp lan t  i nocul ants a re  avai lab1 e 
whereby t h e  r h i z o b i a  i s  placed i n  t he  s o i l  ins tead of on t h e  seed. Preinocu- 
l a t e d  legume seed can be purchased from some seed dealers. 



When seeding w i t h  a hydroseeder, t h e  i nocu lan t  i s  added t o  the  s l u r r y  
j u s t  be fore  i t  i s  spread. When mixed w i t h  a s l u r r y  t h a t  inc ludes f e r t i l i z e r ,  
t h e  i n o c u l a t i n g  b a c t e r i a  may be k i l l e d  by h igh  a c i d i t y  ( low pH) caused by t h e  
f e r t i l i z e r .  To reduce l oss  o f  the  b a c t e r i a  the  s l u r r y  pH should be kept  above 
5.0 and spread as soon as poss ib le  a f t e r  mixing. Where s l u r r y  pH i s  below 
5.0, hydrated l i m e  can be added a t  100 pounds f o r  each 1,000 ga l lons  o f  water 
t o  lessen t h e  e f f e c t  o f  the  a c i d i t y .  For hydroseeding, inocu lan ts  should be 
added a t  double the  amount recommended f o r  d r y  seeding. 

Commercial inocu lan ts  a re  stamped w i t h  an e x p i r a t i o n  date because t h e  v i -  
a b i l i t y  pe r iod  o f  t h e  packaged r h i z o b i a  i s  l i m i t e d .  Inocu lan t  w i t h  an exp i red  
date should no t  be used. The environment i n  which i nocu lan t  i s  s to red  a l s o  
a f f e c t s  i t s  v i a b i l i t y .  High temperatures w i l l  destroy i t, so beware o f  buying 
and us ing i nocu lan t  s to red  o r  d isp layed i n  abnormally warm places such as i n  
a t t i c s  o r  nex t  t o  stoves. Inocu lan t  should be kept  i n  a cool  place, and par- 
t i a l l y  used packages should be t i g h t l y  resealed. Use i nocu lan t  on l y  on t h e  
legume species f o r  which i t  i s  spec i f i ed .  

PLANTING WOODY SPECIES 

Woody vegetat ion o f t e n  becomes es tab l  ished by na tu ra l  seeding b u t  ad- 
equate stands o f  commercially va luable f o r e s t  t rees  seldom develop n a t u r a l l y  
on surface-mined lands. Thus, a r t i f i c i a l  f o r e s t a t i o n  i s  t h e  on l y  sure way t o  
e s t a b l i s h  f u l l y  stocked stands o f  des i rab le  species. A r t i f i c i a l  p l a n t i n g  o f  
woody species a l so  hastens the  i n i t i a l  establ ishment o f  food and cover p lan ts  
b e n e f i c i a l  f o r  w i l d l i f e .  Subsequent na tu ra l  seeding adds needed d i v e r s i t y  t o  
t he  h a b i t a t .  

The success o f  any p l a n t i n g  i s  a f f e c t e d  by the  (1 )  q u a l i t y  of p l a n t i n g  
stock; (2 )  method o f  p lan t i ng ;  (3 )  care o f  p l a n t i n g  stock; ( 4 )  spacing; and 
( 5 )  t ime  o f  p lan t i ng .  Paying a t t e n t i o n  t o  proper  establ ishment procedures i s  
as important  as s e l e c t i n g  appropr ia te  p l a n t  species. 

g u a l i t y  o f  P lan t i ng  Stock 

P l a n t i n g  stock o f t e n  i s  def ined i n  terms o f  age such as 1-0, 2-0, 2-1, 
and so on. A 1-0 seed1 i n g  i s  produced i n  1 year,  1  i f t e d  from the  seedbed, and 
ready f o r  immediate p l a n t i n g  i n  t he  f i e l d .  A 2-0 seedl ing i s  l e f t  i n  t he  
seedbed f o r  2 years. A 2-1 seed1 i n g  i s  grown f o r  2 years i n  the  seedbed, then 
t ransp lan ted and grown 1 year  i n  a t ransp lan t  bed before  i t  i s  l i f t e d  f o r  
f i e l d  p lan t i ng .  The sum o f  the  two numbers i s  t h e  age of t h e  seedl ings. 

P lan tab le  s tock  o f  many o f  the s u i t a b l e  species i s  produced i n  one year .  
However, t he  s i z e  o f  p l a n t i n g  s tock  can vary among nurser ies  and w i t h  d i f f e r -  
en t  seasons i n  t he  same nursery. Thus, the  qua1 i t y  o f  p l a n t i n g  stock should 
be judged main ly  by  t h e  s i z e  and balance o f  the seed1 ings  ins tead o f  s o l e l y  by 
age. Stem diameter, and l e n g t h  and weight o f  roo ts  i n  r e l a t i o n  t o  l eng th  and 
weight o f  tops, a r e  genera l l y  considered t h e  bes t  c r i t e r i a  f o r  judg ing  stock 
q u a l i t y .  Root and t o p  pruning, a p r a c t i c e  f o r  adapt ing seedl ing s i z e  t o  d i f -  
f e r e n t  methods o f  p lan t i ng ,  a l s o  a f f e c t s  s tock q u a l i t y .  



General ly,  g rea te r  stem diameters mean b e t t e r  s u r v i v a l  o f  seedl ings. 
For most c o n i f e r s  and hardwoods, a minimum stem diameter o f  0.1 t o  0.15 inches 
(2 .5  t o  4 mm) i s  recommended. However, t h e  maximum stem diameter t h a t  should 
be p lan ted  i s  l i m i t e d  o r  determined by t h e  l e n g t h  o f  roo ts .  I n  most p l a n t i n g  
jobs, roo ts  a r e  pruned t o  standard lengths t o  accommodate t h e  methods of 
p lan t i ng ;  f o r  example, 6 inches w i t h  p l a n t i n g  bars and 8 inches w i t h  mattocks. 
I f  the  diameter and l e n g t h  o f  top  a re  excessive i n  p ropo r t i on  t o  the  length  o f  
pruned roo ts ,  an imbalance i n  t h e  phys io log i ca l  processes o f  t he  seed l ing  
could g r e a t l y  decrease i t s  chances f o r  s u r v i v a l .  Seedlings o f  most hardwoods 
can be top  pruned w i t h  no s i g n i f i c a n t  e f f e c t  on s u r v i v a l .  Top pruning can 
f a c i  1 i t a t e  pac k i  ng , shipping , and hand1 i n g  o f  hardwood seed1 i ngs . Top pruning 
i s  not  advised f o r  con i fe rs .  

Planti,ng stock standards f o r  the  Centra l  States reg ion  were developed by 
the  USDA Forest Serv ice fo r  t r e e  species commonly p lan ted  on mined lands 
(Tables 6 and 7 ) .  For coni fers,  t h e  standards a re  based on stem diameters 
( a t  t h e  ground l i n e )  and t h e  r e l a t i o n  o f  top  lengths  t o  r o o t  lengths a f t e r  
pruning. For s h o r t l e a f  pine, f o r  example, the  recommended minimum stem d i -  
ameter i s  0.15 inches; i f  roo ts  a re  pruned t o  6- inch lengths, t he  tops should 
be longer than two- th i rds  t h e  length  of t he  roo ts  ( 4  inches) and sho r te r  than 
8 inches. For hardwoods, t h e  standards a r e  based on l y  on stem diameters; max- 
imum stem diameters a re  prescr ibed o n l y  i f  r o o t s  a r e  pruned t o  lengths  o f  8 
inches o r  l ess .  P lan t i ng  stock standards may vary somewhat i n  o ther  regions.  

For t h e  fu tu re ,  another f a c t o r  t o  consider  i s  t h e  s e l e c t i o n  and use o f  
p l a n t i n g  s tock  inocu la ted  w i t h  t h e  appropr ia te  mycorrh iza l  associates. The 
species of mycorrh iza l  fungi normal ly  present i n  nursery beds may no t  be 
adapted t o  t h e  i nhosp i tab le  environment o f  mineso i ls .  I n  add i t i on ,  fumigat ion  
and f e r t i l i z a t i o n  p rac t i ces  used i n  most nurser ies  a re  detr imenta l  t o  t he  ex- 
i s tence o f  t h e  fung i .  Hopefu l ly ,  as a d d i t i o n a l  knowledge i s  gained about t h e  
mycorrh iza l  fung i  and o ther  bene f i c i a l  microorganisms, nurser ies  w i l l  develop 
o r  adapt techniques f o r  producing o r  i n o c u l a t i n g  p l a n t i n g  s tock  w i t h  t h e  
mycorrh iza l  species t h a t  a re  most bene f i c i a l  f o r  t he  su rv i va l  and growth o f  
seedl ings on mined areas. 

Methods o f  P l a n t i n g  

Seedlings o f  t r e e s  and shrubs u s u a l l y  a re  hand planted; a p l a n t i n g  bar  
(d ibb le )  o r  mattock i s  used t o  make the  holes (F igures 9 and 10).  The p l a n t -  
i n g  bar  i s  a b e t t e r  choice f o r  use i n  mineso i ls  t h a t  a re  stony o r  compacted. 
The p l a n t i n g  ho le  should be l a r g e  enough so t h a t  t h e  seedl ing roo ts  can be 
spread ou t  and not  bent o r  doubled under. Seedlings should be p lan ted  t o  t h e  
same depth a t  which they were growing i n  t h e  nursery. The s o i l  should be 
pressed firmly around the  p lan ted  seed1 i ng . 

Hand p l a n t i n g  i s  necessary on steep slopes and small areas and i s  done 
w i t h  crews o f  a few t o  several p lan te rs  (F igure  11).  For l a r g e  p l a n t i n g  crews, 
one person should be respons ib le  fo r  t h e  care o f  the p l a n t i n g  stock and f o r  
d i s t r i b u t i n g  i t  t o  t h e  p lan te rs .  On steep slopes, where rocks could s l i d e  o r  
r o l l ,  no p l a n t e r  should work d i r e c t l y  below another. 



TABLE 6. PLANTING STOCK STANDARDS FOR HARDWOODS 
PLANTED ON SURFACE-MINED LAND IN THE 
CENTRAL STATES&/ 

' Species 

Stem Diameter a t  Ground Line 

Maximum (For roots 
Mi nimum pruned to  8 inches 

or less )  

Maple, s i lve r  
Ash, green and white 
Walnut, black 
Sweetgum 
Tulip poplar 
Osage-orange 
Sycamore 
Cottonwood 
Oak; b u r ,  northern red, 

and chestnut 

d/~rotn U.S. Department of Agriculture. 1960. Forestation of strip-mined 
land in the Central States. U.S. Dep. Agric., Agric. Handb. 166. 

Tractor-drawn t r ee  planting machines can be used on large, relatively 
level areas that  are  f ree  of stones. Usual-1y 15 to 20 percent i s  the safe 
maximum slope fo r  machine planting on contour. For safety,  steeper slopes, 
up to 30 percent, should be planted up  and down slope; however, furrows run- 
ning up and down slope can create channels for  in i t ia t ing  gulley erosion. 
Care should be taken that  the machine covers the furrow suff icient ly  and packs 
soi l  around the seedling roots. I t  i s  desirable to  have someone follow the 
machine and tamp around loosely packed seedlings. 

Hybrid poplars often are  propagated from cuttings. A planting hole for  
cuttings can be made w i t h  the planting bar or mattock, b u t  a pointed planting 
bar made from steel rod about 3/4-inch i n  diameter works best. The hole should 
be deep enough to  place a t  leas t  two-thirds of the poplar cutting i n  the ground. 
The cuttings usually are about 10 inches long. The buds on the cutting should 
point upward. 

Care of Plantinq Stock 

Planting stock should be protected from exposure to  sun and drying during 
shipment and delivery to  the planting s i t e .  Seedlings should be planted as 
soon as possible. If  necessary to  keep stock several days before planting, 
moisten unopened bundles and s tore  in a cool, shaded place. For seedlings 



TABLE 7. PLANTING STOCK STANDARDS FOR CONIFERS 
PLANTED ON SURF CE-MINED LAND IN THE 
CENTRAL STATES!?? 

Species 

Minimum 

Allowable Range i n  Length 

Diameter 
of Stem a t  For roots For roots 

Ground Line pruned t o  pruned no 
6 inches shor te r  than 

8 inches 

Eastern redcedar 
Jack pine 
Shortleaf pine 
Red pine 
Pitch pine 
Eastern white pine 
Loblol l y  pine 
Virginia pine 

d/~rom U.S. Dep. Agric., Agric. Handb. 166, 1960. 

t ha t  cannot be planted within 2 weeks a f t e r  delivery,  the  bundles should be 
opened, inspected, moistened and "heeled in , "  or placed in cold storage a t  34" 
t o  38OF. Stock of most species can be held safe ly  i n  cold storage f o r  3 t o  4 
weeks . 

While planting,  seedlings must be kept moist i n  a canvas planting bag o r  
bucket (Figure 12 ) .  Tree roots exposed t o  drying can be damaged o r  k i l l ed  
very quickly. Coating seedling roots w i t h  kaolin clay is sometimes done t o  
re tard  root  drying while planting. To make the  coating, mix 100 pounds of 
kaolin clay i n  25 gallons of water. Dip the  roots in the clay s lu r ry .  Plant- 
ing t rays  o r  buckets, b u t  not planting bags, a r e  recommended f o r  carrying 
coated seed1 i ngs. 

Spac i ng 

The spacing of planted t r e e s  and shrubs var ies  with l oca l i t y ,  purpose of 
the planting,  species,  and requirements of regulatory agencies. For commer- 
c i a l  fo res t ry  (timber production), ideal spacing i s  wide enough t o  postpone 
the f i r s t  thinning unt i l  merchantable products can be obtained, and c lose  
enough t o  ensure good form and development. As a rule ,  conifers  a r e  planted 
a t  a s l i g h t l y  wider spacing than hardwoods. Planting 800 t o  1,000 t r e e s  per 
acre  usually i s  recommended f o r  conservation purposes and fo r  development of a 
productive fo res t .  Spacing a t  6 by 7 f e e t  (about 1,000 t r e e s  per acre)  or  7 



Planting with a Dibble . 
1 

I. Insert dibble at angle 
shown and push forward 
t o  upright position. 

2. Remove dibble and 

place seedling at correct 
depth. 

3. insert dibble 2 inches 

toward planter from 
seedling. 

4. Pull handle of dibble 
toward planter firming 
sol1 at bottom of roots. 

5. Push handle of dlbble 

forward from planter 
firming soil at top of 
roots. 

6. Insert dibble 2 inches 
from last hole. 

7. Push forward then 
pull backward filling 
hole. 

8. Fill in  last hole by 
stamping wi th heel. 

9. Firm soil around 
seedling wi th feet. 

Figure 9. Planting tree and shrub seedlings with a dibble. (Redrawn with 
permission from John Wiley & Sons, Inc. and Alabama State 
Forester) 



I 

Planting with a Mattock 

I. Insert mattock, lift 
handle and pull. 

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

2. Place seedling along 
straight side at correct 
depth. 

4. Finish filling in soil 
and firm with heel. 

5. Firm around 
seedling with feet. 

F igu re  10. P lan t i ng  t r e e  and shrub seedl ings w i t h  a mattock. (Redrawn w i t h  
permission from John Wiley & Sons, Inc .  and Alabama S ta te  
Fores ter )  



Figure 11. Planting t rees  wi th  a dibble. 

by 7 fee t  (about 900 per acre) i s  frequently recommended for  mixed hardwood 
plantings. Spacing a t  7 by 8 fee t  or 8 by 8 fee t  i s  recommended for  conifers. 

Christmas t r e e  plantings usually are spaced 5 by 5 f ee t ,  sometimes 6 by 6 
feet .  For hybrid poplars planted alone, an 8- by 8-foot spacing i s  recommend- 
ed, b u t  i f  planted i n  a l ternate  rows with a conifer, black locust, or black 
alder,  a 7- by 7-foot spacing i s  advised. Closer spacings may be desired for  
screen plantings along roads, in block plantings of shrubs used for  wild1 i f e  
habitat ,  and on slopes where erosion control i s  a major concern. 

The usual planting procedure i s  t o  space seedlings uniformly over an en- 
t i r e  area. An a l ternate  method that  may improve s tabi l izat ion and erosion 
control on slopes i s  t o  plant the seedlings close together ( 4  to  5 fee t  apart)  
i n  two to  four closely spaced rows ( 5  to  6 fee t  apart)  on the contour. The 
spacing of seedlings in one row should al ternate  with the spacing in the ad- 
jacent rows. The distance between groups of rows should be 20 t o  40 fee t .  
This spacing also provides a suitable planting pattern for  wildl i fe  habitat ,  
especially when shrubs are  used. 



I. Dig V-shaped trench 
in moist shady place. 

Heeling In 

2. Break bundles and 
spread out evenly. 

3. Fill in loose soil and 
water well. 

4. Complete filling in 
soil and firm with feet. 

Handling Seedlings 

Correct Incorrect 
In canvas planting bag In bucket with sufficient In hand, roots dry out. 
with moist peat at bottom. water t o  cover roots. 

F i g u r e  12 .  Methods o f  h a n d l i n g  s e e d l i n g s  b e f o r e  p l a n t i n g .  (Redrawn w i t h  p e r -  
m i s s i o n  from John  Wiley & Sons, I n c .  and Alabama S t a t e  F o r e s t e r )  



Following are  the approximate number of trees planted per acre a t  vari- 
ous spacings: 

Planting Patterns 

Following principles discussed i n  Section 6 for  planting woody species i n  
mixtures, one of several patterns can be chosen. A random mixture implies 
that  the species a re  intimately mixed and the seed1 ings planted with no de- - .  
signed or selected pattern for- t he i r  placement. Random planting requires ad- 
ditional labor because i t  i s  necessary to  mix the seedlings before giving them 
to the planting crews. 

In single row mixtures, one species i s  planted per row. A different spe- 
cies i s  planted in an adjacent row. In multiple row mixtures, two or more ad- 
jacent rows are  planted with the same species. Then, another s e t  of two or 
more rows are  planted with a different  species. Rows usually run the fu l l  
length of the area being planted. 

In block or group mixtures, one species i s  planted i n  a block or group 
comprised of several rows that  are  of some predetermined length. A different  
species i s  planted i n  an adjacent block of similar or other predetermined 
s ize.  Randomly placing small blocks or groups of single species most nearly 
simulates the pattern of reproduction in a natural forest .  

Where included in t r e e  mixtures, nitrogen-fixing nurse trees that  are  
uniformly spaced throughout the planting probably provide the most benefit t o  
adjacent crop t rees .  The spacing arrangement for  nurse trees i s  related to  
the i r  percentage composition in the mixture. For example, t o  make up  25 per- 
cent of the mixture, nurse t rees  should be planted in every other space i n  
a l ternate  rows. To make up one-third of the mixture, plant the nurse species 
i n  every t h i r d  row (Table 8) .  A spacing pattern can also be designed where 
nurse t rees  make up  20 percent or less  of the mixture, b u t  randomly mixing 
them w i t h  the crop t rees  may be the easiest  planting procedure. 

Time of Planting 

Late winter through early spring normally i s  the best time for planting 
woody species. Planting can begin when the ground i s  no longer frozen and as 
soon as seedlings can be obtained from the nursery. Depending on weather 
conditions, the beginning date for  planting may vary as much as 3 weeks from 
one year t o  another. Planting of nursery stock usually should be terminated 
by May 15 in northern regions and by April 15 in central t o  southern regions. 
Planting can be extended l a t e r  into the spring a t  the higher elevations in 
Appalachia than i t  can a t  lower elevations. 



TABLE 8. EXAMPLES OF PLANTING PATTERNS FOR TREE MIXTURES 

Type o f  Mix ture  Row P lan t ing  Pat te rn  

Random Mix ture  
o f  Crop 
Species w i t h  
25% Nurse Trees 

Single Row 
Mix ture  o f  Crop 
Species w i t h  
33% Nurse Trees 

1 
2 

M u l t i p l e  Row 3 
Mtx ture  o f  Crop 4 
Species w i t h  . 5  
25% Nurse Trees 6 

7 
8 

1  
2 
3 
4 

Block o r  Group 5  
Mix ture  of 6 
Crop Species 7 

.8 
9 

10 
11 

d c a b e d e b a c d a b c e  
N b N c N a N e N d N d N a N  
c c b a d e d a b d a b e c e  
d N c N a N d N c N b N e N b  

a a a a a a a a a a a a a a a  
N N N N N N N N N N N N N N N  
b b b b b b b b b b b b b b b  
C C C C C C C C C C C C C C C  

N N N N N N N N N N N N N N N  
a a a a a a a a a a a a a a a  

a a a a a a a a a a a a a a a  
a N a N a N a N a N a N a N a  
b b b b b b b b b b b b b b b  
N b N b N b N b N b N b N b N  
b b b b b b b b b b b b b b b  
c N c N c N c N c N c N c N c  
C C C C C C C C C C C C C C C  
N a N a N a N a N a N a N a N  

a a a a a a a a b b b b b b b  
a a a a a a a a b b b b b b b  
a a a a a a a a b b b b b b b  
a a a a a a a a b b b b b b b  
a a a a a a a a b b b b b b b  
a a a a a a a a b b b b b b b  
d d d d d d d d c c c c c c c  
d d d d d d d d c c c c c c c  
d d d d d d d d c c c c c c c  
d d d d d d d d c c c c c c c  
d d d d d d d d c c c c c c c  

a, b, c, d, e  = crop trees; N = nurse t rees.  



La te  f a l l  o r  e a r l y  w i n t e r  p l a n t i n g  has been on ly  p a r t i a l l y  successful, 
the successes occur r ing  main ly  on t h e  more " i dea l  " p l a n t i n g  s i t e s .  Seed1 ings 
p lan ted i n  t h e  f a l l  a re  suscept ib le  t o  f r o s t  heaving and t h e  r e s u l t a n t  d ry ing  
o f  roo ts .  Where f a l l  p l a n t i n g  i s  necessary o r  des i rab le  f o r  d i s t r i b u t i n g  j o b  
loads o r  because o f  l abo r  shortages i n  the spring, i t  should be r e s t r i c t e d  t o  
minesoi 1 s l e a s t  suscept ib le  t o  f r o s t  heaving, f o r  example, those w i t h  moderate 
t o  dense ground cover o r  barren s i t e s  t h a t  a re  sandy o r  loose shaly loams. 

Contai ner-Grown Seed1 i ngs 

Woody p l a n t  seed1 ings  grown i n  conta iners i n  a greenhouse have been used 
t o  extend t h e  p l a n t i n g  season i n t o  l a t e  spr ing  and even e a r l y  summer. The 
container-grown seedl ings can be taken from the  greenhouse, hardened o f f  f o r  
a couple o f  weeks i n  a she l te red outdoor locat ion ,  and d i r e c t l y  p lanted on 
t h e  mine s i t e .  O r ,  they  can be hardened o f f ,  placed i n  r e f r i g e r a t i o n  a t  43OF, 
and p lan ted a t  a l a t e r  date. I n  a t e s t  p l a n t i n g  i n  Tennessee, container-grown 
seed1 ings  p lan ted on J u l y  1 had 87 percent su rv i va l ,  whereas bareroot  s tock 
t h a t  had been r e f r i g e r a t e d  had 3 percent su rv i va l  . However, i n  Pennsylvania, 
s u r v i v a l  o f  container-grown seedl ings i n  most t e s t  p lan t i ngs  was no b e t t e r  
than su rv i va l  of bareroot  seedl ings when planted i n  the  usual sp r ing  p lan t ing .  

Some types o f  conta iners a re  unsu i tab le  f o r  use on minesoi ls  bwause they 
are  e a s i l y  f r o s t  heaved from the ground. Tubel ing type containers, espec ia l l y  
those made o f  p l a s t i c ,  a re  most suscept ib le  t o  f r o s t  heaving; peat p o t  and 
peat pe l  l e t  type conta iners are  l e a s t  suscept ib le.  

D i  r e c t  Seeding 

The d i r e c t  seeding o f  t rees  and shrubs appears t o  be an a t t r a c t i v e  a l -  
t e r n a t i v e  t o  hand p l a n t i n g  seedlings, espec ia l l y  on steep slopes. However, 
d i r e c t  seeding on surface mines has been successful w i t h  on ly  a few species; 
even w i t h  these, r e s u l t s  have no t  been cons is tent .  Thus, d i r e c t  seeding 
woody species i s  advised on ly  where there  i s  a h i s t o r y  o f  reasonable success. 

D i r e c t  seeding i s  t h e  p r i n c i p l e  method o f  p l a n t i n g  southern p ines on 
mined areas i n  Alabama, and i s  reasonably successful i n  southeastern Tennessee 
But i n  Central  and Northern States, success w i t h  d i r e c t  seeding of any species 
o f  p ine  has been incons is ten t  and usua l l y  considered r i s k y .  Where used, p ine  
seed should be t rea ted  w i t h  b i r d  and rodent  r e p e l l e n t .  Cold s t r a t i f i c a t i o n  
(33" t o  41°F) o f  p ine  seed i n  a moist  medium usua l l y  improves f i r s t - y e a r  
germination. 

Black l o c u s t  and shrub lespedeza have been es tab l ished successfu l ly  by 
d i r e c t  seeding i n  much o f  t h e  Appalachian Region, and indigobush and green ash 
have been es tab l  ished successful l y  i n  West V i r g i n i a  . D i  r e c t  seeding of these 
species i s  not  advised a t  e levat ions  above 3,000 f e e t  o r  i n  the  nor tbern p a r t  
o f  Appalachia. 

D i r e c t  seeding o f  b lack  walnut has produced v a r i a b l e  r e s u l t s .  I n  111- 
i no i s ,  some o f  t he  p lan t ings  t h a t  were d i r e c t  seeded i n  t h e  l a t e  1940's were 
more successful than those establ ished from seedlings. But, i n  Missouri ,  
Kansas, and Oklahoma, establishment of seeded walnut was r e l a t i v e l y  poor i n  



most plantings. In eastern Ohio, direct  seeded walnut were near fai lures .  In 
Missouri and Kansas, seeded bur oak produced satisfactory stands in some 
plantings, b u t  overall were less  successful than planted seedlings. 

Broadcast seeding on a mechanically prepared or frost-heaved seedbed i n  
l a t e  winter or early spring i s  the most common method for  direct  seeding spe- 
cies with small seeds. A stand of more evenly spaced t rees  can be achieved by 
spot seeding. Row seeding machines can be used on minesoils that  are  rela- 
t ively level and free of stones. Large seed, such as acorns and black walnut 
nuts, should be hand planted 1 to  3 inches deep a t  uniformly spaced spots. 
Two or three seed per spot a re  recommended to  compensate for the nonviable 
seed, loss of seed, and mortality of young plants. 

Availability of Planting Stock 

Planting stock of woody species can be obtained from State-operated and 
private nurseries. The State-operated nurseries usually provide only those 
species most commonly planted i n  State  reforestation programs. Some States 
provide plants only for  in-s tate  use. Others will sel l  surplus stock to  cus- 
tomers outside the i r  own State.  Generally, the State nurseries provide stock 
that i s  of the quality and s ize suitable for  planting mined lands. 

Many private nurseries also advertise seedlings in quantit ies and s ize  
normally used in planting mined lands. Private nurseries usually are  the only 
source of species that  are  not commonly used in mined-land reclamation. Those 
interested in planting woody species should order seedlings a t  leas t  a year in 
advance of planting time. For some species, i t  may be necessary to  notify 
nurseries even sooner because the selected species may not normally be raised 
in the quantit ies needed for reclamation planting. 

To ensure the hardiness of woody plants, purchase seedlings that  have 
been propagated from plants growing in climatic conditions similar to  the area 
to  be planted. Research has shown that  variations i n  the characteristics of 
parent t rees  due to  climatic conditions may be carried on through the i r  seed. 

SO I L AMENDMENTS 

Successful establishment of vegetation usually requires the application 
of one or more so i l  amendments. Fer t i l izer ,  for  example, i s  required on most 
minesoils for  the establishment of herbaceous species, and lime i s  required on 
acid minesoils. By contrast ,  the response of newly planted t r ee  seedlings t o  
these amendments i s  less  predictable. Recommendations for  use of soi l  amend- 
ments d i f fe r  among and within regions due to  differences in geology, so i l s ,  
and land uses. Ideally, these recommendations should be based upon research, 
experience, and so i l - tes t  methods that  a re  meaningful for  the minesoils i n  
each area. 



Fertilizer 

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

For forestry and wildlife habitat land uses, fertilizer is applied pri- 
marily for the initial establishment of vegetative cover for erosion control. 
Generally, this requires a lower fertilizer rate than for agricultural uses, 
and maintenance applications usually will not be required. Ideally, without 
maintenance.applications, the initial cover will gradually diminish in dens- 
ity or change in composition and thereby improve the chances for planted and 
natural -seeded woody species to develop. 

Soil testing for fertilizer needs is less important for forestry or wild- 
life habitat land uses, or where herbaceous cover is established primarily for 
erosion control or esthetic purposes, than it is for agricultural uses. With- 
out a soil test or with no previous knowledge of fertility requirement, a 
minimum rate of fertilizer recommended for establishing herbaceous seedings is 
about 60 pounds of nitrogen (N) and 100 pounds of phosphate (P2O5) per acre. 
On spoils that have not been "topsoiled," application of potassium fertilizer 
usually is not needed; but where it is used, a rate of about 30 pounds per 
acre of potash (K20) is suggested. Native soils in some regions are low in 
potassium; thus, a higher rate of potash may be justified on mined areas that 
have been topsoiled. 

The benefits of fertilizing woody species are not as predictable or eco- 
nomical ly attractive as ferti 1 izing herbaceous species. Woody species fer- 
tilized with nitrogen or phosphorus, or both, usually show a positive response 
in height growth, vigor, and color. But, in some plantings, the mortality of 
newly planted tree seedlings has been increased by the use of fertilizer--both 
from broadcast application and from placing fertilizer pellets in the planting 
hole. In other plantings, tree survival was not affected by fertilizer. For 
example, in an experimental planting in eastern Kentucky, phosphate and nitro- 
gen fertilizers placed in 6-inch deep slits 8 to 10 inches from the tree seed- 
lings increased the growth of sycamore, sweet gum, black locust, and black 
alder, but did not affect their survival during the first 3 years after plant- 
ing. In other plantings, the early growth of black locust and European alder 
was increased by placing dicalcium phosphate directly in the planting hole, 
but tree survival was not affected. Seemingly, survival is related to tree 
species, soil moisture, time of planting and fertilizer application, placement 
of fertilizer, fertilizer formula, and rate of nutrient release. Slow-release 
fertilizers may have advantages for use in reforesting surface-mined lands. 

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



Maintenance Ferti 1 ization-- 

Requirements for  maintenance f e r t i  1 i za t i  on of establ ished vegetation are  
determined primarily by land use objectives. For agricultural uses, f e r t i l -  
ization programs for  continued crop productivity may be required similar to  
those in the management of any agricultural land. Because the f e r t i l i t y  of 
minesoi 1 s can vary i n  d ifferent  areas, the requirements for  maintenance fe r -  
t i l i za t ion  i n  agricultural uses must be determined mainly from experience and 
periodic so i l  testing. 

For reforestation and wildlife habitat ,  l i t t l e ,  i f  any, re fer t i l iza t ion  
should be needed once the required vegetative cover and number of woody spe- 
cies are established. Thereafter, natural processes are mainly responsible 
for  the continued maintenance and development of plant communities. For ex- 
ample, herbaceous and woody legumes help provide nitrogen via the associated 
nitrogen-fixing bacteria. Populations of other microorganisms that  aid plant 
nutri t ion, especially mycorrhizal fungi that help plants obtain phosphorus 
from the s o i l ,  also will increase as vegetation becomes established. Appli- 
cation of f e r t i l i z e r ,  especially a t  high rates ,  can impede the development and 
function of these beneficial organisms. Thus, re fer t i l iza t ion  i s  not advised 
where i t  may interfere. w i t h  natural processes that  benefit the development of 
plant communities. 

Ferti 1 izer  Terminology-- 

Fer t i l izer  recommendations often are  confusing to  those unfamiliar w i t h  
fer t i1izer . ter-m~.  Most commercial f e r t i l i z e r  materials include three major 
nutrients: nitrogen, phosphorus, and potassium. Fer t i l izer  recommendations 
usually are  made on the elemental basis for  nitrogen (N)  and on the oxide 
basis for phosphorus and potassium, i .e. ,  phosphate ( P 2 O 5 )  and potash (K20). 
The "analysist1 of a f e r t i l i z e r  material i s  the l i s t ing  of the percent of each 
nutrient,  always i n  the order: N - P2O5 - K20. For example, f e r t i l i z e r  la- 
beled as 8-24-16 contains 8 percent by weight of N ,  24 percent of P2O5,  and 16 
percent of K20. Fer t i l izer  labeled as 10-10-10 contains 10 percent by weight 
of each nutrient. This applies to  both dry and liquid f e r t i l i z e r s .  Thus, 
i f  a gallon of liquid f e r t i l i z e r  i s  labeled as 10-20-10 and weighs 10 pounds, 
i t  contains only 1 pound of N ,  2 pounds of P205, and 1 pound of K,O. 

Fer t i l izers  that  contain only one of the nutrients are called "straight" 
f e r t i l i z e r s .  For example, 34-0-0 i s  ammonium ni t ra te  and contains only ni- 
trogen. Fer t i l izer  labeled 0-46-0 i s  concentrated super-phosphate and con- 
tains only P205; muriate of potash, labeled 0-0-60, contains only K20. "Mixed' 
f e r t i l i z e r s  contain two or  a1 1 three of the nutrients;  for example, 18-46-0, 
0-20-20, or 8-16-8. 

Fert i l izers  can be obtained in various formulae, b u t  there are  advantages 
to using or mixing "high-analysis" f e r t i  1 izers--those that  contain the great- 
e s t  amount of the nutrient or nutrients. For example, a mix of 220 pounds of 
0-46-0 f e r t i l i z e r  p l u s  180 pounds of 34-0-0 f e r t i l i z e r  will provide 60 pounds 
of N and 100 pounds of P20,, the suggested per-acre ra te  fo r  establishing 
ground cover. W i t h  t h i s  m~xture,  400 pounds per acre of bulk f e r t i l i z e r  are  
needed. B u t  i f  a f e r t i l i z e r  such as 10-10-10 were used, 1,000 pounds of bulk 



f e r t i l i z e r  would be required t o  meet the 100 pounds per acre P205 requirement. 
This amount of f e r t i l i z e r  would also supply 100 pounds of N and 100 pounds of 
K20. The amount of N would be somewhat i n  excess of that  required or needed; 
the K20 may not be needed a t  a l l  or be i n  excess of need. The advantages, 
then, of combining and using high-analysis f e r t i l i z e r s  such as 0-46-0 and 
34-0-0 instead of low-analysis f e r t i l i z e r s  such as 10-10-10 are: 

( 1 )  Less bulk material i s  involved; thus, transportation, handling, and 
storage costs are  reduced. For application by a i r c r a f t  i t  i s  especially im- 
portant t o  apply the most nutrients in the leas t  amount of bulk material. 
(In the previous example, 1,000 pounds of 10-10-10 had to  be used compared t o  
400 pounds of the high-analysis mix.) 

( 2 )  Cost i s  less  because the cost of f e r t i l i z e r  i s  based on the cost per 
pound of nutrients. Applying unneeded nutrients increases cost of applying 
f e r t i  1 i zer. 

(3)  High-analysis f e r t i  1 izers  usual ly have a lower sal t concentration 
per unit  of available nutrients; t h i s  reduces the chances of sa1 t damage to 
seed, especially when mixed together i n  a hydroseeder. 

Appl ication-- 

Fer t i l izer  usually should be applied a t  about the same time that  seeding 
i s  done, preferably when the seedbed i s  being prepared. However, when seeding 
i s  done i n  the dormant season, f e r t i l i z e r ,  except for phosphorus, should not 
be applied until about the time that the seeds begin to  germinate i n  the 
spring. Incorporating f e r t i  1 i zer, particularly phosphorus, into the minesoi 1 
i s  generally recommended, especially on fine-textured so i l s  and spoils.  B u t  
additional t i l l a g e  for  mixing f e r t i l i z e r  into mine so i l s  may not be necessary 
where the f e r t i l i z e r  i s  applied on a roughened, freshly t i l l e d  seedbed. 

Fer t i l izer  can be applied dry with cyclone or  broadcast-type spreaders, 
pull -type flow spreaders, regular 1 ime-spreadi ng trucks or those with the 
Estes AerospreadTM attachment, and w i t h  a i r c ra f t .  I t  can also be spread by 
hand on small areas. 

Fer t i l izer  can be spread also in a hydroseeder, e i ther  by i t s e l f  or mixed 
with the seed. Where mixed with seed, the slurry should be spread as soon as 
possible to  prevent damage to seed by the s a l t  solution formed from the mix- 
ture of water and f e r t i l i z e r .  This s a l t  solution also can k i l l  the bacteria 
in the legume i noculant as discussed previously. 

Lime 

Lime i s  used on mined areas t o  decrease or  neutralize soi l  acidity.  The 
requirement for  1 ime depends on the degree of soi 1 acidi ty ,  land use objective, 
and acid tolerance of plant species used. Obviously, minesoils and refuse ma- 
t e r i a l s  tha t  are extremely acid or contain high levels of sulfides will re- 
quire the greatest  quantit ies of lime. In f ac t ,  application of lime on these 
materials usual ly i s  essential for vegetation establishment. On so i l s  that  



are less  acid, 1 ime may not be needed to establ ish vegetation, b u t  i t s  use 
usually improves and hastens vegetation growth and development. 

Standards for 1 ime requirements usual ly are  expressed i n  terms of 1 iming 
the soi 1 to  a prescribed pH level. For agricultural uses, a pH of about 6.5 
i s  generally recommended. For forestry and wildl i fe  habitat  land uses, a pH 
of a t  leas t  5.5 usually i s  prescribed. The reason for  th is  i s  tha t  plant spe- 
cies used for  reforestation and wildlife habitat  development generally are 
better adapted t o  acid soi l  than are  species used primarily for agricultural 
purposes. 

Liming Materials-- 

The a b i l i t y  of a liming material to  neutralize acid i s  evaluated by com- 
paring i t  with the neutralizing ab i l i t y  of pure calcium carbonate. This 
neutralizing ab i l i t y  or value i s  expressed i n  percent. For example, the neu- 
t ra l iz ing value of hydrated 1 ime i s  135 percent, b u t  some agricultural lime 
may be as low as 80 percent. This and other chemical information should be 
available for  liming materials sold commercially for agricultural uses. 

Agricultural lime (ground limestone) i s  the material most used for  amend- 
ing acid so i l s .  Limestone from different  quarries and different parts of the 
country may vary i n  i t s  neutralizing value or "calcium carbonate equivalent." 
Thus, adjustments to  increase liming rates  should be made where lime with a 
low neutralizing value i s  used. For example, i f  a liming recommendation ca l l s  
for  2,000 pounds per acre of calcium carbonate equivalent (CCE) and 1 ime has a 
neutralizing value of 85 percent, then: (2,000 t 85) x 100 = 2,350 pounds, 
the actual amount of agricultural lime required. 

I t  is also important tha t  agricultural lime be ground to  meet particle- 
s ize  or fineness standards recommended by the U.S. Department of Agriculture. 
Most dealers 1 icensed t o  se l l  agricultural 1 ime meet these or similar stan- 
dards required by State  regulation. Finely ground limestone dissolves fas te r  
than coarsely ground and thereby reacts fas te r  with the acid in the so i l .  
Adjustments should be made t o  increase liming rates where lime w i t h  a coarse 
grind i s  used. In fac t ,  using additional lime, even as much as double the 
recommended ra te ,  can benefit establishment and maintenance of vegetation on 
spoils high i n  sulfides,  because a greater quantity of the finely ground lime- 
stone i s  available to  quickly react with the active acidity.  The slower dis- 
solving coarse par t ic les  may provide a reserve fo r  neutralizing acid produced 
in the future from oxidizing sulfides;  b u t  in some situations,the coarse par- 
t i c l e s  of limestone become coated with iron oxides and are  rendered ineffec- 
t ive  for neutralizing acid. 

Limestones from different  geologic formations also vary i n  the content 
of magnesium carbonate. Those containing l i t t l e  or no magnesium are called 
ca lc i t i c ,  those with relat ively high amounts are  called dolomitic. The neu- 
t ra l  izing value of dolomi t i c  1 imestone usually i s  higher than ca lc i t i c  1 ime- 
stone. Either type of limestone can be used on most minesoils, though dolo- 
mitic materials a re  most beneficial for  so i l s  low or deficient in magnesium. 
By contrast ,  toxici ty  t o  plants i s  known t o  occur on some acid minesoils 
treated w i t h  high rates  of dolomite. 



Hydrated lime, too,  i s  useful fo r  amending acid s o i l s ,  but t h i s  material 
i s  more expensive than agr icul tura l  lime and more d i f f i c u l t  t o  apply with 
conventional equipment. However, the  use of hydrated lime may be desirable 
where i t  i s  necessary t o  t r e a t  small, hard-to-reach areas.  The neutral izing 
value of hydrated 1 ime i s  135 percent; only 1,480 pounds of i t  a r e  required 
t o  equal the  neutral izing a b i l i t y  of 2,000 pounds of pure calcium carbonate. 
All of the  hydrated lime i s  immediately e f fec t ive  fo r  neutral izing acid;  
therefore,  i t  does not have the  l as t ing  e f f ec t  as does agr icul tura l  lime tha t  
contains both f i n e  and coarse par t i c les .  

Some industr ia l  waste products such as calcium s i  1 i c a t e  slag and a1 kal i ne 
f l y  and bottom ashes a l so  have been used as  liming materials ,  but they u s u -  
a l l y  a r e  l e s s  effect ive  than agr icul tura l  and hydrated limes and sometimes 
cause other.  problems. For example, f l y  ash from some sources contains levels  
of boron t ha t  a r e  toxic  t o  vegetation grown on s i t e s  t reated with large  
amounts of the f l y  ash. 

Rock phosphate provides a long-term, slowly avai lable  source of phos- 
phorus fo r  plant  growth and a l so  helps t o  neutra l ize  ac id i ty .  However, i t  
has l e s s  neutral izing a b i l i t y  than agr icul tura l  lime a t  s imilar  ra tes .  The 
f e a s i b i l i t y  of using rock phosphate must be based primarily on the  cost  of 
obtaining and applying i t  a s  compared t o  the  cost  of using lime and high- 
analysis  phosphorus f e r t i l i z e r .  

Determining Liming Rates-- 

Ideally,  so i l  t e s t s  should be used t o  determine liming r a t e s  on a l l  acid 
minesoils and refuse materials .  However, where the appropriate so i l  t e s t s  
cannot be obtained, general guides such a s  the  following based on soil-water 
pH values usually produce acceptable resu l t s  f o r  liming minesoils tha t  a r e  not 
extremely acid (above pH 4.0). 

pH (Soil-water suspension) 

6.1 and higher 
6.0 t o  5.5 
5.4 t o  4.6 
4.5 t o  4.0 

Rate ( tons/acre CCE)* 

None 
1 t o  2 
3 to  4 
5 t o  6 

*Calcium carbonate equivalent 

For determining 1 ime requirements on minesoil s and refuse materials  t ha t  
a r e  extremely acid (below pH 4.0) and those known o r  suspected t o  be high i n  
su l f ides ,  soi 1 t es t ing  i s  especial ly important because 1 ime requirements can 
vary grea t ly  in  these materials ,  even among those with the same pH. On mater- 
i a l s  where standard soi1.tests--such as  the  SMP Buffer pH--indicate liming 
ra tes  of 20 t o  25 tons per acre  o r  more, a t o t a l  su l f ide  analysis  (potent ia l  
ac id i ty  t e s t )  a l so  i s  recommended and 1 ime application should be increased 
accordingly. I f  the  to ta l  su l f i de  analysis  cannot be obtained, lime should 



be app l ied  a t  about 1.5 t imes t h e  r a t e  i nd i ca ted  i n  the  standard s o i l  t e s t .  
An a l t e r n a t e  s t ra tegy  i s  t o  apply and incorpora te  a t  l e a s t  25 tons o f  l ime  
per acre and r e t e s t  w i t h  the standard s o i l  t e s t  4 t o  6 months l a t e r .  Addi- 
t i o n a l  l i m e  as i nd i ca ted  by t h e  t e s t  should be app l ied  and incorporated. A  
temporary cover crop fo r  reducing eros ion  should be sown dur ing  the  per iods 
between tes ts .  

Liming ra tes  i nd i ca ted  by s o i l  t e s t s  normally a re  the  amounts necessary 
t o  amend s o i l s  t o  a  depth of about 6 inches ( a l s o  re fe r red  t o  as the  plow 
laye r ) .  Accordingly, l ime  should be incorporated about 6 inches deep. But  
i n  extremely a c i d  mater ia l ,  t h i s  means t h a t  t he  growth o f  p l a n t  roo ts  i s  
l i m i t e d  t o  t h e  depth t o  which l ime  has been incorporated. Thus, t o  increase 
the  p o t e n t i a l  r o o t i n g  depth o f  vegetat ion on extremely a c i d  mater ia ls ,  l i m e  
should be incorporated 10 t o  12 inches deep, o r  deeper i f  possib le.  However, 
where the re  i s  deeper incorpora t ion  of 1  ime, t h e  q u a n t i t y  o f  l ime app l ied  must 
be increased accordingly; f o r  example, where incorporated 12 inches deep, t h e  
r a t e  o f  l ime  ind i ca ted  by so i  1  t e s t s  should be doubled. 

The need f o r  maintenance a p p l i c a t i o n  o f  l ime, as w i t h  i n i t i a l  app l ica-  
t i on ,  should be determined by land use requirements. Top dressing w i t h  l ime 
t o  mainta in a  pH o f  about 6.5 i s  recommended f o r  a g r i c u l t u r a l  product ion. 
Maintenance app l i ca t i ons  f o r  f o r e s t r y  and w i ld1  i f e  h a b i t a t  may no t  be re -  
qu i red  unless pe r iod i c  s o i l  t e s t s  i n d i c a t e  a  cont inua l  dec l ine  i n  pH below 
5.5, o r  a  v i sua l  inspect ion  i nd i ca tes  t h a t  l ime i s  needed t o  main ta in  e x i s t i n g  
vegetation. 

Appl i ca t i on - -  

A g r i c u l t u r a l  l ime can be spread w i t h  conventional l ime-spreading t rucks  
on areas t h a t  a r e  accessib le t o  vehic les.  App l i ca t i on  on steep slopes as w e l l  
as on accessib le areas can be made w i t h  the Estes Aerospreader--a blower- 
impactor device t h a t  i s  mounted on a  l ime-spreading t ruck .  Hydrated 1  ime can 
be app l ied  on r e l a t i v e l y  smooth and l e v e l  land w i t h  a  pu l l - type,  g rav i t y - f l ow  
spreader, and on steep slopes w i t h  a  hydroseeder. 

Before seeding o r  p l a n t i n g  vegetat ion, l ime  should be incorporated i n t o  
t h e  s o i l ,  p re fe rab ly  t o  a  depth o f  about 6 inches. A  heavy duty  d i s c  o r  
ch i se l  plow i s  usefu l  f o r  i nco rpo ra t i ng  l ime  on most minesoi ls ;  b u t  on steep 
slopes, i nco rpo ra t i ng  l ime  by  any means i s  a  major d i f f i c u l t y .  Some form o f  
t i l l a g e  up and down slope may be poss ib le  w i t h  a  dozer, b u t  t he  furrows would 
c o l l e c t  r u n o f f  water and q u i c k l y  i n i t i a t e  g u l l y  erosion. Lime app l i ed  on t h e  
sur face and not  incorporated w i l l  be of l i t t l e  benef i t  i n  es tab l i sh ing  vege- 
t a t i o n ,  b u t  i t  i s  o f  some value f o r  topdressing areas t h a t  a re  a1 ready vege- 
tated.  

Lime can be app l ied  a t  any t ime t h a t  the spreading equipment has access 
t o  a  s i t e .  I d e a l l y ,  a g r i c u l t u r a l  l ime should be app l ied  and incorporated sev- 
e ra l  weeks o r  even several months before  seeding. Th is  probably can be ac- 
complished on most o lder  mined s i t e s  and refuse p i l e s .  However, newly mined 
areas should be seeded as soon as poss ib le  a f t e r  t h e  grading i s  completed. 
Thus, l i m e  usua l l y  w i l l  have t o  be app l ied  immediately a f t e r  grading and g iven 
l i t t l e  o r  no reac t i on  t ime i n  t h e  s o i l  before seeding. One way t o  compensate 



f o r  t he  reduced r e a c t i o n  t ime i s  t o  apply from 10 t o  50 percent  a d d i t i o n a l  
l ime.  Extremely a c i d  ma te r i a l s  t h a t  i n i t i a l l y  requ i re  l a r g e  amounts o f  l i m e  
a1 so w i  1 1 requ i  r e  the greater  percentage o f  addi ti onal 1 ime . Large quant i  ti es 
o f  a g r i c u l t u r a l  1 ime p rope r l y  incorporated u s u a l l y  w i l l  n o t  i n h i b i t  es tab l i sh -  
ment o f  seeded vegetat ion.  For example, i n  eastern Kentucky, a g r i c u l t u r a l  
l ime  has been app l i ed  on extremely a c i d i c  s p o i l s  h igh  i n  s u l f i d e s  a t  8 t imes 
the  r a t e  i n d i c a t e d  by s o i l  t e s t  w i thou t  adverse e f f e c t  on the  seeded vegeta- 
t i o n .  

Organic Ma te r i a l s  

Organic amendments can b e n e f i t  p l a n t  establishment, e s p e c i a l l y  on mine- 
s o i l s  whose physical ,  chemical, and b i o l o g i c a l  p rope r t i es  a re  unfavorable f o r  
the  growth o f  vegetat ion. Add i t i on  o f  organic ma te r i a l s  can decrease bu l k  
dens i t y  o f  t he  mineso i l  and increase water i n f i l t r a t i o n  and re ten t i on .  Chem- 
i c a l  ly, organic amendments can reduce a c i d i t y ,  increase c a t i o n  exchange ca- 
pac i ty ,  and add p l a n t  n u t r i e n t s .  I r r i g a t i n g  extremely a c i d  s p o i l s  w i t h  sewage 
e f f l u e n t ,  f o r  example, leaches t o x i c  chemicals ou t  of the r o o t i n g  zone, d i -  
l u t e s  concent ra t ion  o f  sa l t s ,  provides n u t r i e n t s  t o  p lan ts ,  and lowers surface 
temperatures. Some organic ma te r i a l s  a l s o  prov ide  an energy source f o r  bene- 
f i c i a l  s o i l  microorganisms and s o i l  fauna. 

Organic amendments t h a t  have been tes ted  and used on mined areas are  
most ly  a g r i c u l t u r a l ,  i n d u s t r i a l ,  munic ipal ,  r e s i d e n t i a l ,  and fo res t r y - re la ted  
wastes o r  residues. They i nc lude  products such as barnyard and p o u l t r y  ma- 
nures, sewage sludge and e f f l u e n t ,  composted garbage ( s o l  i d  munic ipal  wastes), 
leaves, and combinations o f  garbage o r  1 eaves w i  t h  sewage sludge. Crop r e s i  - 
dues such as straw and residues such as bark and wood chips from sawmil ls and 
wood conversion p l a n t s  have been used both as s o i l  amendments and as mulches. 

Factors i n f l u e n c i n g  ra tes  o f  appl i c a t i o n  o f  t he  d i f f e r e n t  organic mate- 
r i a l s  i nc lude  t h e  purpose f o r  which they a re  appl ied,  phys ica l  and chemical 
p rope r t i es  o f  the  mineso i l ,  depth o f  incorpora t ion ,  and cos t  o f  ob ta in ing  and 
app ly ing  the  ma te r ia l s .  Suggested r a t e s  of a p p l i c a t i o n  f o r  some o f  t h e  mate- 
r i a l s  are: barnyard manure and composted garbage, 15 t o  30 tons per  acre; 
leaves, 2 t o  4 tons per  acre ( a i r  dry)  ; sewage sludge and ef f luent ,  volumes 
equ iva len t  t o  20 t o  50 tons per  acre  o f  d ry  mat ter .  

Several f a c t o r s  a f f e c t  t h e  economics o f  us ing waste and res idue products, 
especial  l y  t h e  cos ts  o f  processing, t ranspor ta t ion ,  and appl i c a t i o n .  For ma- 
t e r i a l  s such as sewage e f f l u e n t ,  spec ia l  d i s t r i b u t i o n  and appl i c a t i o n  equip- 
ment e n t a i l s  h igh  i n i t i a l  investment and c o s t l y  maintenance. The economics 
o f  us ing wastes i n  rec la iming mined l and  should be evaluated i n  terms o f  cos ts  
and b e n e f i t s  both t o  the  producers o f  t he  wastes and t o  those us ing i t  f o r  
revegeta t ion  purposes. 

The i nco rpo ra t i on  o f  some organic mater ia ls ,  such as animal manure and 
composted sewage sludge, adds p l a n t  n u t r i e n t s  t o  the  s o i l .  However, t he  i n -  
corpora t ion  of ma te r i a l s  t h a t  a re  n o t  composted and a r e  h igh  i n  ce l l u lose ,  
such as whole-tree chips, w i l l  cause a de f i c i ency  o f  n i t rogen  t o  p l a n t s  dur ing  
the  decaying process, so a d d i t i o n a l  n i t rogen  f e r t i l i z e r  must be app l i ed  f o r  
the  bene f i t  of the  vegetat ion. Where establ ishment o f  herbaceous vegeta t ion  



i s  concerned, a rule of thumb i s  to  add an extra 15 to  25 pounds of nitrogen 
for  each ton of high cellulosic or noncomposted organic material that  i s  i n -  
corporated into the s o i l .  This extra nitrogen usually is  not required where 
organic materials are  applied on the surface as mulch. 

Microbiologic Materials 

Microorganisms are  essential to the establ ishment of permanent vegetation 
on mined lands. Although not an amendment in the same sense as f e r t i l i z e r  or 
lime, some types of microorganisms can be a r t i f i c i a l l y  added to  plant materi- 
a l s  or to  the soil  to  aid plant establishment and growth. For example, inoc- 
ulating legume seeds with Rhizobiwn bacteria ensures tha t  the legume plants 
will become effective nitrogen-fixers. Similarly, under natural conditions, 
most plant species depend greatly on a symbiotic association w i t h  mycorrhizal 
fungi. For example, the survival and growth of pine on mined areas have been 
enhanced by inoculating the seedlings with PithoZithus t inctor ius ,  an ecto- 
mycorrhizal fungus that  i s  tolerant  of high temperatures and acid conditions. 
Spores of th i s  fungus, produced above ground in mushroom-1 i ke structures,  a re  
disseminated by wind and readily form an association w i t h  pine seedlings under 
natural conditions. Pine seedlings also can be a r t i f i c i a l l y  and more quickly 
inoculated by applying fungal spores direct ly  t o  seedling roots jus t  before 
planting, or by growing the seedlings in a r t i f i c i a l l y  inoculated nursery beds. 
Incorporating spores on the seed coat of conifer seed by pelletizing i s  an- 
other promising method of inoculation. 

The endomycorrhizal fungi, another type of fungal associate,  produce 
spores underground that  are  not as easily disseminated as the spores of ecto- 
mycorrhizal fungi. To inoculate plant seed1 ings with the appropriate endo- 
mycorrhizal fungal associate, the seedlings must be grown in nursery beds i n  
which the fungal spores are naturally present. Because mycorrhizal fungi are  
naturally present in s o i l ,  spreading or mixing topsoil on the mine surface is 
one way to  introduce these organisms into the minesoil. Where used as a mulch 
or soil  amendment, bark that  has had contact w i t h  soi l  is another probable 
source for  the introduction of fungal spores into the minesoil. Spores of the 
endornycorrhizal fungi also can be spread through feces of soil-inhabiting ro- 
dents such as f i e ld  mice and voles. T h u s ,  a vegetative cover that  provides 
habitat for  these rodents contributes indirectly t o  the spread of endomycor- 
rhizal fungal spores that  subsequently aid plant growth and natural plant 
succession. 

MULCHES 

Mulches aid revegetation by reducing surface or sheet erosion, conserving 
soi l  moisture and protecting seeds and seedlings during the i n i t i a l  establish- 
ment of vegetative cover, and modifying extremes in the s o i l ' s  surface tem- 
perature. Mulches aid vegetation establishment especially under conditions of 
environmental s t ress  and on minesoils that  have physical and chemical charac- 
t e r i s t i c s  that  hinder establishment and growth of plants. 

The mulching materials most used in mined-land revegetation are organic 
products and residues from agriculture and wood-processing industries. The 



choice of mulch fo r  a spec i f i c  reclamation job will  depend on the ava i l ab i l i t y  
and cost  of material ,  t ransportat ion costs ,  ease and cost  of application,  and 
personal bias. Some residue materials ,  such as  bark, often can be obtained a t  
l i t t l e  or  no cost ,  b u t  handling, t ranspor ta t ion,  or  application may require 
cos t ly  or  special ized equipment. Sometimes an a l t e rna t ive  mulching material 
i s  avai lable  b u t  not accepted by the  user because of lack of knowledge and un- 
ce r ta in ty  of i t s  value. Wood chips, f o r  example, a r e  believed erroneously by 
some t o  be acid producing and toxic t o  vegetation. 

Agricultural Residues 

Raw residues from agr icul ture  a re  some of the  be t te r  and most used 
mulches, especia l ly  straw of cereal grains such as  wheat and oats ,  and hay 
t ha t  consis ts  mainly of grass. Straw i s  sometimes preferred because i t  does 
not decay as  rapidly a s  hay. Hay mulch may be preferred where revegetation i s  
f o r  land uses such a s  wi ld l i fe  hab i ta t ,  because i t  may contain seed of i t s  
grass,  legume, and weed components. However, where seeding i s  f o r  agr icul tur-  
a l  uses, plants produced from these seeds may not be desired.  Similarly,  seed 
tha t  has not been threshed from grain straw can produce vegetation t ha t  i n -  
h ib i t s  establishment of the seeded plant species. 

Rates of application fo r  straw and hay mulches should be 1-112 t o  2 tons 
per acre.  Resistance t o  wind and water movement i s  increased by tacking down 
the  mulch w i t h  asphalt  emulsion o r  other chemical tacks, or by pressing i t  in- 
t o  the  so i l  w i t h  a disc-1 i ke implement cal led a KrimperTM. 

Other agr icul tura l  residues tha t  may be used f o r  mulch include peanut 
hul ls ,  crushed corn cobs, shredded corn s t a lk s  o r  fodder, and bagassee, a 
residue from sugar cane mil ls .  These and s imilar  crop residues a r e  used most- 
l y  in  local areas and seldom a re  important on a regional basis .  

Wood Residues 

Residues such as  bark, wood chips, and sawdust from sawmills and other 
wood-processing plants have been used a s  mulches. Raw o r  processed hardwood 
bark i s  an excellent  material f o r  erosion control and f o r  aiding vegetation 
establishment. Sawdust is the l e a s t  des i rable  material .  The weight of hard- 
wood bark and i t s  interlocking f i be r s  enable i t  t o  s tay i n  place without 
tacking material ,  even on s teep slopes. Pine bark, wood chips, and sawdust 
a r e  l e s s  des i rable  than hardwood bark par t ly  because they a r e  l i gh t e r  in  
weight and will  more eas i ly  f l o a t  in . runoff  water. In addit ion,  wood chips 
and sawdust have a higher ce l lu lose  content than bark; thus nitrogen require- 
ment for  the  microorganisms tha t  decompose them is potent ia l ly  higher than fo r  
bark. However, t he  concern t ha t  these wood residues contain toxic components 
harmful t o  vegetation has been overemphasized. Adverse e f fec t s  on plants have 
been documented fo r  only a few of the  minor hardwood species. 

Recommended ra tes  of application fo r  bark and wood chips depend par t ly  on 
the revegetation job. For most seedings, 45 t o  60 cubic yards per acre (318 
t o  112-inch deep) a r e  adequate fo r  reducing erosion and conserving so i l  mois- 
ture .  Where s o i l s  a r e  drouthy or  the  e f fec t ive  rooting zone i s  shallow, such 
as  i n  extremely acid  spo i l s  amended l e s s  than 6 inches deep with lime, r a t e s  



of 60 t o  100 yd3/acre (1/2- to  314-inch deep) are  recommended for greater con- 
servation of soi l  moisture. Moisture conservation i s  even greater a t  rates 
over 100 yd3/acre, b u t  the emergence of some plant species w i t h  small seeds i s  
restr ic ted.  However, where woody species alone are  preferred over a herb- 
aceous cover, bark or wood chips a t  rates of 400 to  500 yd3/acre ( 3  t o  4 
inches deep) will prevent seedling emergence of most herbaceous species. 

Processing whole-tree chips on the mine s i t e  from trees  tha t  will be re- 
moved ahead of mining i s  a potential source of wood chip mulch. The primary 
factors limiting such a venture are  the expense of purchasing specialized 
equipment for  hauling and chipping logs and the additional labor required. 
The establishment of a business venture to  provide th i s  service on several 
mines may be a way to  circumvent the h i g h  cost t o  an individual mine. 

Wood Fiber and Cellulose 

Processed wood f ibers  prepared from selected woods, and reprocessed waste 
paper, often referred t o  as wood cellulose, a re  popular mulching materials 
that  are  applied with a hydroseeder. The f ibers  i n  these materials are  short;  
thus, t he i r  durabili ty as a mulch also i s  short lived. Most of the f iber  and 
cellulose mulches are  colored with dye so that  they are  plainly vis ible  when 
applied on the ground; th i s  aids the operator i n  obtaining uniform coverage. 
These materials a re  sold in bales that  a re  easily handled and conveniently 
stored. 

Rates of application that  have been used for the wood f iber  "hydromulches" 
often a re  insufficient t o  provide effective erosion control or conserve mois- 
ture.  A t  l eas t  1,500 pounds per acre, and preferably higher rates ,  are  needed. 
However, the higher rates greatly increase the cost of application, because 
the hydroseeder i s  limited i n  the amount of mulch that  i t  can handle i n  each 
load. For example, a hydroseeder w i t h  a 3,000-gallon tank can hold 1,500 
pounds of f iber  mulch--enough for  1 acre. On the average, up to 6 loads, or 
treatment for 6 acres, can be applied i n  an 8-hour day. In comparison, u p  t o  
40 acres can be mulched with straw in an 8-hour day using a power mulcher. 

Often, these mulches are  applied i n  a slurry mixture with seed and f e r t i -  
l i zer .  Such a mixture allows some of the seed to  be perched above the soi l  
surface i n  a web of mulch, thus exposing the germinating seed and tender seed- 
lings to  drying and extremes of temperature. The probability of th i s  causing 
seedling mortality i s  greatest  in areas of low ra in fa l l ,  b u t  i t  can occur even 
i n  humid areas during prolonged dry periods. A preferred procedure in these 
circumstances i s  to  apply seed and f e r t i l i z e r  f i r s t ,  and the mulch i n  a sepa- 
ra te  application. 

Other Mulching Materials 

Mats and netting made from wood f ibers  and other assorted organic and 
synthetic materials are  effective for  controlling erosion in specialized uses. 
The cost of these materials i s  prohibitive for  general use in surface-mine re- 
vegetation. Si tes  for  t h e i r  use generally are  those considered c r i t i ca l  for 
esthetic purposes or erosion control, and should be prepared under controlled 
or engineered standards. For example, netting may be useful in an emergency 



sp i l lway  on an earthen dam t h a t  requ i res  quick, p o s i t i v e  p r o t e c t i o n  w h i l e  a 
complete vegeta t ive  cover i s  being establ ished. 

A l a y e r  o f  crushed rock o r  gravel provides an e f f e c t i v e  mulch; however, 
t he  cost  o f  ma te r ia l  and a p p l i c a t i o n  may be excessive f o r  wide-scale use. 

Appl i c a t i  on Methods 

App l i ca t i on  o f  mulches usua l l y  requ i res  spec ia l i zed equipment, espec ia l l y  
on l a r g e  areas and steep slopes. Some o f  t h e  equipment a l so  i s  s u i t a b l e  f o r  
spreading some o f  t h e  organic amendments mentioned previously.  

Straw and Hay-- 

Several types o f  mechanical mulchers a re  a v a i l a b l e  f o r  spreading straw, 
hay, and s i m i l a r  mater ia ls .  Most o f t e n  these mate r ia l s  have been baled. They 
are  fed  i n t o  t h e  mulchers, separated by beaters, and blown ou t  through a d i s -  
charge spout. Power mulchers t h a t  handle standard-size square bales a r e  made 
by several companies and a re  the  most commonplace. Some are  equipped t o  spray 
a chemical t ack  on the  mulch as i t  leaves t h e  discharge spout. Mulch can be 
blown a maximum distance o f  80 f e e t  i n  i dea l  wind cond i t ions  and i t  can be 
app l ied  both up and down slope. About 40 acres can be mulched i n  an 8-hour 
day. Four people are  requ i red  t o  operate a power mulcher e f f i c i e n t l y .  A 
f i f t h  person i s  needed where a Krimper i s  used t o  press t h e  mulch i n t o  t h e  
so i  1. 

Another type o f  mulcher t h a t  i s  commercially a v a i l a b l e  from a Colorado 
f i r m  was developed by modi fy ing a r o t a r y  tub  gr inder .  An advantage o f  t h i s  
Roto-Grind MulcherTM i s  t h a t  i t  handles l a r g e  (1,500 pounds) round bales, as 
we l l  as t h e  small standard-size bales and loose st raw and hay. I t  a l s o  spreads 
bark, wood chips, composted garbage and s i m i l a r  mater ia ls ,  and i s  no t  damaged 
by f o r e i g n  ob jec ts .  Mulch can be blown 60 t o  70 f e e t  i n  i dea l  spreading con- 
d i t i o n s .  This machine i s  more usefu l  f o r  mulching f l a t  and gen t l y  r o l l i n g  
land than steep slopes. It requ i res  two persons f o r  e f f i c i e n t  operat ion and 
probably a t h i r d  where cr imping i s  done. From 20 t o  40 acres can be mulched 
i n  an 8-hour day. 

Modi f i ca t ions  o f  o ther  standard farm machinery a l so  have been made o r  a re  
being developed. One, a manure spreader f o r  apply ing straw and hay mulch, was 
developed by t h e  Equipment Development Center o f  t he  USDA Forest Serv ice a t  
M i  ssoula, Montana. B luepr in t s  f o r  modi fy ing the  manure spreader are  ava i lab le .  
Another innovat ion  i s  a Hesston Stak ProcessorTM t h a t  was modi f ied  w i t h  a 
f l a i l  device f o r  d i s t r i b u t i n g  straw and hay mulch from l a r g e  (1,500 pounds) 
round bales. The Stak Processor normally i s  used t o  l i f t  and t ranspor t  l a r g e  
bales o f  hay and t o  shred and d i s t r i b u t e  the  hay i n  windrows f o r  feeding ca t -  
t l e .  In format ion  on t h e  f l a i l  mod i f i ca t i on  i s  a v a i l a b l e  from Western Energy 
Company, C o l s t r i p ,  Montana. Use o f  these modi f ied  spreaders i s  l i m i t e d  t o  
l e v e l  and gen t l y  s lop ing  t e r r a i n .  

Straw and hay mulch can be app l ied  by hand on small areas and slopes t h a t  
are beyond reach o f  a mulch blower. 



Bark and Wood Chips-- 

Shredded bark, wood chips, corn cobs, sawdust, composted municipal wastes 
and similar products used for  mulc9 or as organic amendments can most easily 
be applied with an Estes SpreaderTM , a blower/impactor, or thrower, mechanism 
that i s  attached to a conventional or modified hopper of a lime-spreading 
truck (Figure 13) .  The thrower mechanism i s  most advantageous for spreading 
mulches on steep slopes, e i ther  u p  or down, b u t  i t  also spreads e f f ic ien t ly  
on level areas. Mulches such as bark and wood chips can be thrown about 75 
feet  up a 2:1 slope and as much as 125 fee t  horizontally. In addition to  the 
thrower mechanism, the spinners that  a re  standard equipment on spreader trucks 
can be used to  apply mulch on level or gently sloping areas. The thrower and 
spinners can be used together or independently. To avoid damage to the throw- 
er mechanism, materials that  contain large part ic les ,  such as pieces of boards, 
and foreign objects must be screened or ground before loading into the spread- 
er .  The Estes Spreader i s  also used for  applying lime and f e r t i l i z e r .  

Figure 13. The Estes Spreader. 

The modified t u b  grinder mulcher described previously spreads bark, wood 
chips, and most any other organic material, Bark, wood chips, baled leaves, 
and materials of similar form can be spread on level t o  gently sloping areas 
with a standard farm manure spreader (Figure 14).  Spreading these materials 
by hand i s  d i f f i cu l t  and tedious even on small areas. 



Figure 14. Leaves, bark, and wood chips--mulching materials that  
can be spread with a standard manure spreader. 

Wood Fiber and Cellulose-- 

The wood f iber  and wood cellulose mulches are  applied with a hydraulic 
seeder, more commonly called a hydroseeder or hydromulcher. Two people us- 
ually are  required to  operate a hydroseeder. The main advantage of the hy- 
draulic method of mulching i s  that  mulch can be easily applied to  areas,  such 
as the f a r  end of steep slopes, that cannot be reached by other methods, The 
spreading distance by the larger hydroseeders i s  as much as 200 fee t .  For 
treating areas beyond that  distance a hose attachment i s  available. One draw- 
back of hydromulching i s  that  only a relatively small area can be treated w i t h  
each load of material. For example, a hydroseeder loaded w i t h  a slurry con- 
taining seed, f e r t i l i z e r ,  and hydromulch will t r ea t  about one-tenth as much 
area as a load of slurry containing only seed and f e r t i l i z e r .  

Mulches Grown i n  Place 

Quick-developing annual grasses can be sown for  growing mulch in place. 
The grass species should be compatible with the season; for example, winter 
annuals such as wheat and rye are sown i n  l a t e  summer to  f a l l  and summer an- 
nuals such as sudangrass, sorghums, pearl mil le t ,  or Japanese millet  a re  used 
for l a t e  spring through early summer seedings. For growing mulch in place, 
the seeding ra te  of the annuals should be increased over that  normally sown, 
and soil  amendments should be applied as needed to  promote plant growth, 

Perennial species can be subsequently established by seeding or planting 
them direct ly  into the annual crop residue (in-place mulch). Where mulch i s  
produced by summer annuals, t h i s  planting can be done the following spring. 
B u t  spring planting of perennials into a winter annual crop may f i r s t  require 



the use of a herbicide to kill the annual-plant competition. This would be 
most essential for establishing woody species. Seeding perennial herbs could 
wait until late summer, after the winter annual vegetation is mature. 

SOIL STABILIZERS 

Soil stabilizers are organic and inorganic chemical products that are 
applied in water solutions to the soil surface to temporarily stabilize the 
soil against wind and water erosion, and to retard the evaporation of soil 
moisture. In the humid East, the effectiveness of chemical stabilizers is 
relatively short 1 ived compared to most mulches. The stabi 1 izers are expected 
mainly to control erosion only unti 1 vegetative cover is sufficiently estab- 
lished to protect the site. 

Soil stabilizers often are classed by their basic formulas, e.g., poly- 
vinyl acetates, acrylic copolymers, elastometric emulsions, and natural vege- 
table gums. There are many of these products on the market and similar pro- 
ducts may differ from each other only because of additives mixed with the 
basic formula. The additives affect curing time, crust durability, and mois- 
ture infiltration rates. The effectiveness of these products is further in- 
fl uenced by dilution rate with water, soil properties, weather conditions, and 
amendments such as fertilizer added to the solution to aid vegetation estab- 
1 i shment . 

Some of the stabilizers form a thin film on the surface that provides 
temporary protection against soil movement. But most of these products in- 
filtrate as much as 1 inch into the soil and bind the soil particles together 
to form a crust that resists erosion. High content of soil moisture limits 
the depth of infiltration, so the use of stabilizers may be more effective on 
soils with moisture content below field capacity. Also, warm dry weather is 
more conducive than cool damp weather to proper curing of the stabilizers. 
Tough crusts may form that physically restrict seedling emergence of some 
plant species, especially grasses and forbs with tiny seeds. 

Many of the stabilizer products can be used as chemical tacks to hold 
straw, hay, and other lightweight mulches in place. The stabilizers also are 
used in combination with wood fiber and wood cellulose mulches. In fact, the 
wood fiber-stabilizer combinations are used more frequently than stabilizers 
alone. Presumably, site protection obtained with low rates of the combined 
materials is comparable to that obtained with high rates of either product 
used alone. A combination recommended and used in some Eastern States is: 
50 gallons per acre of stabilizer mixed with a minimum of 500 pounds per acre 
of wood f i ber or wood cell ul ose. 

Because they can be applied with a hydroseeder, soil stabilizers have an 
advantage over most mulches for treating long steep slopes and other hard-to- 
reach places. However, for general application, mulches still are more widely 
used and provide several advantages over soil stabil izers. One reason is that 
soil stabilizers cost. more and require more precise preparation and procedural 
control than do mulches. Also, the use of soil stabilizers is a relatively 



recent development and there still is insufficient knowledge about the compar- 
ative value of different products and about the most effective application 
rate for specific soils, sites, and weather conditions. 

It is not possible here to list all of the soil stabilizer products cur- 
rently available, or to make a comparative rating of their value. For those 
interested in using soil stabilizers, advice should be sought from research 
reports on their use and from reclamation companies, highway departments, and 
conservation agencies. Sales promotional data are not always reliable sources 
of information; and many products sold as soil stabilizers have come and gone 
from the market. 

Hydroseeders most often are used for applying soi 1 stabi 1 izers, either 
alone or in combination with wood fiber or wood cellulose mulches. Conven- 
tional pump and spray equipment also can be used for applying soil stabilizers. 


	Return to: A Guide for Revegetating Coal Minesoils in the Eastern United States
	Section 5. Vegetation Establishment
	Grading and Leveling
	Seeding Practices
	Seedbed Preparation
	Methods of Seeding
	Time of Seeding
	Seed Quality
	Seeding Rates
	Inoculation of Legume Seed

	Planting Woody Species
	Quality of Planting Stock
	Methods of Planting
	Care of Planting Stock
	Spacing
	Planting Patterns
	Time of Planting
	Container-Grown Seedlings
	Direct Seeding
	Availability of Planting Stock

	Soil Amendments
	Fertilizer
	Maintenance Fertilization
	Fertilizer Terminology
	Application

	Lime
	Liming Materials
	Determining Liming Rates
	Application

	Organic Materials
	Microbiologic Materials

	Mulches
	Agricultural Residues
	Wood Residues
	Wood Fiber and Cellulose
	Other Mulching Materials
	Application Methods
	Straw and Hay
	Bark and Wood Chips
	Wood Fiber and Cellulose

	Mulches Grown in Place

	Soil Stabilizers





