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Abstract:
Mining in alpine and subalpine areas frequently results in surface soil coverings of spoil and
overburden that differ substantially from pre-mining soils. These severely disturbed sites frequently
require amendments to accelerate the development of desirable nutrient cycles and provide a hospitable
growing medium for plants. Composted municipal wastes are becoming more available as greater
emphasis is placed on waste reduction at the community level. A market for these waste-generated
compost products may be found in the reclamation of disturbed areas. This project evaluated the effects
of two types of composted municipal waste and a commercial nitrogen fertilizer on plant establishment,
cover, and production. The study site is located at a heap leach gold mine at an elevation of 2,300
meters, 25 kilometers southwest of Helena, Montana. Thirty three plots were established to measure
seedling density, vegetative cover, and plant production over two growing seasons. Plots treated with
the higher, incorporated rates of EKO sludge compost and Bozeman municipal yard waste compost
produced significantly greater plant density, cover, and biomass than the commercial nitrogen fertilizer
and unamended top soil treatment. Compost incorporated into the surface horizon produced greater
plant cover and biomass than surface applications. After two growing seasons total grass cover and
production were significantly greater than all other treatments with the higher rate of incorporated EKO
compost. Forb cover and production were significantly greater than all other treatments with the higher
rate of incorporated Bozeman compost. Results from this field study suggest that composted municipal
wastes enhance the establishment and growth of herbaceous cover on this disturbed high elevation site. 
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ABSTRACT

Mining in a l p i n e  and suba lp ine  a reas  f r e q u e n t l y  r e s u l t s  
in su r f a c e  s o i l  cover ings  of  spo i l  and overburden t h a t  d i f f e r  
s u b s t a n t i a l l y  from pre-mining s o i l s .  These s e v e r e l y  d i s t u rb e d  
s i t e s  f r e q u e n t l y  r e q u i r e  amendments to  a c c e l e r a t e  the  
development of  d e s i r a b l e  n u t r i e n t  cyc les  and provide a 
h o s p i t a b l e  growing medium f o r  p l a n t s .  Composted municipal  
wastes  a re  becoming more a v a i l a b l e  as g r e a t e r  emphasis i s  
placed on waste reduc t ion  a t  the  community l e v e l .  A market f o r  
th e se  was t e -genera ted  compost products  may be found in the  
rec lamat ion  o f  d i s t u rb e d  a r e a s .  This p r o j e c t  eva lua ted  the  
e f f e c t s  of  two types  of  composted municipal  waste and a 
commercial n i t ro ge n  f e r t i l i z e r  on p l a n t  e s ta b l i s h m e n t ,  cover ,  
and p roduc t ion .  The s tudy s i t e  i s  loca ted  a t  a heap leach gold 
mine a t  an e l e v a t i o n  of  2,300 mete r s ,  25 k i lomete r s  southwest  
o f  Helena,  Montana. T h i r t y  t h r e e  p l o t s  were e s t a b l i s h e d  to  
measure s e ed l i ng  d e n s i t y ,  v e g e t a t i v e  cover ,  and p l a n t  
p roduct ion  over  two growing seasons .  P lo t s  t r e a t e d  with the  
h igh er ,  inc orpor a te d  r a t e s  of  EKO sludge compost and Bozeman 
municipal  yard waste compost produced s i g n i f i c a n t l y  g r e a t e r  
p l a n t  d e n s i t y ,  cover ,  and biomass than the  commercial n i t rogen  
f e r t i l i z e r  and unamended top so i l  t r e a t m e n t .  Compost 
in c o rpor a t e d  i n t o  t h e . s u r f a c e  horizon produced g r e a t e r  p l a n t  
cover  and biomass than su r fa ce  a p p l i c a t i o n s .  A f t e r  two growing 
seasons t o t a l  g ras s  cover and product ion were s i g n i f i c a n t l y  
g r e a t e r  than a l l  o th e r  t r ea tm en ts  with the  h igher  r a t e  of  
in c o rpor a t e d  EKO compost.  Forb cover and product ion were 
s i g n i f i c a n t l y  g r e a t e r  than a l l  o th e r  t r e a tm e n t s  with the  
h igher  r a t e  o f  inco rpo ra t ed  Bozeman compost. Resu l t s  from t h i s  
f i e l d  s tudy suggest  t h a t  composted municipal  wastes enhance 
the  es ta b l i sh m e n t  and growth of  herbaceous cover  on t h i s  
d i s t u r b e d  high e l e v a t i o n  s i t e .
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INTRODUCTION

Hard-rock mining in a l p i n e  and suba lp ine  a rea s  f r e q u e n t l y  

leaves  spo i l  m a t e r i a l s  and overburden on the  so i l  s u r f a c e .  

These m a t e r i a l s  d i f f e r  s u b s t a n t i a l l y  from pre-mining s o i l s .  

Removal of  developed su r fa ce  hor izons  g e n e r a l l y  r e s u l t s  in 

spo i l  m a te r i a l  a t  the  s u r fa c e  t h a t  i s  both low in o rgan ic  

m a t t e r  and high in bulk d e n s i t y  (Chambers e t  a l . 1987).  

Numerous s t u d i e s  have demonstrated t h a t  amending s o i l s  with 

o rgan ic  m a t e r i a l s ,  such as sewage sludge and municipal  waste 

compost,  in c r e a s e s  so i l  o rgan ic  m a t te r  c o n te n t  and improves 

s o i l  s t r u c t u r e  and long- term f e r t i l i t y  ( Khaleel e t  a l .  1981; 

J o o s t  e t  a l . 1987; Seaker and Sopper 1988).  These municipal  

wastes  have been success ful  as o rgan ic  amendments in minespoiI  

and Superfund s i t e  r ec lamat ion  a t  low e l e v a t i o n s  in the  

e a s t e r n  United S t a t e s  (PIass  1982; Skousen 1988; Garvey and 

Donovan 1992).

Composted municipal  wastes  have not  been thoroughly 

t e s t e d  in a r i d  reg ions  or  high e l e v a t i o n  environments o f  the  

Western United S t a t e s  (Chambers e t  a l . 1988; Fresquez e t  a l . 

1990; Brandt  and Hendrickson 1991). Researchers  s tudying 

r e v e g e t a t i o n  t echniques  a t  molybdenum mines above t i m b e r l i n e  

in Colorado found the  most economical and b e n e f i c i a l  s o i l  

amendments to  achieve s u s t a i n a b l e  v e g e t a t i v e  cover were



a p p l i c a t i o n s  of  sewage sludge mixed with wood chips (Brown 

1976).  Although applying sludge and wood wastes a t  high 

e l e v a t i o n s  has been' successful  in re veg e ta t i ng  mine s p o i l s ,  

n i t ro ge n  l e v e l s  must be c a r e f u l l y  balanced to  prevent  so i l  

microbes from competing with p lan t s  fo r  n i t rogen dur ing the  

decomposit ion process .  Composting the  sewage sludge and wood 

■wastes a t  lower e l e v a t io n s  could speed decomposit ion and 

e l im in a te  some f l u c t u a t i o n  in n i t rogen cyc l ing  (Norland e t  a l . 

1991).

The growth and development of  municipal composting 

f a c i l i t i e s  has expanded r a p i d l y  in rec en t  years  as communities 

ac ross  the  country search fo r  ways to reduce so l i d  waste and 

i n c re a s e  the l i f e  of  dwindling l a n d f i l l  space.  Commercial 

composting opera t ions  have proven to be a cos t  e f f e c t i v e  and 

envi ronmenta l ly  sound recy c l ing  technology (Goldstein and 

S teu tev i  l i e  1992; Steutevi  11e 1992).

The purpose of  t h i s  s tudy was to eva lua te  the e f f e c t s  of  

two types  of  municipal  compost and a commercial n i t r ogen  

f e r t i l i z e r  on veg e ta t ion  es tab l i shment  and product ion a t  a 

h i g h -e le v a t i o n  s i t e  d i s t u rbed  by mining.

2



3

LITERATURE REVIEW 

High-Elevat ion Ecosystems

High-eleva t ion  ecosystems in the. United S ta tes  occur in 

mountainous t e r r a i n  of  the eleven western s t a t e s ,  a small 

por t ion  of  the  nor th eas te rn  s t a t e s ,  and Alaska.  These high-  

e l e v a t io n  systems are found near or above t r e e - l i n e  and are 

c h a ra c t e r i z e d  by s h o r t ,  cool growing seasons and long, cold 

w in te r s .  T r e e - l i n e  v a r ie s  in the western United S ta tes  from 

3,500 m i n ' t h e  Southwest to about 2,000 m in nor thern Montana 

(Brown e t  a I . 1978).

Dis turbance To The System

High e l e v a t i o n  ecosystems are under inc reas ing  p ressure  

from a c t i v i t i e s  such as mineral e x p l o r a t i o n ,  mining, graz ing ,  

r e c r e a t i o n ,  t imber  ha rves t ing ,  road c o n s t ru c t i o n ,  and water  

development.  Of the  approximately th r e e  m i l l i o n  hectares  (7.4 

m i l l i o n  ac res )  of  a lp ine  area in the  western United S t a t e s ,  

almost  twelve pe rcent  has been d i s t u rb e d  and r e q u i r e s  

r e h a b i l i t a t i o n  (Brown e t  a l . 1978). Because of  pas t  abuse and 

' i nc reased  development,  a major cha l l enge  i s  to develop the  

technology and s k i l l s  necessary to  r e t u r n  these  ecosystems to 

> a n a t u r a l ,  s e l f - s u s t a i n i n g  s t a t e .



Erivironmental C o n s i d e r a t i o n s .

I n  Reveoetat ion of  Hidh Elevat ion S i t es  

R e h a b i l i t a t i o n  of  d i s t u rbed  high e leva t ion  s i t e s  i s  

ext remely d i f f i c u l t  due to severe c l i m a t i c  condi t ions .  Short  

growing seasons ,  low tempera tures ,  s t rong  winds, f r o s t  a c t i o n ,  

p r e c i p i t a t i o n  extremes,  f l u c t u a t i n g  so i l  mois ture c o nd i t io ns ,  

and in te n s e  s o l a r  r a d i a t i o n  are a few of  the  imposing b a r r i e r s  

to  t r a d i t i o n a l  r e h a b i l i t a t i o n  e f f o r t s  in these s i t e s .  

Reclamation e f f o r t s  are f u r t h e r  complicated by extremes in 

topography and poor a c c e s s i b i l i t y .

The predominant f e a t u r e  of  h ig h-e le va t io n  environments i s  

the  low heat  budget t h a t  r e s u l t s  from sh or t  growing seasons 

(60 to  90 days) and low growing season temperatures  (Brown e t  

a l . 1978, Guillaume 1984). Temperatures of ten f a l l  below 0° C 

and f r o s t  may occur p e r i o d i c a l l y  during the growing season 

(Marr and Wil lard 1970; Brown e t  a l .  1978). "Needle i ce  and 

f r o s t  ac t ion  i n j u r e  p la n t s  by l i f t i n g  young seedl ings  from the 

s o i l  and exposing roo t s  to d e s ic c a t i o n  (Brink e t  a l . 1967). 

The low heat  budget r e q u i r es  specia l  adap ta t ions  by p la n t s  

l i v i n g  in the  a lp ine  zone ( B i l l i n g s  1974).

P r e c i p i t a t i o n  occurs mainly as snow during the months of  

September to  June.  Total e f f e c t i v e  annual p r e c i p i t a t i o n  can be 

h igh ly  v a r i a b l e  fo r  d i f f e r e n t  a l p in e  s i t e s  due to uneven 

d i s t r i b u t i o n .  Snow d r i f t  p a t t e r n s  r e s u l t  from i n t e r a c t i o n s  of  

wind and topography,  with lee  s lopes  and depress ions  r ece iv in g  

h igher  snow accumulat ion than windswept r idges .

4
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Strong wind, a c h a r a c t e r i s t i c  of  h i g h - a l t i t u d e  

ecosystems,  r e s u l t s  in severe de s ic c a t i o n  of  exposed p la n t  

p a r t s  during both win te r  and summer (Johnson e t  a l . 1975). 

P l an t s  on the se  s i t e s  are sub jec t  to  inc reas ed  f r o s t  damage 

and severe abras ion by windblown ice  and so i l  p a r t i c l e s .  Wind 

a l so  erodes f i n e  so i l  p a r t i c l e s  from d i s t u rb e d  s i t e s ,  reducing 

wate r  and n u t r i e n t - h o l d i n g  c a p a c i t i e s  (Brown e t  a l , 1978).

High s o l a r  r a d i a t i o n  f lux  d e n s i t i e s  and increased l e v e l s  

of  u l t r a v i o l e t  r a d i a t i o n  a f f e c t  the growth and development of 

h igher  p l a n t s  (Caldwell 1968). High r a d i a t i o n  l eve l s  r e s u l t  in 

inc reased  so i l  and p la n t  sur face  t empera tu res ,  which promote 

high evapora t ion and drought during the  growing season.

Soi I Genesis

Many f a c t o r s  in f luenc e  the development of  s o i l s  in high-  

e l e v a t i o n  environments.  These • inc lude pa ren t  m a t e r i a l ,  

landform and geomorphic processes ,  as well as vege ta t ion ,  

b io lo g ic a l  a c t i v i t y ,  and cl imate (Brown -et a l . 1978). The r a t e  

of  so i l  development i s  l imi ted  by slow mechanical weathering 

of  the  hard and r e s i s t a n t  rock types in the se  regions .  Cold 

t emperatures  i n h i b i t  chemical r e a c t i o n s  and b i o t i c  a c t i v i t y  

t h a t  c o n t r ib u t e  to  so i l  genes i s .  The r e s u l t i n g  s o i l s  are 

young, heterogeneous,  and weakly developed (Retzer  1974). This 

he t e r o g en e i ty  of  s o i l s  complicates r e h a b i l i t a t i o n  e f f o r t s ,  

o f t en  req u i r in g  s i t e  s p e c i f i c  reclamat ion s o lu t io n s .
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WelI -d ra ined  s o i l s  a re  more ex ten s ive  than poorly drained 

s o i l s  in a l p in e  regions and possess unique c h a r a c t e r i s t i c s  

impor tant  to  successfu l  r ev eg e t a t io n  e f f o r t s .  These s o i l s  are 

g e n e r a l l y  coarse  t ex tu red  with low organic  mat te r  con ten t .  

Severe drought  condi t ions  may e x i s t  in h igh-e lev a t ion  areas  

because of  the  reduced water -holding  c a p a c i t i e s  of  s o i l s ,  

coupled with per iods of  low summer r a i n f a l l .  Thes e . so i l -wa te r  

co n d i t i o n s  may i n h i b i t  p la n t  e s tab l i shment  and growth (Brown 

e t  a I . 1978).

Severe Soi I Disturbance

Mining in h ig h-e le va t io n  areas  produces spoil  m a t e r i a l s  

and overburden which d i f f e r  from premining s o i l s .  Removal of  

the  weakly developed sur fa ce  so i l  horizons r e s u l t s  in 

overburden mate r ia l  t h a t  i s  both low in organic mat t e r  and 

high in bulk dens i ty  (Chambers e t  a l . 1987). Severe 

d i s t u rb a n c e  a l so  a f f e c t s  so i l  s t r u c t u r e ,  organic carbon and 

n u t r i e n t  pool s ,  n u t r i e n t  cycl ing p rocesses ,  and mois tu re  

holding c a pa c i t y  (Bradshaw and Chadwick 1980; Marrs and 

Bradshaw 1982; Brandt and Hendrickson 1991).

One of  the  most severe so i l  and water  problems in high-  

e l e v a t i o n  areas  r e s u l t s  from the exposure,  . through 

d i s t u r b a n c e ,  of  p y r i t e s  and o the r  s u l f i d e  minera ls .  Natural  

ox id a t io n  of  the  exposed s u l f i d e  minera ls  with a i r  and water  

can r e s u l t  in the  formation of  acid rock drainage.  Under the se  

co n d i t i o n s  the  su rface  s o i l s ,  su r fa ce  water ,  and groundwater



may become very a c i d i c .  Acidi ty  may inc re as e  the  s o l u b i l i t y  of 

c e r t a i n  elements ,  p a r t i c u l a r l y  aluminum, to  to x ic  l e v e l s .  

Runoff of  the se  contaminated waters i s  de t r imenta l  to p lan t  

communities and s e r i o u s l y  degrades water  q u a l i t y  and aqua t i c  

ecosystems (Brown e t  a l . 1978).

Toosoi I Salvaae

Salvaging to pso i l  p r i o r  to d i s tu rbance  i s  a d e s i r a b l e  

reclamat ion a c t i v i t y .  ■ Replacing tops o i l  a c c e l e r a t e s  so i l  

development by providing a p a r t i , c l e s i z e  d i s t r i b u t i o n  which 

helps supply adequate water  fo r  p la n t  growth, reduces runof f ,  

in t roduces  a v a r i e t y  of  p la n t  and microorganism propagules ,  

and encourages f a s t e r  e s tab l i shment  of  n u t r i e n t  cycles  

(Schuman and Power 1981). Unfor tunately ,  top so i l  i s  r a r e l y  

a v a i l a b l e  in s u f f i c i e n t  q u a n t i t i e s  in a h ig h -e le v a t i o n  

environment to be e f f e c t i v e  in the rev eg e t a t io n  process (Brown 

e t  a l .  1978).

Topsoil sa lvage on h ig h-e le va t io n  s i t e s  can cause mixing 

o f  the  shal low A horizon which conta ins  the bulk o f . t h e  s o i l ' s  

organ ic  carbon and microorganisms with deeper mineral  s o i l s .  

Consequent ly the se  d i s tu rba nces  produce cover so i l  ma te r ia l  

t h a t  lacks s t r u c t u r e  and i s  prone to formation of  su r face  

c r u s t s  a f t e r  a few per iods  of  r a i n f a l l .

Topsoil can be salvaged from ad jacent  land to rep lace  

so i l  removed during s i t e  d i s t u rban ce .  This p r a c t i c e ,  however, 

degrades add i t io na l  a rea s ,  i s  of ten very c o s t l y ,  and can

7



r e s u l t  in the  i n t r o d u c t i o n  of  p la n t  sp e c i e s  p o t e n t i a l l y  

de t r im enta l  to  r e v e g e t a t i o n .  In a d d i t i o n ,  when to p s o i l  i s  

s t o r e d  fo r  only & few months before  use many , e s s e n t i a l  

mic ro b i o l og ica l  c o n s t i t u e n t s  a re  l o s t  (M i l l e r  1984).

Severe s o i l  d i s t u rb a n c e s  produce c o n d i t i o n s  in which 

decomposi t ion and n u t r i e n t  cyc l ing  are  d r a s t i c a l l y  reduced 

(Reeder and Sabey 1987; Schuman and Belden 1991).  Severely 

d i s t u r b e d  a reas  f r e q u e n t l y  r e q u i r e  amendments to  in c re a s e  

n u t r i e n t  a v a i l a b i l i t y  and develop s u s t a i n a b l e  n u t r i e n t  c y c le s .  

N u t r i e n t  a v a i l a b i l i t y  i s  one of  the  most impor tant  f a c t o r s  in 

r e v e g e t a t i o n  o f  h i g h - e le v a t i o n  s o i I s .  P la n t - a v a i I a b l e - n i t rogen  

i s  g e n e r a l l y  d e f i c i e n t  in undi s turbed a l p i n e  s o i l s  in 

comparison to  lo w er -e le va t io n  s o i l  systems.  This d e f ic ie n c y  i s  

the  r e s u l t  of  cool summer tempera tures  and r e s t r i c t e d  

microorganism a c t i v i t y  in s u r fa c e  s o i l s  (Guillaume 1984).  

Ni trogen supply to  p l a n t s  depends hea v i l y  on microbial  

decomposi t ion and e f f i c i e n t  cy c l i n g ,  s i nce  ne a r l y  a l l  the  

n i t ro ge n  a p l a n t  o b ta in s  from the  s o i l  i s  de r ived  from organ ic  

m a t t e r .

Ni trogen Rate

Nitrogen i s  r equ i r ed  in r e l a t i v e l y  l a r g e  amounts by 

p l a n t s  and i s  an e s s e n t i a l  element  f o r  p l a n t  metabol ism. 

Impaired n i t ro ge n  supply i s  the  most impor tant  f a c t o r  l i m i t i n g  

ecosystem development and the  a t t a inment  of  s e l f - s u s t a i n i n g  

v e g e t a t i o n .  In s o i l s ,  most of  the  t o t a l  a v a i l a b l e  n i t r oge n

8
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(>95%) e x i s t s  as organic ni t rogen (Marrs and Bradshaw 1982) 

with low le v e l s  (<1%) in the  form of  n i t r a t e  or  ammonia 

n i t rogen  (Faust  and Nimlos 1968). In co ld er  c l imates  o f  h igh-  

e l e v a t i o n  a r ea s ,  decomposit ion r a t e s  are very slow. 

Consequent ly,  th e re  must be a l a rge n i t rogen r e s e r v o i r  to 

provide a s u f f i c i e n t  supply through m i n e ra l i z a t i o n  to  meet
o

annual veg e ta t ion  requi rements .  The t o t a l  n i t rogen rese rve  and 

r a t e  of  m i n e ra l i z a t i o n  are  c r i t i c a l  to su s t a ined  p lant  growth 

in d i s t u rb e d  h ig h -e l e va t io n  systems.

Legumes add s i g n i f i c a n t  l eve l s  of  n i t rogen to geologic  

m a t e r i a l s  through n i t rogen  f i x a t i o n .  They help r e e s t a b l i s h  

pathways f o r  rapid n i t rogen  cycl ing (Reeder 1990). Several  

problems are posed by inc luding agronomic legume spec ies  

( i . e . . T r i f o l i urn spp. )  in a reclamat ion seed mix fo r  high-  

el eva t ion  s i t e s .  High l e v e l s  of  calcium and phosphorus must be 

added to d i s t u rbed  s o i l s  to  maintain a product ive  legume 

popula t ion  (Marrs and Bradshaw 1982). The use of  in t roduced 

legume spec ies  may not be permit ted i f  s t a t e  reclamat ion laws 

r e q u i r e  the  use of  na t ive  spec ies .  Legumes are a l so  s e n s i t i v e  

to  some heavy-metal t o x i c i t i e s ,  phosphorus a v a i l a b i l i t y ,  and 

compet i t ion from many grass  species  (PIass 1982).

I n o ra a n i c F e r t i I i zers

A d ef ic ie n c y  of  p l a n t - a v a i l a b l e  n i t rogen .can  l i m i t  p l a n t  

growth and long-term s t a b i l i t y  of land d i s tu rbed  by s u r fa c e  

mining.  Def ic i enc ie s  a r i s e  because d i s tu rba nce  d r a s t i c a l l y



a l t e r s  the  flow of  n i t rogen  through the  s o i l - p i a n t - m i c r o b i a l  

ecosystem. The a v a i l a b i l i t y  of  n u t r i e n t s ,  e s p e c i a l l y  n i t rogen ,  

depends on the  s e v e r i t y  of  the d i s tu rba nc e  (T i Iman 1982). A 

major rec lamat ion  goal has been to achieve s t a b i l i z a t i o n  of  

the  d i s t u rb e d  s i t e  with a d e s i r a b l e  p la n t  community t h a t  

r e q u i r e s  l i t t l e  or no long-term^ f e r t i l i z a t i o n  inpu t s .  

Hopeful ly,  the  community wi l l  maintain a level  of  p r o d u c t i v i ty  

comparable to  t h a t  e x i s t i n g  before d i s tu rba nce  (Woodmansee e t  

a l . 1978). Development of  a s e l f - s u s t a i n i n g  ni t rogen cycle  

involves  both accumulation of n i t rogen wi thin  the system and 

e f f i c i e n t  cyc l ing  of t h i s  ni t rogen rese rve  (Marrs and Bradshaw 

1982). A minimum n i t rogen supply of  1000 kg/ha. to develop a 

s e l f - s u s t a i n i n g  n i t rogen cycle was recommended by these  

au thors  f o r  China clay waste.  Some d i s t u rb e d  land may r e q u i r e  

decades . or  c e n t u r i e s  to accumulate t h i s  much n i t rogen 

n a t u r a l l y  and evolve toward a s t a b l e  n u t r i e n t  cycle (Reeder 

1985).

Conventional r e h a b i l i t a t i o n  methods a t  high e l ev a t io n  

s i t e s  r e l y  on the  use of  commercial n i t r o g e n ,  phosphorous, and 

potassium f e r t i l i z e r s  to  inc rease  a v a i l a b l e  n u t r i e n t s  f o r  

p l a n t  growth and survival  (Brown e t  a l . 1978). With low l e v e l s  

of  a v a i l a b l e  n i t rogen in h ig h-e le va t io n  t o p s o i l ,  a r apid  

response would be expected from a p p l i c a t i o n  of  small amounts 

of  n i t rogen  f e r t i l i z e r .  This has not been the case,  however. 

In a s tudy c a r r i e d  out  a t  a h ig h-e le va t io n  s i t e . i n  Colorado,  

270 kg of  NH4NO3 (ammonium n i t r a t e ) /ha were requi red  before  a

10
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p la n t  response was noted (Faust  and Nimlos 1968). S c o t t  and 

B i l l i n g s  (1964) repor ted  s i m i l a r  r e s u l t s  in the  Medicine Bow 

Range of  Wyoming. Appl icat ion r a t e s  of  up to  111 kg of  

n i t rogen  ( e q u i v a l e n t ) / h a  in bulk f e r t i l i z e r  were abso lu te l y  

e s s e n t i a l  f o r  success fu l  and rapid es tab l i shm en t  of p la n t s  on 

h ig h- a lp i ne  s i t e s  (Brown e t .  a l . 1978). However, Brown e t  

a l . (1984) found t h a t  inorganic  f e r t i l i z e r s  were not r e l i a b l e  

sources of  n u t r i e n t s  f o r  p la n t  growth in a h igh-a lp ine  area 

unless  app l ied  rep ea ted ly  over long t ime per iods .  Berg and 

Barrau (1978) i n d i c a t e  t h a t  for  bes t  r e s u l t s  on a d i s tu rbed  

h i g h -e le v a t i o n  s i t e ,  n i t rogen should be appl ied  a t  a r a t e  of  

60 pounds per  ac re  per yea r  fo r  a t  l e a s t  4 consecut ive yea rs .  

Chambers e t  a l . (1987) repor ted  t h a t  the  res idua l  q u a n t i t i e s  

of  n i t r o g e n ,  phosphorus,  and potassium on revege ta ted  a lp in e  

areas  in Montana decreased r a p id ly  a f t e r  » f e r t i l i z e r  

a p p l i c a t i o n .  Incorpora t ion  of  organic m a t t e r  was viewed as an 

impor tant  s t e p  towards r e t e n t i o n  of the se  elements in a viable-  

system of  n u t r i e n t  cyc l ing .

In some cases  higher  seedl ing m o r t a l i t y  was noted on 

f e r t i l i z e r  p l o t s  in d i s tu rbed  a lp ine  s i t e s  because of  an 

i n i t i a l  pulse  of  n i t rogen and phosphorus,  followed by a rap id  

dec l in e  in n i t r oge n .  This dec l ine  in f e r t i l i t y  fol lowing a 

n u t r i e n t  pu lse  can r e s u l t  in decreased n u t r i e n t  absorpt ion ,  

p ho to sy n th es i s ,  and growth, and in t u r n ,  cause g r e a t e r  

s u s c e p t i b i l i t y  to  o the r  s t r e s s e s  (Chapin 1980).
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Reeder (1990) s t a t e d  t h a t  inorgan ic  n i t rogen f e r t i l i z e r  

added to  mined lands was more prone to leaching . and 

v o l a t i l i z a t i o n  loss es  because p la n t  and microbial  communities 

were l e s s  a c t i v e  a f t e r  d i s tu rbance .  This r a i s e s  the concern of  

the  impact on su r fa ce  and ground waters  of  increased d i s so lved  

n i t ro ge n  l e v e l s  r e l a t e d  to  heavy n u t r i e n t  loading on d i s tu rbe d  

s i t e s .

Rennick e t  a l . (1984) did not recommend using inorgan ic  

f e r t i l i z e r s  on to ps o i l ed  coal s p o i l s  in Montana because of  

inc rease d  invasion by weedy species  and a loss  of  p la n t  

community d i v e r s i t y .  Brown e t  a l . (1984) s t a t e d  - t h a t  high 

seeding r a t e s  and heavy a p p l ic a t i o n  r a t e s  of inorganic  

f e r t i l i z e r  could produce closed p la n t  communities and impede 

success iona l  development in a lp ine  ecosystems.

*}

Oroanic Matter

Soil  organic  mat te r  c o n s i s t s  of  p la n t  and animal res i dues  

in va r ious  s t ages  of  decomposit ion,  l i v i n g  so i l  organisms, and 

subs tances  syn thes ized  by these  organisms.  This mate r ia l  i s  

impor tant  to  the  development of  mineral  s o i l s  and i s  one of  

the  major keys to  so i l  p r o d u c t i v i ty .  So i l s  d i f f e r  in organic  

m a t t e r  con ten t  from region to region.  Semiarid areas u sua l ly  

have to ps o i l  with l e ss  than 2% organic ma t te r .

The chemical composit ion of  so i l  organic mat t e r  i s  

ca te g o r iz e d  in th re e  major groups: polysacchar ides ,  l i g n i n s  

and p r o t e i n s .  These th re e  c l a s s e s  of  m a t e r i a l s  are sources of



food fo r  so i l  micro-organisms (Ludwick 1990). Organic mat te r  

i s  p r im a r i l y  carbon (approximately 58% by weight)  and conta ins  

a l a rg e  r e s e r v o i r  of  e s s e n t i a l  p lan t  n u t r i e n t s  (Ti sda le  and 

Nelson 1985). The con cen t ra t ion  of n i t rogen  in p la n t  mate r ia l  

i s  u su a l l y  g r e a t e r  than 1% and may exceed 3% (Reeder and Sabey 

1987). .

Organic m a t t e r  content  of s o i l s  d i r e c t l y  a f f e c t s  

mo is tu re -ho ld ing  ca pac i ty  by inc reas ing  water  absorpt ion  and 

r e t e n t i o n  (Brandt and Hendrickson 1991). I t  a l so  enhances 

n u t r i e n t  a v a i l a b i l i t y  by inc reas ing  ca t ion  exchange capac i ty ,  

and provides a s t eady supply of p la n t  n u t r i e n t s  through 

decomposit ion and m in e ra l i z a t i o n  (Smith e t  a l . 1987).

High seed l ing  m o r t a l i t y  has been a t t r i b u t e d  to  the 

formation of  needle ice  and so i l  drought  condi t ions  a t  high-  

e l e v a t i o n  s i t e s  (Roach and Marchand 1984). Cochran (1969) 

found t h a t  organ ic  amendments enhanced seed l ing  es tab l i shment  

by decreas ing  so i l  water  loss  and in c re as in g  soi l  su r face  

t empera tures .  Organic amendments a l so  a l t e r  su r fa ce  

c h a r a c t e r i s t i c s  which help prevent  su r fa ce  wind eros ion  of  

so i l  and seeds.

Incorpora t ing  organic  mat ter  in to  mineral  s o i l s  and 

s p o i l s  can inc re as e  p l a n t  growth ( Joos t  e t  a l . 1987; Smith e t  

a l . 1987; Ludwick 1990). Brown e t  a l . (1978) recommended 

a p p l i c a t i o n  rates ,  of  2,000 to 4,000 kg/ha '1 of  organic mat t e r  

to improve water  and n u t r i e n t  a v a i l a b i l i t y  in x e r i c ,  s t e r i l e  

a l p in e  s p o i l s .  However, a cos t  e f f e c t i v e  and envi ronmental ly

13



a c ce p t ab le  source of  organic ma t te r  s u i t a b l e  fo r  h igh-  

e l e v a t i o n  rec lamat ion p r o j e c t s  can be d i f f i c u l t  to f ind .

Benef i t s  of  Compost

The b e n e f i t s  of  composted municipal wastes on d i s t u rbed  

s i t e s  are  der ived p r imar i ly  from the  compost ' s  s t r u c t u r e ,  

o rganic  carbon pool,  n u t r i e n t  con ten t  J and form, and

micro b i o lo g ic a l  inocula (Brandt and Hendrickson 1991). The 

r e l a t i v e  c o n t r ib u t io n s  of each type of  compost to soi l ,  

c h a r a c t e r i s t i c s  and p lan t  growth wil l  vary with the m a t e r i a l s 

and bulking agents  used in the  composting process .  Compost dry 

m a t t e r  based on p lan t  and animal wastes contain  a fu l l  range 

of  p l a n t  macro- and m ic ronu t r i en t s  g e n e ra l l y  su i t ed  for  p la n t  

growth. Al I composts provide a l a rge  amount of degraded 

o rganic  m a t t e r  which may improve the  f r i a b i l i t y  of f i n e -  

t e x tu r e d  s o i l s  and the mois ture-ho lding  capac i ty  of co ars e -  

t e x tu r e d  s o i l s  (Bradshaw and Chadwick 1980).

One of  the  p r inc ipa l  b e n e f i t s  of  compost addi t ions  to 

d i s t u rb e d  s o i l s  i s  the i n i t i a t i o n  of  n u t r i e n t  cycl ing.  This 

r e s u l t s  from the  inocu la t ion  in to  s t e r i l e  s o i l s  of microbial  

decomposers p rese n t  in the compost. The supply of mineral  

n i t rogen  in s o i l s  i s  c ons tan t l y  rep len i s hed  by microbial  

m i n e r a l i z a t i o n  of soi l  organic  m a t te r .  In t h i s  process ,  

c e r t a i n  s o i l  microorganisms use organic  substances as an 

energy source and ni t rogen from the organic  mater ial  as a 

b u i l d i ng  block fo r  microorganism p r o t e i n .  Dead microorganisms
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subsequent ly decay and r e l e a s e  ni t rogen f o r  microorganism and 

p la n t  use.  S tud ies  of  compost and municipal  s ludge amendments 

to s o i l s  have documented increased so i l  microbial  biomass and 

n u t r i e n t  cyc l ing  (Fresquez and Lindemann 1982; Whitford e t  a l . 

1990). Microbial  processes  are so impor tant  to  so i l  recovery 

t h a t  the a c t i v i t y  of  microorganisms may be used as an index 

fo r  the  p rogress  of  so i l  genesis  in minespoi Is  (Seaker and 

Sopper 1988).

The microbial  decomposit ion of organic  ma t te r  i s  a l so  one 

of  the  most impor tant  f a c t o r s  in soi l  s t r u c t u r e  development. 

So i l s  with good s t r u c t u r e  provide the  best ,  condi t ions  for  

supplying water  and n u t r i e n t s  to p l a n t s .  The bes t  water  and 

n u t r i e n t  regimes occur in s o i l s  with g r a n u la r  s t r u c t u r e  with 

aggregate  s i z e s  from I to  2 mm (Smith e t  a l . 1987). Brandt and 

Hendrickson (1991) s t a t e d  t h a t  ad d i t io ns  of  25% compost by 

volume could a l t e r  physical  c h a r a c t e r i s t i c s  of  s o i l s .  Organic 

ma te r ia l  has l i t t l e  e f f e c t  on soi l  s t r u c t u r e ,  however, unless  

microbial  a c t i v i t y  produces s t a b l e  so i l  aggrega t ion .  Fungi and 

act inomycetous produce mycelia and have metabol ic  processes  

t h a t  sy n t he s iz e  complex organic molecules.  These decomposit ion 

p roduct s ,  in combination with the mechanical binding ac t ion  of 

c e l l s  and f i l am ent s  from microorganisms,  produce s t a b l e  so i l  

aggrega tes .

Another impor tant  b e n e f i t  of  compost addi t ions  to 

d i s t u rbe d  s o i l s  i s  the  inocu la t ion  in to  s t e r i l e  s o i l s  of
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symbiot ic  mycorrhiza (Brandt and Hendrickson. 1991). These 

organisms form symbiot ic a s s o c i a t i o n s  with roo t  systems of 

many p l a n t s  and t h e i r  presence i s  c r uc i a l  f o r  water  and 

mineral  uptake by some higher  p la n t s  (Will iams 1979; Whitford 

e t  a l .  1990).

Surface mining can d i s r u p t  mycorrhiza and o the r  

microorganism popula t ions  in so i l  when p lan t  communities are 

t em po ra r i ly  d e s t r o y e d . . Microbial popula t ion d i s ru p t io n  i s  

inc reased  when t o p - s o i l s  are s to red  fo r  long periods of  t ime 

or  mixed with spoi l  and subsoi l  m a t e r i a l .  Repopulation of  the 

mic rob ia l  biomass in such areas  can be very slow because fungi 

and b a c t e r i a  do not r e a d i l y  adapt  to  chemical and physical  

changes in d i s t u rb e d  s o i l s  (Smith e t  a l . 1987).

Addit ion of  composts,,  which are  high in organic m a t te r  

c o n t en t ,  can improve water  i n f i l t r a t i o n ,  reduce evapora t ion ,  

improve d ra inage in f i n e - t e x t u r e d  s o i l s ,  and encourage more 

ex te ns iv e  and deeper roo t  systems (Brandt and Hendrickson 

1991). Other organic  amendments, such as s t raw and wood-f iber  

mulches,  can a l so  have ,posi t ive e f f e c t s  on so i l  s t r u c t u r e  when 

they a re  incorpo ra ted  in to  the so i l  column (Schuman and Belden 

1991).  These amendments, however, may be low in those 

n u t r i e n t s  commonly suppl ied by compost. Their  high carbon 

con t en t  could a c t u a l l y  decrease n i t rogen  a v a i l a b i l i t y  fo r  

p l a n t s  because the  amendments s t i m u l a t e  microorganism growth 

r a t e s  with a subsequent  inc rease  in n i t rogen uptake.  (Simms 

1990).  Consequent ly,  r a t e s  of  decomposit ion and n u t r i e n t
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cy c l ing  in s o i l s  r e c e iv in g  only mulch wi l l  gen e ra l ly  be lower 

than compos t - t r ea ted  s o i l s  (Brandt and Hendrickson 1991).

Sewaoe Sludae and Composted Municipal Waste in Reclamation

Numerous s t u d i e s  have shown t h a t  amending s o i l s  with 

o rgan ic  m a t e r i a l s  such as sewage sludge inc re as e s  soi l  organic 

m a t t e r  con ten t ,  and improves soi l  s t r u c t u r e  and long-term 

f e r t i l i t y  (Bradshaw and Chadwick 1980; Khaleel e t  a l . ,  1981; 

J o o s t  e t  a l . 1987; Simms 1990). Many of  these  s t ud i es  were 

c a r r i e d  out on a g r i c u l t u r a l  lands,  but sewage sludge has a l so  

been extremely success fu l  when used as an organic  amendment in 

minespoiI  r ec lamat ion  (Hortenst ine  and RothwelI 1972; Seaker 

and Sopper 1988; Skousen 1988).

Researchers in Ph i lade lph ia ,  Pennsylvania used a "mine 

mix" of  50 pe rce n t  dewatered sludge and 50 percent  sludge 

compost to s u c c e s s f u l l y  reclaim s t r ip .mined  lands (Alp e r t  and 

Segal I 1990). Sabey e t  a l . (1980) demonstrated the  b e n e f i t s  of 

sewage sludge in the  reclamat ion of d i s t u rb e d  o i l  sha le  lands 

in nor thwestern  Colorado.  Sewage sludge a l so  enhanced the  

growth of  n a t i v e  shrubs in spo i l s  of  a copper mine in Utah 

(Sabey e t  a l . 1990). Norland e t  a l . (1991) u t i l i z e d  composted 

municipal  waste to  i n c re as e  vege ta t ive  es tab l i shment  on coarse 

t a c o n i t e  t a i l i n g  on Minnesota 's  Mesabi i ron range.  Four 

a p p l i c a t i o n s  of  municipal  waste compost, appl ied  during a two 

ye a r  pe r iod ,  s i g n i f i c a n t l y  improved so i l  n u t r i e n t  

c h a r a c t e r i s t i c s  and increased p lan t  growth on s t e r i l e
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phosphate sand t a i l i n g s  in Flor ida  . (Hor tens t ine  and RothwelI 

1972).

Several  r e se a r c h e r s  found t h a t  municipal  sludge could be 

used to  s u c c e s s f u l l y  rev ege ta t e  s t r ip - mine d  land in 

Pennsylvania (Sopper and Kerr 1981; Seaker and Sopper 1988). 

Repeated s ludge a p p l ic a t i o n s  had no adverse e f f e c t s  on 

v e g e ta t io n ,  s o i l ,  or groundwater q u a l i t y  and th e re  was l i t t l e  

r i s k  to animal or  human heal th  from heavy-metal contaminat ion.

Amendments such as sewage sludge and composted municipal 

waste have proven valuable  in reducing metal t o x i c i t i e s  in 

ac id  t a i l i n g s .  A combination of  sewage sludge and f ly  ash were 

used to r e v e g e t a t e  an a c id ic  and heavy metal contaminated 

superfund s i t e  in Pennsylvania (Garvey and Donovan 1992). 

P lass  (1982) s u c c e s s f u l l y  revege ta ted  a c i d i c  wastes (pH of 

4.0)  by applying 20 metr i c  tons of  organic  mat t e r  per hec ta re .  

Mushroom compost and paper-mil l  s ludge were used to  

s u c c e s s f u l l y  re ve g e ta t e  ac id i c  (pH 3.3 to 4:1) coal-mine 

s p o i l s  in so u th e as te rn  Ohio (Vogel and Rothwell 1985).

Three Amax Inc.  molybdenum mines a t  t i m be r l in e  along the 

co n t in en ta l  d iv ide  in Colorado have had a c t i v e  reclamation 

programs fo r  y e a r s . Researchers have found t h a t  a mature soi l ,  

i s  p r e r e q u i s i t e  to achieving s e l f - s u s t a i n i n g  vege ta t ion .  The 

most economical and bene f i c ia l  so i l  amendments were an i n i t i a l  

a p p l i c a t i o n  o f  44.8 metr i c  tons per  hec ta re  of  both sewage 

s ludge and wood-chips,  followed two or  t h r e e  years  l a t e r  by an 

ad d i t i o n a l  22.4 metr i c  tons per h ec ta r e  of  sludge (Brown

18
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1976).  Although t h i s  procedure has been s u c c e s s fu l ,  n i t rogen 

l e v e l s  must be c a r e f u l l y  balanced.  Soil microbes consume more 

n i t rogen  than p la n t s  dur ing decomposit ion,  which may r e s u l t  in 

so i l  n i t rogen  d e f i c i e n c i e s .  A compost i s  more, chemical ly  

s t a b l e  and l e ss  l i k e l y  to  mobi l ize n i t rogen when added to  

s o i l , . a f t e r  i t  has decomposed over a longer  period of  t ime 

(Si kora and Sowers 1985). Composting the  sewage sludge and 

wood wastes a t  lower e l e v a t io n s  and t r a n s p o r t i n g  the f in i s h e d  

product  to a h ig h- e l e va t io n  s i t e  could speed decomposit ion and 

e l i m i n a t e  some f l u c t u a t i o n  in ni t rogen cyc l ing .

Wood-chip/municipal ,  sludge composts were t e s t e d  in 

r e v e g e ta t io n  experiments in an a r id  region of  sou theas te rn  

Washington. Compost was incorpora ted  in to  s o i l s  t h a t  f a i l e d  to 

suppor t  growth the previous year .  P lant  survival  and growth on 

the  composted s i t e s  was more than twice t h a t  of  the un t r ea ted  

c o n t r o l s .  Grass den s i ty  on the composted s i t e s  was t h r e e  to 

f i v e  t imes g r e a t e r  than c o n t ro l s .  Sludge compost t r ea tments  

a l so  produced g r e a t e r  r e v e g e t a t i v e  success than combinations 

of  s t r aw mulch and low-ra tes  of  f e r t i l i z e r s  (Brandt and 

Hendrickson 1991).

A review of  the l i t e r a t u r e  s u b s t a n t i a t e s  the idea t h a t  

composted municipal wastes have p r o p e r t i e s  t h a t  are b e n e f i c ia l  

in rec la iming mining d i s t u rb a nce s .  This p r o j e c t  was designed 

to  determine whether t h i s  i n c re a s in g l y  a v a i l a b l e  waste product  

has a p r a c t i c a l  use in r e s t o r i n g  a lp ine  and suba lpine  

ecosystems.
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Compost Aval I a b i I i tv

The growth and development of  s ludge and yard waste 

composting f a c i l i t i e s  has expanded r a p i d l y  in recen t  years  as 

communities ac ross  the  country search fo r  ways to  reduce s o l i d  

waste and i n c re as e  the  l i f e  spans of  dwindling l a n d f i l l  space.  

There were an es t imated  800 to 1,000 municipal  yard waste 

composting f a c i l i t i e s  in the United S ta te s  in 1988 with the  

number growing s t e a d i l y  (Glenn 1988). In 1987, the re  were 90 

sludge composting p r o je c t s  nat ionwide,  with 61 opera t ing  

p l a n t s .  In 1989 th e r e  were.227 sludge composting p r o j e c t s ,  and 

119 op era t i ng  p la n t s  (Goldstein and Riggle,  1989). Commercial 

composting ope ra t io ns  have proven themselves to  be a cos t  

e f f e c t i v e  and environmental ly  sound r ec yc l in g  technology 

(Taylor  1989).

Although th e re  has been su b s t a n t i a l  r esea rch  on the  use 

of  sewage sludge and compost in mine reclamat ion a t  low 

e l e v a t i o n s ,  use of  sewage sludge compost a t  h igh- e le va t io n  

s i t e s  in the  Western United S ta te s  has not  been thoroughly and 

s c i e n t i f i c a l l y  t e s t e d .  Further  i n v e s t i g a t i o n  i s  needed to 

eva lua te  how d i f f e r e n t  types of  municipal compost e f f e c t  the  

es tab l i s hm e n t  of  vege ta t ion  on d i s tu rbed  h ig h -e le va t i on  s i t e s .
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MATERIALS AND METHODS 

S i t e  Descr iDt ion

The. Basin Creek gold mine, a heap I each opera t i on ,  i s  

lo c a te d  approximately 25 km southwest of  Helena, Montana 

(Figure  I ) .  Operat ion of  the  mine wil l  r e s u l t  in the  

d i s t u rb a n c e  of  approximately 156 ha. The mine includes pub l ic  

and p r i v a t e  land in the  Deerlodge and Helena National Fores ts  

and s t r a d d l e s  the con t inen ta l  d iv ide  a t  e l e va t i ons  from 2,260 

to  2,380 m (Figure I ) .

So i l s  in the p r o j e c t  a rea  are p r imar i ly  g r av e l ly  and 

sandy loams in the  e a r l y  s t ages  of  development with pH values 

from 4.5 to 7.5.  Parent  m a t e r i a l s  c o n s i s t  of  quar tz  monzonite 

a t  lower e l ev a t io n s  and porous l i t h i c  t u f f  and r h y o l i t e  flows 

a t  h igher  e l e v a t i o n s .  P r io r  to  d is tu rbance  the  soi l  a t  the  

s tudy s i t e  was c l a s s i f i e d  as a Typic Cryoboralf ,  coarse loamy, 

mixed (Noel 1989). Mean annual p r e c i p i t a t i o n  averages 760 mm 

per  yea r .

The suba lp ine  s i t e  i s  dominated by dense s tands  of  

lodgepole pine (P inus c o n t o r t a ) with common beargrass  

(Xerophvlurn tenax) and grouse whor t leberry  (Vacciniurn 

s c o o a r i urn) the dominate ground cover.  Mining d i s tu rba nce  

completely  des t royed the p la n t  community which p r ev ious ly  

occupied the  study s i t e .
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Basin
Creek
Mine Lu ttre ll Peak

NORTH Luttrell 
Ridge Pit

Paupers Peak

; S tu d y. • Leach
• S itePad #1

Office
Leach Pad # 2  1,

Basin, Montana

Figure I .  Location of  Basin Creek Mine study s i t e .
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In l a t e  June of  1991 p rojec t  implementation began on a 

0.5 ha area of the mine, previously used as a haul road 

(Figure I ) .  The area was recontoured to a I to 8% grade with 

a southwester ly  exposure.  Salvaged topsoi l  was spread over the 

area  to a depth of 15 to 20 cm. Plots  with dimensions of  3 by 

3 m were es ta b l i sh ed  in a randomized block design (Figure 2) .  

One meter buffer  zones were maintained between al l  p lo t s .  Nine 

t r ea tments  and two con t ro l s  per block were rep l i ca ted  th r e e  

t imes for  a to ta l  of  33 p lo t s .

BLOCK
= 3 BY 3 m NORTH

1 27 28 31

2

3

Figure 2. Randomized block design for  t r ea tments .



Amendment Recommendations

The Basin Creek Mine began using 9.5 Mg/ha of  s u r fa c e  

app l ied  sewage sludge compost (EKO Compost) as an amendment 

dur ing the  f a l l  of  1990. This a p p l i c a t i o n  r a t e  was based on 

recommendations from greenhouse vege ta t ion  t r i a l s  conducted 

f o r  the  min& (Noel 1990). Soil c r u s t i n g  had been i d e n t i f i e d  as 

a p o s s i b le  f a c t o r  c o n t r i b u t i n g  to poor veg e ta t i ve  growth on 

reclaimed areas  a t  the  mine. In these  t r i a l s ,  incorpora ted  

compost appeared to inc rea se  veg e ta t iv e  y ie ld s  and preven t  

so i l  c r u s t i n g .  The r a t e s  of  compost used in t h i s  study were 

based on recommendations from o th er  s tu d i e s ,  ( Plass 1982; 

Vogel and RothwelI 1985; Seaker and Sopper 1988; Brandt and 

Hendrickson 1991). EKO compost and the Bozeman compost were 

s e l e c t e d  fo r  use in t h i s  study because they were the only 

composts a v a i l a b l e  in the  region surrounding the Basin Creek 

Mine, and were produced in l a rge  enough q u a n t i t i e s  to,  be 

e f f e c t i v e  in the reclamat ion of  a d i s tu rbed  mine s i t e .

Add! i c a t io n  Rates And Methods

Sewage sludge compost (EKO) i s  produced commercially in 

Missoula,  Montana. The compost operat ion  i s  located ad j acen t  

to  the  municipal  sewage t r ea tment  f a c i l i t y  and u t i l i z e s  sewage 

s ludge combined with wood product  wastes and yard d e b r i s .  The 

t h r e e -p h a s e  composting process i s  completed in nine months.  

The f i n a l  product  i s  screened;  I cm fo r  gardening,  2.2 cm fo r  

mining and a double I cm screening fo r  hydromulchers. Mine
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compost was t r a n s p o r te d  in cubic yard bags to  the  mine s i t e .

EKO compost was appl ied  a t  two r a t e s ,  76 Mg/ha and 152 

Mg/ha. This i s  e qu iv a l e n t  to compost being spread a t  1.25 cm 

and 2.5 cm th ick  l a y er  over the su r face  of  the  p l o t s .  The two 

EKO compost r a t e s  of  76 Mg/ha and 152 Mg/ha were su r fa ce  

app l ied  and both r a t e s  were incorporated  to a depth of  10 cm 

with a r o t o t i l l e r .

Bozeman Compost (BOZ) i s  produced by the m un ic ip a l i ty  of  

Bozeman, Montana a t  the  local  l a n d f i l l .  The compost used in 

t h i s  s tudy was made up of  an es t imated 30% grass  c l i p p i n g s ,  

30% leaves ,  and a 40% combination of  s t raw,  hay, manure, hedge 

tr immings,  and wood chips .  Finished compost i s  produced in 20 

months and i s  provided f re e  to ttie publ ic  or used as a so i l  

amendment in r e h a b i l i t a t i o n  of the  l a n d f i l l  s i t e .

Bozeman compost, l i k e  EK0, was appl ied a t  two r a t e s ;  76 

Mg/ha and 152 Mg/ha. This i s  equ iva len t  to the  compost being 

spread 1.25 cm and 2.5 cm th ick  over the su r face  of  the  

p l o t s .  The compost was incorporated  to  a depth of  10 cm with 

a r o t o t i l l e r .  No su r fa ce  a p p l ic a t i o n s  were made with t h i s  

amendment.

Mine Combo (MINE CMB0) i s  the  name given to  a combination 

of  amendments used by Basin Creek Mine. This mine app l ies  the  

amendments with a hydromulcher fo r  r ev ege ta t ion  p r o j e c t s . A 

hydromulcher was not a v a i l a b l e  fo r  t h i s  s tudy,  consequent ly 

r e p l i c a t e d  amendment r a t e s  were broadcast  by hand.

Mine Combo amendments c o n s i s t  of  EK0 compost double-
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screened through a I cm mesh and hydromulched a t  9.5 Mg/ha. 

This i s  e q u i v a l e n t  to  compost being spread 1.6 mm over the  

su r f a c e  o f  the  p l o t s .  Pro-Rich dehydrated p o u l t r y  waste and 

S i l v a - F i b e r r a wood f i b e r  mulch, were combined with the  

compost.  Appl ica t ion  r a t e s  were 112 kg/ha Pro-Rich dehydrated 

p o u l t r y  waste with N-P2O5-K2O content  of  14-5-5 pe rce n t  

r e s p e c t i v e l y  and 2 .2 Mg/ha of  S i l v a - F i b e r .

Rates of  n i t r a t e  f e r t i l i z e r  (FERT), were based on the  

t o t a l  Kjeldahl  Nitrogen (TKN) a n a l y s i s  o f  EKO Compost. 

F e r t i l i z e r  r a t e s  were e q u i v a le n t  to  0.7% t o t a l  n i t rogen  by 

weight ,  p r e se n t  in the  two r a t e s  of  EKO Compost, 76 Mg/ha and 

152 Mg/ha, which were app l ied  in t h i s  s tudy.  This r e s u l t e d  in 

f e r t i l i z e r  a p p l i c a t i o n  r a t e s  of  0.51 Mg/ha and 1.02 Mg/ha. The 

g r an u la te d  f e r t i l i z e r  was b roadcas t  by hand and raked i n t o  the  

s o i l  s u r f a c e .

Two c o n t r o l s  (CONT) were used.  CONT I had no amendments 

o r  seed and CONT II  was seeded with the  Basin Creek seed mix. 

No amendments were added to  CONT I I ,  however (Table I ) .

Seed Mix and Rate

The p l o t s  were r o t o t i l i e d  to  a depth o f  7 to  10 cm f o r  

seed bed p r e p a r a t i o n .  Al I p l o t s  were b roadcas t  seeded by hand 

with the  Basin Creek Mine seed mix (Table 2 ) .  Seed was l i g h t l y  

raked i n t o  the  amended su r fa ce  s o i l .

26
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Table I .  Treatments and amendment r a t e s  appl ied in June 1991.

TREATMENT PLOT NUMBER AMENDMENT RATE METHOD

EKO II 11,21,29 2.5 cm (152 Mg/ha) Incorpora ted
EKO IS 5,18,30 2.5 cm (152 Mg/ha) Surface
EKO .51 9,14,26 1.25 cm (76 Mg/ha) Incorpora ted
EKO . 5S 3,15,25 1.25 cm (76 Mg/ha) Surface
BOZ I l 2,19,33 2.5 cm (152 Mg/ha) Incorpora ted
BOZ .51 7,12,24 1.25 cm (76 Mg/ha) Incorpora ted
MINCMBO 1,16,23 Basin Reveg Mix Surface
FERT I 8,17,32 NH4NO3 1.02 Mg/ha Surface
FERT .5 6,13,22 NH4 NO3 0.51 Mg/ha Surface
CONT I 10,27,31 No Amendments 

No Seed
None

CONT II 4,20,28 No Amendments 
Seeded

None

Soil and Comoost Samolina

Three samples of salvaged topso i l  and th r e e  compost

samples used in t h i s  s tudy were c o l l e c t e d  in June,  1991 a t  the 

Basin Creek Mine. Samples were taken randomly from s t o c k - p i l e d  

to ps o i l  and bagged compost. Physical and chemical 

c h a r a c t e r i s t i c s  of th ese  samples were analyzed by the so i l  

l a b o ra t o ry  a t  Montana S ta te  Univers i ty  in Bozeman, Montana. 

The parameters  analyzed were pH ( a c i d i t y )  (McLean 1982), EC 

( e l e c t r i c a l  conduc t iv i ty )  (Rhoades 1982), organic mat te r  (Sims 

and Haby 1971), K (potassium) (Knudsen e t  a l . 1982), P 

(phosphorus) (Olsen and Dean 1965), NO3 ( n i t r a t e )  (Simms and



Table 2. Basin Creek Mine seed mix and r a t e .

Common Name S c i e n t i f i c  Name1 kg/ha2
streambank wheatgrass  (v. Sodar) Aaronvron r i par i  urn Scri  bn. & Smith 7.84
s l e n d e r  wheatgrass  (v. Revenue) Elvmus trachvcaulurn fLink) Gould 2.80
redtop Aqro s t i s  s t o l o n i f e r a  L. C

O
C

N
J

meadow f o x t a i l Alonecurus n r a t e n s i s  L. 2.80
mountain brome Bromus c a r i n a t u s  Hook. & Am. 3.92
t u f t e d  h a i r g r a s s Deschamnsia c a e s o i t o s a  L. .56
t a l l  f e scue Festuca arundinacea Schreb. 3.92
sheep fescue Festuca ovina L. 1.40
Canada b l u e g ra ss Poa comoressa L. C

O
C

N
J

c i c e r  mi I kvetch As traaa l  us c i c e r  L. 1.40
b i r d s f o o t  t r e f o i l Lotus c o r n i c u l a t u s  L. 1.40
whi te  dutch c l o v e r Tr i fo l ium reoens L. 1.40

Total 28.00

1 Rumely and Lavin 1991

2 (PLS) Pure Live Seed
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Jackson 1971), and TKN (Bremmer' and Mulvaney 1982). The 

Modified Day Mechanical Technique was used in the t e x t u r a l  

a n a l y s i s  of  these  samples (Day 1965).

Soil  samples were c o l l e c t e d  in September of  1992 on t h r e e  

o f  the  amended study p l o t s  which appeared to have the g r e a t e s t  

v e g e t a t i v e  cover and product ion ,  (P lo t  9, EKO 0.5 I;  Plot  11, 

EKO I I;  P lo t  19 BOZ I I ) .  Three so i l  samples were a l so  

c o l l e c t e d  in an area adjacen t  to the  study s i t e .  This area had. 

been t o p s o i l e d  but had not been amended. These samples were 

taken from the su r fa ce  to a depth of  10 cm.

Penetrometer  Measurements

To qu an t i fy  so i l  c r u s t  s t r e n g t h  a t  the study s i t e ,  pocket  

penet rometer  measurements were made on July  20 and August 31, 

1992. Penetrometers  measure the r e s i s t a n c e  of  so i l  to v e r t i c a l  

p e n e t r a t i o n  in kilograms per  square c e n t i m e t e r . T e n  randomly 

s e l e c t e d  lo c a t i o n s  per  p l o t  were sampled.

P r e c i p i t a t i o n  Measurements

The Basin Creek Mine mainta ins  a meteorological  s t a t i o n  

approximately th ree  k i lometers  from the s tudy s i t e .  Mean 

annual p r e c i p i t a t i o n  between 1988 and 1992 was recorded a t  

t h i s  s t a t i o n .  Daily records  and monthly summaries ,for 1988- 

1992 are located  in Appendix A. No so i l  mois ture  informat ion 

was gathered a t  the time penetrometer  readings  were taken.
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Vegetat ive Samolino

Seedl ing d e n s i t y  was examined a t  t h r e e  to  s ix  week 

i n t e r v a l s  i n . J u l y ,  August,  and September 1991. Density was 

es t imated  by count ing seed l ing  numbers i n s i d e  ten 20 by 50 cm 

frames located  a t  p r e - s e l e c t e d  po int s  along diagonal  t r a n s e c t s  

in each p l o t  (Figure 3) .  P lant  cover was determined in 

September 1992. Cover es t imates  were made to  the n e a re s t  

pe rcen t .  Cover was es t imated  in f i v e  20 by 50 cm frames p r e ­

se l e c t e d  along t r a n s e c t  (I)  wi thin each p l o t .  Above-ground 

■plant product ion was determined in September 1992 by c l ipp ing  

above-ground biomass in. f iv e  20 by 50 cm frames located along 

t r a n s e c t  (I)  in each t e s t  p lo t .

Transect  one ( I)  was e s ta b l i s h e d  by s t r e t c h i n g  a s t r i n g  

l i n e  from the so u th e as t  to  the nor thwest  corner  of  each p l o t .  

Five p r e - s e l e c t e d  po in t s  were marked on the  l i n e  a t  i n t e r v a l s  

of  104 cm, 126 cm, 147 cm, 170 cm and 191 cm. Transec t  two (2) 

used the same spacing as one ( I ) ,  however, the  l i n e  was 

s t r e t c h e d  from the n o r t h e a s t  to the  southwest  corner  of  each 

p l o t .  '

Nonseeded Pl ants

Nonseeded p la n t  species  were c o l l e c t e d  from the s tudy 

p l o t s  dur ing the  two f i e l d  seasons ,  1991 and 1992. These 

p la n t s  were not p a r t  of  the  seed mix used a t  the  Basin Creek 

Mine or in t h i s  experiment .



S t a t i s t i c a l  Analvs is

31

All data se t s  were analyzed using a one-way ana lys is  of  

va r iance  comparison t e s t  on means (Student-Newman-Keuls). 

Mult ip le  mean comparison was based on Least  S ig n i f i c a n t  

Dif fe rences  (LSD) a t  a s ign i f i c anc e  level  of  0.05.

Figure 3. Vegetat ive t r a n s e c t  design.
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Soi I and Compost Samol I no 

P ro p e r t i e s  of  Compost and ToosoiI

Data from compost samples had a higher  t r end in pH, EC, 

o rganic  ma t te r  and n u t r i e n t  content  than the topsoi l  samples 

(Table 3) .  Several chemical d i f fe re n c e s  were found between the 

two composts.  Bozeman compost had higher  pH, EC, and 

potassium content  than EKO compost. However, g r e a t e r  organic 

ma t te r  content  and phosphorus l e v e l s  were found in EKO 

compost.  These v a r i a t i o n s  could be a t t r i b u t e d  to d i f fe re nce s  

in the  composted m a t e r i a l s  and p rocesses .

Table 3. P ro pe r t i e s  of  salvaged top so i l  and compost 
amendments(mean of th ree  samples ) .

pH EC Organic Soil Soil NO3-N TKN
Matter K P

Amendments mmhos/cm % mg/kg mg/kg mg/kg %

Topsoil 4.9 0.03 2.5 117 12.6 <0.1 0.036

EKO 6.6 1.74 54.7 955 359.8 420.2 0.669

BOZ 7.4 2.50 9.2* 4080 207.5 444.0 0.563

* Normal values  are 30-60% Organic Matter .
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P r o o e r t i es of  Surface Soi Is

Soil  sample da ta  from compost p l o t s ,  co l l e c te d  in 

September 1992, followed a t rend toward higher  pH, EC, organic  

m a t t e r  and n u t r i e n t  content  than the unamended tops o i l  

samples.  These d i f f e r e n c e s  may be a t t r i b u t e d  to the add i t ion  

of  the compost amendment to the to pso i l  m a t e r i a l .

The most apparent  d i f fe re n c e s  between compost t r ea tments  

were h igher  pH and phosphorus l e v e l s  fo r  the heavier  r a t e  of 

incorpo ra ted  Bozeman compost in comparison with the two EKO 

compost t r ea tments  (Table 4).  Composted EKO p l o t s ,  however, 

had h igher  organic m a t te r  content  and so i l  potassium le v e l s  

than the  Bozeman compost t r ea tment .  These v a r i a t i o n s  are most 

l i k e l y  the  r e s u l t  of  d i f fe re n c e s  in m a te r i a l s  and bulking 

agents  used in the composting process  (Table 4) .

Table 4. Physical  and chemical p r o p e r t i e s  of  su r face  m a te r ia l s  
(mean of th r e e  samples).

pH EC Organic Soil Soil NO3-N TKN
Matter K P

Treatments mmhos/cm % mg/kg mg/kg mg/kg %

EKO 0.51 5.8 0.11 19.47 174 139.3 2.5 0.467

EKO II 5.8 0.12 19.19 194 137.6 1.8 0.431

BOZ II 7.8 0.17 6.97 492 74.2 1.3 0.355

TOPSOIL 5.3 0.05 2.91 114 24.9 <.l 0.057
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Textural  Analvs i s

P r io r  to  d i s tu rba nce  the so i l  a t  the  study s i t e  was 

c l a s s i f i e d  as a Typic Cryoboralf ,  coarse loamy, mixed (Noel 

1989). This so i l  was salvaged from the s i t e  and reappl ied  to 

a depth of  15 to  20 cm. Textural  analyses  of  the samples 

(Table 5) in d ic a t ed  t h a t  the compost t r e a t e d  p lo t s  had a loamy 

t e x t u r e ,  and the  unamended to p so i l e d  area a sandy loam 

t e x t u r e .  The to ps o i l  samples had h igher  sand content  and lower 

s i l t  and c lay con ten t  than the compost amended samples.  

Textural  d i f f e r e n c e s  between the unamended and amended to pso i l  

ma te r ia l  may be a t t r i b u t e d  to added compost.

Table 5. Textural  a n a l y s i s  of so i l  and compost samples.

Surface
Soil
Samples

Sand
%

S i l t
I

Clay
%

Texture

EKO .5 I 48 36 16 I o am
EKO I I 49 35 16 loam
BOZ I I 45 38 17 loam
TOPSOIL 54 32 14 sandy loam

Soi I C r u s t i na

Minesoil  c r u s t i n g  is  the co ns o l i da t ion  of su r fa ce  

p a r t i c l e s  due to e x t e r n a l l y  appl ied fo rces .  Crust  formation 

begins with minesoi l  breakdown due to the force  suppl ied by 

ra indrop  impact .  This impact causes the  t r a n s l o c a t i o n  of  f i n e  

p a r t i c l e s  to the  upper I to 2 mm l a y e r .  Radiant energy of  the



sun d r i e s  t h i s  su r fa ce  l ayer  and cements the t r a n s l o c a t e d  

p a r t i c l e s  i n t o  a hard c r u s t  (Dollhopf and Pos t le  1988, 

McIntyre 1958).

I t  was hypothesized t h a t  so i l  c r u s t i n g  a t  the Basin Creek 

Mine c o n t r i b u t e d  to  poor r e v e g e t a t i v e  success on severa l  

p r ev iou s l y  reclaimed s i t e s  and t h a t  add i t ion  of  organic m a t t e r  

could a l l e v i a t e  t h i s  problem. This hypothesis  was based on 

green house s t u d i e s  con t rac ted  by the  mine (Noel 1990),  

■ l i t e r a t u r e  review of  reclamat ion problems a t  h ig h -e l e va t i on  

s i t e s ,  and obse rva t ions  made a t  t he . s tu dy  s i t e  during the  1991 

f i e l d  season.  Parady (1981) found t h a t  organic mat ter  a d d i t i o n  

decreased c r u s t  s t r e n g t h  by a iding formation of  s t a b l e  s o i l  

aggr ega tes ,  which decreased c lay  adhesion in the sand 

f r a c t i o n .

Penet rometer  Measurements

No s i g n i f i c a n t  d i f f e r e n c e s  were found in J u l y  

pene tromete r  measurements which would i n d i c a t e  a t rend towards 

weaker c r u s t s  with the  addi t ion  of  a compost amendment (Table 

6) .  In August the EKO 2.5 cm sur fa ce  and incorpora ted  

t r ea tm en ts  did have s i g n i f i c a n t l y  l e s s  c r u s t  s t r eng th  than a l l  

o t h e r  t r e a tm e n t s .  Al I compost t r ea tments  had l ess  c r u s t
p '  ■

s t r e n g t h  than the f e r t i l i z e r  t r ea tments  and con t ro l s  with the  

except ion of  the  Mine Combo t r ea tment .  No c o r r e l a t i o n s  were 

found by r eg res s i n g  penetrometer,  r eadings  aga ins t  v e g e t a t i v e  

d e n s i t y ,  cover ,  or product ion da ta .

35
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Table 6. Mean penetrometer  readings from Ju ly  and August 1992 
in kg/cm2. (N=30)

Treatment July  Mean ± I S.D. August Mean ± I S.D.
CONT II 3.73a1 0.98 3 .80a1 0.95
MINECMB 3.56ab 0.95 4.03a 0.74
EKO .5$ 3 . 38ab 1.07 3.04a 0.97
BOZ II 3.08ab 0.97 3.18a 1.09
FERT I 3 . 06ab 1.09 3.49a 1.11
BOZ .51 2.93bc 0.90 3.43a 0.94
EKO .51 2.89bc 0.77 3.00a 0.96
CONT I 2.86bc 1.13 3.64a 0.93
FERT .5 2.83bc 1.14 3.51a 1.07
EKO II 2.28c 0.79 2.04b 0.82
EKO IS 2.24c 0.79 1.75b 0.74

Means followed by the same l e t t e r  in the same column 
i n d i c a t e  no s i g n i f i c a n t  d i f fe re n c e  (P=0.05) .

Penetrometer  means fo r  August were c o n s i s t e n t l y  h igher  

than Ju l y  readings.  Parady (1981) found t h a t  c r u s t  s t r e n g t h  

inc reased  with decreas ing  mois ture content .  No so i l  mois ture  

informat ion  was gathered a t  the time penetrometer  r eadings  

were taken.  However, d a i l y  p r e c i p i t a t i o n  data  (Appendix A) 

from the Basin Creek Mine in d ic a t es  l e ss  p r e c i p i t a t i o n  f e l l  in 

the  time period p r i o r  to  the August penetrometer  readings than 

in the same time per iod p r i o r  to the July  readings .
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P r e c i p i t a t i o n

Forty t h r e e  days elapsed between penetrometer  

measurements taken on Ju l y  20th and August 31, 1992. During 

t h a t  per iod of  t ime 36.8 mm of p r e c i p i t a t i o n  were recorded.  In 

the  43 days p r i o r  to  Ju l y  20, 1992 a t o t a l  of  198.1 mm of 

p r e c i p i t a t i o n  f e l l  a t  the mine s i t e .  This v a r i a t i o n  in 

p r e c i p i t a t i o n  between the  time per iods  when penetrometer  

r eadings  were taken may explain the changes in c r u s t  s t r en g th .

P r e c i p i t a t i o n  was below the f iv e  year  average for  the two 

years  in which t h i s  s tudy was conducted (Table 7).  Extreme 

v a r i a b i l i t y  in c l i m a t i c  condi t ions  over the  sh o r t  durat ion of 

t h i s  s tudy make i t  extremely d i f f i c u l t  to  c o r r e l a t e  

p r e c i p i t a t i o n  and p l a n t  growth. Brown e t  a l . (1984) found 

s t rong v a r i a b i l i t y  in c l im a t i c  condi t ions  a t  a h igh-e le va t io n  

s i t e  from year  to yea r .  These r e se a r c h e r s  suspected t h a t  

v a r i a t i o n  in p r e c i p i t a t i o n ,  snowpack accumulat ion,  and 

t emperature  during the  growing season had a g r e a t e r  in f luence 

on v e g e ta t iv e  growth than the f e r t i l i z e r  t r ea tments  being 

app l ied .

Table 7. Mean annual p r e c i p i t a t i o n  from 1988-1992 in mm.

Year1 1988 1989 1990 1991 1992 5 Year/Mean

P r e c i p . 672 818 582 536 . 435 594
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Nonseeded Pl ants

These int roduced weedy species  could have been 

t r a n s p o r t e d  to the s i t e  through a v a r i e t y  of  means (Table 8 ) .  

The s tudy s i t e  is  a reclaimed haul road with an ac t ive  haul 

road 30 m from the s tudy p l o t s .  Passing veh ic les  and heavy 

equipment working on the  mine may have d i spersed  the seeds .  

The commercial seed mix or  Bozeman and EKO composts could a l so  

be sources  of  contaminat ion.

The de s t r u c t i o n  of  weed seeds and p la n t  pathogens in the  

composting process i s  dependent on the  heat  of decomposit ion 

genera ted  by the composting opera t ion .  Compost must be exposed 

to high temperatures  (66-71°C) in the  i n t e r i o r  of the p i l e  

long enough to des t roy v ia b le  weed seeds.  Since a l l  p a r t s  of  

the  p i l e  may not achieve t h i s  temperature range, the  

i n t r o d u c t i o n  of  l arge q u a n t i t i e s  of  weedy p lan t s  in to  compost 

p i l e s  should be avoided (Rosen e t  a l . 1989).

Table 8. Nonseeded p la n t s  (Hitchcock and Cronquist  1974).

Common Name S c i e n t i f i c  Name Plot Treatment
ch ea tg ras s Bromus tectorum I. 12 BOZ .5 I
ch e a tg r as s Bromus tectorum L. 19 BOZ I I
mustard Descura in ia soohia L. 07 BOZ .5 I
pale alyssum Alvssum a l vssoides L. 12 BOZ .5 I
pennycress Thlasoi arvense L. 24 BOZ .5 I
bul l  t h i s t l e Cir s i urn vuloare S a v i . 30 EKO I I
pigweed Amaranthus r e t r o f l exus L. 30 EKO I I
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In September 1991, the MINECOMBO trea tment  had 

s i g n i f i c a n t l y  g r e a t e r  g rass  and forb seedl ing  d e n s i t i e s  than 

a l l  o th e r  t r ea tment s .  Al I compost amendments had s i g n i f i c a n t l y  

g r e a t e r  g rass  and forb seed l ing  d e n s i t i e s  than the c o n t ro l s  

and f e r t i l i z e r  t r ea tments  (Table 9) .

Table 9. Mean seedl ing d en s i ty  (m2) in September, 1991 (N=15).

Treatment
Grass
Mean1

Seedl ings 
± I S.D.

Forb
Mean1

Seedl ings 
± I S.D.

MINECOMBO 301a 19.4 94a 12.4
BOZ II 233b 13.9 54b 4.4
EKO II 218b 12.1 33b 2.8
EKO .55 190b 9.4 48b 6.1
EKO .51 185b 12.1 40b 4.7
EKO IS 178b 12.9 15b 2.1
BOZ .51 170b 10.8 41b 3.6
CONT II 97c 5.1 5b 0.6
FERT .5 41c 2.7 Ob 0.0
CONT I 33c 2.3 Ob 0.0
FERT I 30c 3.5 Ob 0.0

Means followed by the  same l e t t e r  in the same column have 
no s i g n i f i c a n t  d i f f e r e n c e  (P=0.05).

Cover

Cover i s  an important  f a c t o r  in successful  r e ve g e ta t io n .  

I t  i s  an i n d i c a t o r  of how much e ros ion  p r o tec t io n  the su r fa ce  

r ec e iv es  from p lant  l eaves .  Cover data  co l l e c te d  in September



1992 are presented  in Table 10. P lo ts  t r e a t e d  with Bozeman 

compost y ie lded  s i g n i f i c a n t l y  g r e a t e r  t o t a l  cover than o the r  

t r ea tments  when appl ied  a t  a r a t e  of  2.5 cm and incorporated 

7 to  10 cm. Total g rass  cover on p l o t s  in which 2.5 cm of  EKO 

compost were incorpora ted  was s i g n i f i c a n t l y  h igher  than on the 

o t h e r  p l o t s .  Total forb cover was s i g n i f i c a n t l y  g r e a t e r  on 

p l o t s  with 2.5 cm of  incorporated  Bozeman compost. 

Incorpora ted compost t r ea tments  produced g r e a t e r  cover than 

su r fa ce  appl ied compost,  f e r t i l i z e r ,  and cont rol  t rea tments  

(Table 10).

40

Table 10. P lant  cover in September, 1992 (N=15).

Treatment
Total
Cover(%)

± I 
S.D.

Grass
Cover(%)

± I 
S.D.

Forb
Cover(%)

± I 
S.D.

BOZ II 50.5a1 24.3 20.6bc 12.1 29.9a 28.Z
EKO II 40.lab 12.Z 39.1a 13.8 1.5b 3.0
EKO .51 28.9bc 20.9 26.lab 19.2 2.8b 6.Z
BOZ .51 26.6bc 1Z.2 15.3bc 8.2 11.4b 15.0
EKO IS 25.3bc 15.9 25.lab 15.8 0.0b 0.5
MINECMB 21.Obcd 18.9 20.Ibc 18.3 0.8b 1.8

OL
U

(Z
)

m 19.Zbcd 9.3 18.9bc 8.8 0.3b 1.5
FERT .5 11.Zed 5.8 ll.Sbc 5.9 0.1b 1.0
FERT I Z.9cd 9.0 Z.9bc 9.0 0.0b 0.0
CONT II 4.5cd 4.5 4.5bc 4.5 0.0b 0.0
CONT I 0.6d 2.1 0.6c 2.1 0.0b 0.0

Means followed by the same l e t t e r  in the  same column 
i n d i c a t e  no s i g n i f i c a n t  d i f fe re n c e  (P=0.05)



41

The fol lowing four  grass  species  had higher  cover va lues  

and were p r ese n t  in a wider range of  t r ea tment  and amendment 

r a t e s  than a l l  o th e r  grass  species  p lanted;  Festuca 

a ru n d in a ce a . Festuca o v in a . Elvmus trachvcaulurn. Poa 

compressa.  Forb cover was low in a l l  t r ea tments  with the  

excep t ion  of  T r i fol im r e o e n s . This spec ies  had s i g n i f i c a n t l y  

h igher  pe rcen t  cover in Bozeman compost I and 0.5 r a t e s  

in c or po ra t e d ,  than in o the r  t r ea tments  (Table 11).

Production

Bozeman compost appl ied a t  the  2.5 cm r a t e  had 

s i g n i f i c a n t l y  g r e a t e r  t o t a l  product ion in September 1992 than 

any o th e r  t r ea tment  (Table 12). There was a general  t r end in 

the  data  with incorpora ted  compost t r ea tments  y ie ld in g  g r e a t e r  

p l a n t  product ion than sur fa ce  appl ied  compost, f e r t i l i z e r ,  and 

con trol  p l o t s .

The fol lowing four  grass  species  had the h ig hes t  

p roduct ion and were p rese n t  in a wider range of  t r ea tment  and 

amendment r a t e s  than a l l  o the r  grass  species  planted;  Festuca 

a r un d in a c e a . Elvmus trachvcaulurn. Poa compressa. Festuca ovina 

. Forb product ion was low fo r  a l l  spec ies  and in a l l  

t r e a t m e n t s .  T r i f o l i urn reo en s . however, had s i g n i f i c a n t l y  

g r e a t e r  product ion in p l o t s  t r e a t e d  with incorporated  Bozeman 

compost a t  the  I and 0.5 r a t e s  (Table 13).  Two grass  spec ies
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■ p re s e n t  in the  seed mix, Alooecurus o r a t e n s i s  and Deschampsla 

c a e s p i t o s a ,  were not  found growing on the  p l o t s .  Bromus 

ca r i  natus  and the  forb  Astragal  us. ci cer  were i d e n t i f i e d  

growing in the  p l o t s ,  but  in low numbers.



Table 11. Percent  cover  by sp e c ie s  f o r  d i f f e r e n t  t r ea tmen ts  in September, 1992 (N=15).

Treatment Agri Eltr Agst Alpr Brca Deca Fear Feov Poco Asci Loco Trre

EKO II 5.3 7.4 0.0 0.0 0.1 0.0 15.8 3.6 6.1 0.0 0.5 0.8

EKO .51 2.2 2.6 4.9 0.0 0.2 0.0 6.7 6.1 3.0 0.0 2.8 0.0

EKO IS 1.6 5.7 0.3 0.0 0.0 0.0 9.7 1.6 5.7 0.0 0.0 0.0

EKO .55 0.6 3.6 1.6 0.0 0.3 0.0 5.7 5.2 1.2 0.0 0.8 0.0

BOZ II 0.1 2.1 0.2 0.0 0.0 0.0 17.1 0.6 0.8 0.0 0.7 28.1

BOZ .51 0.1 2.8 0.7 0.0 0.0 0.0 8.9 1.1 1.6 0.5 0.0 9.7

MINECMB 0.0 0.9 5.8 0.0 0.7 0.0 5.0 3.6 4.1 0.0 0.0 0.1

FERT I 0.0 3.4 0.9 0.0 0.0 0.0 0.1 2.9 0.6 0.0 0.0 0.0

FERT .5 0.0 1.4 0.3 0.0 0.3 0.0 2.7 5.3 1.3 0.0 0.3 0.0

CONT I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0

CONT II 0.0 0.0 0.1 0.0 0.0 0.0 0.1 3.0 0.7 0.0 0.0 0.0

TOTAL 9.9 29.9 14.5 0.0 1.6 0.0 71.8 33.5 25.1 0.5 5.4 38.7
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Table 12. Total p la n t  product ion (kg/ha oven d r ied  weight) 
c o l l e c t e d  in September 1992 (N=15).

Treatment
P lant  Production 

kg/ha ± I S.D.

EKO II 534ab 2.6
BOZ 1/21 391bc 3.9
EKO IS 265bc 2.7
EKO 1/21 251bc 2.2
MINECMB 173c 2.0
EKO 1/2S 150c 1.4
FERT 1/2 75c 0.8
FERT I 67c 1.3
CONT II 9c 0.2
CONT I 3c 0.1

1 Total p l a n t  product ion values followed by the  same l e t t e r  
in the same column i n d i c a t e s  no s i g n i f i c a n t  d i f fe re n c e  
(P=O.05) .



Table 13. Biomass p roduct ion by spe c ies  f o r  d i f f e r e n t  t r ea tment s  in kg/ha

TREATMENT Agri Eltr Agst Al pr Brca Deca Fear Feov Poco Asci Loco Trre

EKO II 95.6 116.1 0.0 0.0 0.0 0.0 251.9 8.5 60.3 0.0 22.3 1.2

EKO .5 I 19.6 30.7 66.3 0.0 0.0 0.0 78.1 22.7 22.3 0.0 11.0 0.0

EKO IS 10.4 52.8 0.0 0.0 0.0 0.0 140.0 7.5 54.1 0.0 3.7 0.0

EKO .5 S 2.3 41.2 13.2 0.0 0.0 0.0 52.6 38.6 1.8 0.0 0.0 0.0

BOZ II 0.0 29.5 0.0 0.0 0.0 0.0 250.9 0.0 31.2 0.0 0.0 425.8

BOZ .5 I 0.0 54.7 4.4 0.0 0.0 0.0 147.8 2.9 10.5 0.0 0.0 167.1

MINECMBO 0.0 7.7 37.2 0.0 0.0 0.0 57.8 22.3 47.9 0.0 0.0 0.0

FERT I 0.0 38.8 7.9 0.0 0.0 0.0 0.0 16.3 4.7 0.0 0.0 0.0

FERT .5 0.0 11.4 1.7 0.0 1.3 0.0 24.1 28.8 6.1 0.0 0.0 0.0

CONT I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0

CONT II 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.7 0.0 0.0 0.0 0.0

TOTAL 127.9 382.9 130.7 0.0 1.3 0.0 1003.2 159.3 238.9 0.0 37.0 594.1
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The EKO compost and Bozeman municipal  lawn waste compost 

produced b e n e f i c i a l  e f f e c t s  on p la n t  d e n s i t y ,  cover ,  and 

product ion  a t  a high e l e v a t i o n  mine s i t e .  P lo t s  t r e a t e d  with
t

two heavy r a t e s  of  commercial n i t rogen  f e r t i l i z e r  and p l o t s  

r e c e iv in g  unamended top so i l  had s i g n i f i c a n t l y  lower p l a n t  

d e n s i t y ,  cover ,  and p roduc t ion .  Inc o rp o ra t in g  the  compost 10 

cm i n t o  the  su r f a c e  horizon g e n e ra l l y  produced g r e a t e r  

v e g e t a t i v e  growth dur ing t h e  second season than su r f a c e  

a p p l i c a t i o n s .  Penet rometer  t e s t s  in Ju ly  and August of  1992 

i n d i c a t e d  a general  t r end  towards l e s s  s o i l  c r u s t  format ion 

with the  a d d i t i o n  o f  compost.

Total  g ras s  cover  and product ion were s i g n i f i c a n t l y  

g r e a t e r  on p l o t s  amended with 2 .5 cm of  EKO compost and then 

in c orpo ra te d  i n t o  the  so i l  s u r f a c e .  Forb cover  and product ion 

were s i g n i f i c a n t l y  h igher  on p l o t s  in which 2 .5  cm of  Bozeman 

compost were i n c or po ra t e d .  Analys is  of  so i l  samples from the  

most v e g e t a t i v e l y  p roduct ive  p l o t s  and an a d j a c e n t ,  unamended, 

t o p s o i l e d  area  i n d ic a t e d  d i f f e r e n c e s  in pH, EC, n u t r i e n t  

c o n t e n t ,  o rgan ic  m a t t e r  l e v e l s ,  and so i l  t e x t u r e .  Di f fe rences  

in chemical and physical  p r o p e r t i e s  between the  two composts 

and the  , salvaged to ps o i l  u t i l i z e d  in t h i s  s tudy may have 

c o n t r i b u t e d  to  the  v a r i a t i o n  in g r ass  and fo rb  growth on the  

p l o t s .
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Festuca a r und ina cea . Elvmus t rachvcaulurn. Poa comoressa. 

and Festuca ovina had the  h ighes t  product ion and cover of  a l l  

the  g r asses  p lan ted .  They a l so were p rese n t  in a wider range 

o f  t r ea tm en t  and amendment r a t e s  than a l l  o th e r  grass  sp ec ie s .  

Forb p roduct ion and cover were low in a l l  t r ea tments  with the 

except ion of  T r i f o l i urn r e o e n s . which had s i g n i f i c a n t  growth in 

p l o t s  amended with Bozeman compost.

Several  p la n t s  of  in t roduced weedy specie's not found on 

the  mine s i t e  were observed growing on the  study p l o t s .  These 

p l a n t s  could have been t r a n sp o r te d  to  the  s i t e  by several  

means, one of  which was contaminated compost. The ma jor i ty  of 

weedy p l a n t s  were found on p lo t s  amended with Bozeman compost. 

Al I amendments t r a n s p o r te d  to h ig h -e le va t i on  s i t e s  should be 

c l a s s i f i e d  weed f re e  to prevent  in t r oduc t io n  of  weedy s p e c i e s .

Resul ts  from t h i s  f i e l d  s tudy suggest  t h a t  composted 

municipal  wastes enhance the es tab l i shment  and growth of  

herbaceous cover on t h i s  d i s t u rbed  high e l ev a t io n  s i t e .  The 

use of  composted m a t e r i a l s  fo r  reclamat ion i s  in i t s  infancy.  

Fur the r  r es ea rch  i s  needed to understand how d i f f e r e n t  types 

and r a t e s  of  composted municipal wastes can be u t i l i z e d  as an 

ammendment in the  successfu l  reclamat ion of  h igh-e lev a t ion  

d i s t u rb a n c e s .
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APPENDIX A 

ABBREVIATIONS
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Table 14. P lant  spec ies  ab brev i a t io ns .

S c i e n t i f i c  Name1 Abbrevia t i on
Aaroovron r i pari  urn Scri bn. & Smith AGRI
Elvmus trachvcaulurn CLinkl Gould ELTR
A a r o s t i s s t o l o n i f e r a  L. AGST
Alooecurus o r a t e n s i s  L. ALPR
Bromus c a r i n a t u s  Hook. & Am. BRCA
Deschamosia c a es o i to sa  L. DECA
Festuca arundinacea Schreb. FEAR
Festuca ovina L. FEOV
Poa compressa L. POCO
Astraaal  us c i c e r  L. ASCI
Lotus co r n ic u la tu s  L. LOCO
Tri fol ium reoens L. TRRE

1 Rumely and Lavin 1991
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APPENDIX B 

PRECIPITATION



Table 15. Monthly p r e c i p i t a t i o n  da ta  in cm from the Basin Creek Mine (1988-1992).

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1988 3.2 3.5 8 .9 8.5 2.7 1.7 1.5 0.0 7.9 0.0 6.0 0.0
1989 4.1 2.1 7.1 2.2 4.9 6.3 4.9 7.5 3.2 4.5 2.4 4.6
1990 3.5 2.2 4.2 5.4 8.1 5.8 2.9 8 .3 0.9 6.1 8.2 2 .8
1991 7.0 3.2 8 .2 16.1 11.2 7.6 2.6 2 .0 5.1 3.0 7.6 8.0
1992 4.3 1.9 4.9 6.2 4.0 16.5 5.3 2.6 2.3 10.9 4.7 3.7

C T lO
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Table 16. Analysis of  variance for penetrometer readings.

Month Source DF MS F-va lue P-va lue
J u ly Treatment 10 6.4 7.25 0.0001
Ju ly Plot 2 1.6 1.85 0.0127
August Treatment 10 1.5 9.96 0.0001
August Plot 2 0.3 2.06 0.1535

Table I:7. Analysis of  var iance  fo r  p lan t  dens i ty .

Pl ant Source DF MS F-va lue P-v a lue
Grass Treatment 10 243.7 22.08 0.0001
Grass Plot 2 30.8 2.79 0.0855
Forb Treatment 10 26.4 6.69 0.0001
Forb Plot 2 0.2 0.04 0.9599

Table 18. Analysis of  var iance  fo r  cover in 1992.

Cover Source DF MS F-va lue P-va lue

Total Treatment 10 691.9 8.09 0.0001
Total Plot 2 45.0 0.53 0.5985

Grass Treatment 10 361.2 6.00 0.0003
Grass Plot 2 34.1 0.57 0.5759
Forb Treatment 10 248.0 6.35 0.0002
Forb Plot 2 18.8 0.48 0.6249

Table 19. Analysis of  var iance fo r  to ta l p lan t  product ion.

Product ion Source DF MS F-va lue P - v a l ue

Total  Treatment 10 16.8 7.75 0.0001

Total Plot 2 1.8 0.85 0.4417



Table 20. Analysis  of var iance for  p lan t cover  by sp e c i e s .

Species Source DF MS F -v a lue P-v a lue
Agri Treatment 10 8.18 3.52 0.0080
Agri Plot 2 7.33 3.16 0.0643
E l t r Treatment 10 15.79 4.14 0.0033
E l t r Plot 2 1.11 0.29 0.7516
Agst Treatment 10 12.49 1.40 0.2512
Agst Pl Ot 2 0.64 0.07 0.0937
Brca Treatment 10 0.16 1.06 0.4370
Brca Plot 2 0.12 0.81 0.4604
Fear Treatment 10 107.45 5.48 0.0006
Fear Pl Ot 2 44.74 2.28 0.1280
Feov Treatment 10 11.40 1.85 0.1162
Feov Plot 2 3.07 0.05 0.6146
Poco Treatment 10 13.75 1.90 0.1071
Poco Pl Ot 2 9.00 1.24 0.3103
Asci Treatment 10 0.08 1.01 0.4681
Asci Plot 2 0.09 1.11 0.3475

Loco Treatment 10 2.54 1.05 0.4395
Loco Plot 2 0.91 0.38 0.6915
Trre Treatment 10 225.0 7.75 0.0001
Trre Pl Ot 2 26.34 0.91 0.4196



Table 21. 
s p e c ie s .

Analysis of var iance fo r p la n t  product ion by

Species Source DF MS F-va lue P-va lue
Agri Treatment 10 0.24 3.23 0.0123
Agri Plot 2 0.13 1.75 0.1989
E l t r Treatment 10 0.33 2.42 0.0447
E l t r Plot 2 0.08 0.63 0.5410
Agst Treatment 10 0.13 0.92 0.5373
Agst Plot 2 0.05 0.36 0.7002
Brca Treatment 10 0.01 0.94 0.5207
Brca Pl Ot 2 0.01 0.32 0.7272
Fear Treatment 10 2.67 6.11 0.0003
Fear Plot 2 1.16 2.66 0.0945
Feov Treatment 10 0.05 1.85 0.1158
Feov Pl Ot 2 0.03 1.03 0.3760
Poco Treatment 10 0.16 1.98 0.0933
Poco Pl Ot 2 0.28 3.46 0.0512
Asci Treatment 10 0.00 0.00 0.0000
Asci Pl Ot 2 0.00 0.00 0.0000
Loco Treatment 10 0.02 3.07 0.0158
Loco Pl Ot 2 0.01 0.81 0.4570

Trre Treatment 10 5.31 6.43 0.0002

Trre Plot 2 0.68 0.82 0.4535



Table 22. Standard deviat ion for biomass production by spec ies  and treatments.

TREATMENT Agri Eltr Agst Alpr Brca Deca Fear Feov Poco Asci Loco Trre
EKO II 1.7 1.4 0.0 0.0 0.0 0.0 2.6 0.1 0.9 0.0 0.0 0.1
EKO .5 I 0.4 0.8 1.5 0.0 0.0 0.0 0.9 0.5 0.5 0.0 0.4 0.0
EKO IS 0.2 0.9 0.0 0.0 0.0 0.0 2.9 0.2 0.7 0.0 0.0 0.0
EKO .5 S 0.1 0.5 0.3 0.0 0.0 0.0 1.3 0.6 0.1 0.0 0.0 0.0
BOZ II 0.0 0.7 0.0 0.0 0.0 0.0 2.1 0.0 0.9 0.0 0.3 5.0
BOZ .5 I 0.0 1.0 0.2 0.0 0.0 0.0 1.6 0.1 0.3 0.0 0.1 2.6
MINECMBO 0.0 0.2 0.7 0.0 0.0 0.0 0.9 0.3 0.7 0.0 0.0 0.0
FERT I 0.0 1.3 0.3 0.0 0.0 0.0 0.0 0.4 0.5 0.0 0.0 0.0
FERT .5 0.0 0.4 0.1 0.0 0.1 0.0 0.6 0.5 0.2 0.0 0.0 0.0
CONT I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
CONT 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0



Table 23. Standard deviat ion for cover by spec ies  and treatments.

Treatment Agri Eltr Agst Al pr Brca Deca Fear Feov Poco Asci Loco Trre
EKO II 8.6 6.7 0.0 0.0 0.4 0.0 13.1 2.8 6.6 0.0 1.0 0.8
EKO .51 3.0 4.4 8.3 0.0 0.8 0.0 9.6 9.0 3.2 0.0 6.7 0.0
EKO IS 2.3 5.6 1.0 0.0 0.0 0.0 15.0 2.5 8.1 0.0 0.0 0.0
EKO .55 1.7 2.2 2.9 0.0 0.9 0.0 7.0 5.7 1.7 0.0 1.6 0.0
BOZ II 0.5 3.4 0.6 0.0 0.0 0.0 12.1 1.3 2.1 0.0 2.6 29.2
BOZ .51 0.3 3.7 1.8 0.0 0.0 0.0 9.6 2.1 2.3 0.4 2.6 14.3
MINECMB 0.0 1.6 10.2 0.0 1.3 0.0 8.4 4.3 4.6 0.0 1.4 0.1
FERT I 0.0 8.9 2.2 0.0 0.0 0.0 0.3 4.6 2.1 0.0 0.0 0.0
FERT .5 0.0 3.9 1.3 0.0 1.0 0.0 4.8 5.5 2.4 0.0 0.0 0.0
CONT I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0
CONT II 0.0 0.0 0.3 0.0 0.0 0.0 0.3 3.6 1.2 0.0 0.0 0.0

cn
C T l
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Table 24. Grass cover(%) in September 1992.

Frame
Plot I 2 3 4 5

I 0.5 18.0 35.0 2.0 1.0
2 32.0 20.0 30.0 45.0 15.0
3 12.0 30.0 14.0 8.0 20.0
4 3.0 1.5 8.0 1.0 4.0
5 8.0 36.0 15.0 23.5 1.0
6 4.0 15.0 4.0 16.0 15.0
7 13.0 11.5 12.0 22.0 12.0
8 0.0 5.0 4.0 2.0 11.5
9 30.0 45.0 16.0 65.0 59.0

10 0.0 0.0 0.0 0.0 0.0
11 45.0 39.0 38.0 30.0 68.0
12 18.0 10.0 17.0 6.0 8.0
13 3.0 15.0 14.0 6.0 6.0
14 15.0 36.0 38.0 32.0 8.0
15 16.0 15.0 34.0 32.0 10.0
16 2.0 23.0 29.0 22.0 26.0
17 3.5 14.0 16.0 2.0 11.0
18 19.0 52.0 20.0 30.5 7.0
19 26.0 6.0 15.0 16.0 8.0
20 1.0 1.5 1.5 3.0 1.5
21 18.0 20.0 42.0 23.0 32.0
22 21.0 11.0 20.0 13.0 9.0
23 30.0 7.0 70.0 27.0 8.5
24 24.0 9.0 38.5 17.0 11.0
25 10.0 24.0 25.0 9.0 25.0
26 13.0 11.0 10.0 7.0 7.0
27 0.0 0.0 0.0 0.0 0.0
28 16.0 8.0 6.0 11.0 1.0
29 48.0 39.0 57.0 52.0 35.0
30 14.0 25.0 54.0 30.0 42.0
31 0.0 0.0 0.5 0.0 8.0
32 6.5 3.0 4.5 35.0 0.5
33 22.0 42.0 10.0 10.0 12.0
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Table 25. Forb cover(%) in September 1992.
Frame

Plot I 2 3 4 5
I 0.0 0.0 0.0 0.0 0.0
2 14.0 10.0 0.0 15.0 0.0
3 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0
7 0.0 7.0 25.0 42.0 3.0
8 0.0 0.0 0.0 0.0 0.0
9 0.0 4.0 25.0 0.0 10.0

10 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0 0.0 0.0 0.0
12 0.0 40.0 0.0 4.0 0.0
13 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 1.0 0.0 0.0
15 0.0 4.0 2.0 4.0 2.0
16 0.0 0.0 0.0 4.0 0.0
17 0.0 0.0 0.0 0.0 0.0
18 0.0 0.0 0.0 0.0 0.0
19 10.0 40.0 76.0 44.0 25.0
20 0.0 0.0 0.0 0.0 0.0
21 2.0 10.0 2.0 0.0 7.0
22 0.0 0.0 0.0 0.0 4.0
23 0.0 0.0 2.0 6.0 2.0
24 20.0 25.0 4.0 0.0 0.5
25 0.0 0.0 0.0 0.0 0.0
26 0.5 1.0 0.0 0.0 0.0
27 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0
29 0.0 0.0 1.0 0.0 0.0
30 0.0 0.0 0.0 2.0 0.0
31 0.0 0.0 0.0 0.0 0.0
32 0.0 0.0 0.0 0.0 0.0
33 8.0 12.0 70.0 90.0 34.0
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Table 26. Cover(%) by species  for each frame.
Species

Plot frame AGRI ELTR AGST BRCA FEOV FEAR POCO TRRE LOCO ASCI Total
I I 0 0 0 0 0 0 0 0 0 0 0.0
I 2 0 0 2 0 4 12 0 0 0 0 18.0
I 3 0 2 I 0 4 32 0 0 0 0 35.0
I 4 0 0 0 0 0 2 0 0 0 0 2.0
I 5 0 0 0 0 0 I 0 0 0 0 1.0
2 I 0 0 0 0 0 32 0 14 4 0 50.0
2 2 0 0 0 0 0 20 0 10 0 0 30.0
2 3 0 0 0 0 0 30 0 0 0 0 30.0
2 4 0 0 0 0 2 35 8 15 0 0 60.0
2 5 0 0 0 0 3 10 2 0 0 0 15.0
3 I 0 0 0 0 4 8 2 0 0 0 12.0
3 2 0 7 0 3 20 0 0 0 0 0 30.0
3 3 0 4 0 0 0 10 0 0 0 0 14.0
3 4 0 0 0 2 2 4 0 0 0 0 8.0
3 5 0 4 0 0 12 4 0 0 0 0 20.0
4 I 0 0 0 0 2 I 0 0 0 0 3.0
4 2 0 0 0 0 0 0 0 0 0 0 0.0
4 3 0 0 0 0 8 0 0 0 0 0 8.0
4 4 0 0 0 0 I 0 0 0 0 0 1.0
4 5 0 0 0 0 4 0 0 0 0 0 4.0
5 I 8 0 0 0 0 0 0 0 0 0 8.0
5 2 3 3 0 0 0 30 0 0 0 0 36.0
5 3 0 15 0 0 0 0 0 0 0 0 15.0
5 4 0 12 0 0 I 10 0 0 0 0 23.0
5 5 0 0 0 0 0 I 0 0 0 0 1.0
6 I 0 0 0 0 2 2 0 0 0 0 4.0
6 2 0 0 0 0 15 0 0 0 0 0 15.0
6 3 0 0 0 0 0 4 0 0 0 0 4.0
6 4 0 0 0 0 4 12 0 0 0 0 16.0
6 5 0 0 0 0 I 14 0 0 0 0 15.0
7 I 0 8 0 0 0 5 0 0 0 0 13.0
7 2 0 I 7 0 2 0 I 0 0 0 18.0
7 3 0 5 0 0 0 7 0 25 0 0 37.0
7 4 0 7 0 0 0 15 0 32 10 0 64.0
7 5 0 10 0 0 I 0 I 0 3 0 15.0
8 I 0 0 0 0 0 0 0 0 0 0 0.0
8 2 0 5 0 0 0 0 0 0 0 0 5.0
8 3 0 4 0 0 0 0 0 0 0 0 4.0
8 4 0 2 0 0 0 0 0 0 0 0 2.0
8 5 0 0 0 0 10 I 0 0 0 0 11.0
9 I 8 0 10 0 0 12 0 0 0 0 30.0
9 2 0 8 30 0 4 0 3 0 4 0 49.0
9 3 0 0 8 0 4 0 4 0 25 0 41.0
9 4 3 0 5 0 12 35 10 0 0 0 65.0
9 5 7 15 15 0 12 0 10 0 10 0 69.0
10 I 0 0 0 0 0 0 0 0 0 0 0.0
10 2 0 0 0 0 0 0 0 0 0 0 0.0
10 3 0 0 0 0 0 0 0 0 0 0 0.0
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Table 26. -  Continued.
Plot frame AGRI ELTR AGST BRCA FEOV FEAR POCO TRRE LOCO ASCI Total

10 5 0 0 0 0 0 0 0 0 0 0 0.0
11 I 25 5 0 0 0 0 15 0 0 0 45.0
11 2 0 15 0 0 4 0 20 0 0 0 39.0
11 3 8 0 0 0 5 25 0 0 0 0 38.0
11 4 0 0 0 0 0 30 0 0 0 0 30.0
11 5 15 20 0 0 3 15 5 0 0 0 58.0
12 I I 2 0 0 0 15 0 0 0 0 18.0
12 2 0 8 I 0 0 0 I 40 0 0 50.0

'12 3 0 0 0 0 0 15 2 0 0 0 17.0
12 4 0 0 2 0 0 0 4 0 0 4 10.0
12 5 0 0 0 0 0 0 8 0 0 4 48.0
13 I 0 0 0 0 2 0 0 0 0 0 2.0
13 2 0 15 0 0 0 0 0 0 0 0 15.0
13 3 0 0 0 0 12 0 2 0 0 0 14.0
13 4 0 0 0 0 2 0 3 0 0 0 6.0
13 5 0 3 0 0 3 0 0 0 0 0 6.0
14 I 2 0 I 0 I 8 4 0 0 0 16.0
14 2 2 0 0 0 24 8 2 0 0 0 36.0
14 3 4 0 0 3 28 0 0 0 I 0 36.0
14 4 7 0 0 0 4 18 3 0 0 0 32.0
14 5 0 4 0 0 2 0 2 0 0 0 8.0
15 I 0 0 4 0 8 4 0 0 4 0 20.0
15 2 0 3 0 0 6 0 6 0 4 0 19.0
15 3 0 4 0 0 12 15 3 0 2 0 36.0
15 4 0 4 0 0 5 22 2 0 4 0 36.0
15 5 5 5 0 0 0 0 0 0 0 0 10.0
15 5 5 5 0 0 0 0 0 0 0 0 12.0
16 I 0 0 0 0 0 0 2 0 0 0 2.0
16 2 0 4 5 3 8 0 0 0 0 0 20.0

16 3 0 0 22 0 0 0 4 0 0 0 26.0

16 4 0 5 3 3 6 0 8 0 4 0 26.0
16 5 0 0 2 3 8 5 8 0 0 0 26.0
17 I 0 0 I 0 2 0 0 0 0 0 3.0

17 2 0 0 4 0 2 0 8 0 0 0 14.0

17 3 0 0 0 0 16 0 0 0 0 0 16.0

17 4 0 0 0 0 2 0 0 0 0 0 2.0
17 5 0 0 8 0 3 0 0 0 0 0 11.0

18 I 5 14 0 0 0 0 0 0 0 0 19.0
18 2 2 0 0 0 0 50 0 0 0 0 52.0
18 3 2 4 0 0 7 4 3 0 0 0 20.0

18 4 2 5 I 0 7 2 15 0 0 0 30.0

18 5 2 5 0 0 0 2 0 0 0 0 7.0

19 I 2 5 2 0 4 15 0 10 0 0 36.0
19 2 0 4 I 0 0 I 0 40 0 0 46.0

19 3 0 0 0 0 0 15 0 75 0 0 91.0

19 4 0 4 0 0 0 10 2 40 4 0 60.0

19 5 0 0 0 0 0 8 0 20 5 0 33.0

20 I 0 0 0 0 I 0 0 0 0 0 1.0

20 2 0 0 0 0 I 0 0 0 0 0 1.0

20 3 0 0 0 0 I 0 0 0 0 0 1.0
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T a b l e 2 6 .  -  C o n t i n u e d .

P l o t f r a m e AGRI

20 4 0

20 5 0

21 I 0

21 2 0

21 3 20

21 4 0

21 5 12

22 I 0

22 2 0

22 3 0

22 4 0

22 5 0

23 I 0

23 2 0

23 3 0

23 4 0

23 5 0

24 I 0

24 2 0

24 3 0

24 4 0

24 5 0

2 5 I 0

25 2 0

25 3 0

25 4 0

25 5 0

26 I 0

26 2 0

26 3 0

26 4 0

26 5 0

27 I 0

27 2 0

27 3 0

27 4 0

27 5 0

28 I 0

28 2 0

28 3 0

28 4 0

2 8 5 0

29 I 0

29 2 0

29 3 0

29 4 0

29 5 0

30 I 0

3 0 2 0

30 3 0

30 4 0

ELTR AGST BRCA FEOV

0 0 0 0

0 0 0 0

8 0 0 7

15 0 0 0

4 0 0 4

5 0 0 2

5 0 0 0

3 0 0 18

0 5 0 4

0 0 4 8

0 0 0 5

0 0 0 4

0 15 0 0

0 0 0 5

0 35 2 15

2 2 0 3

0 0 0 I

0 0 0 8

0 0 0 2

0 0 0 I

0 0 0 2

I 0 0 I

2 5 0 I

4 0 0 I

5 8 0 8

4 0 0 0

7 8 0 4

0 3 0 I

3 0 0 0

2 0 0 0

0 I 0 0

7 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 I 0 12

0 0 0 5

0 0 0 3

0 0 0 7

0 0 0 0

2 . 0 0 4

5 0 0 5

3 0 I 8

4 0 0 8

20 0 I 4

2 0 0 2

7 0 0 0

15 4 0 0

0 0 0 3

FEAR P0C0 TRRE LOCO ASCI T o t a l

0 I 0 0 0 1 . 0

0 0 0 0 0 1 . 0

3 0 0 2 0 2 0 . 0

5 0 8 0 0 2 8 . 0

4 10 0 2 0 4 4 . 0

8 8 0 0 0 2 3 . 0

12 3 4 3 0 3 9 . 0

0 0 0 0 0 2 1 . 0

0 2 0 0 0 1 1 . 0

0 8 0 0 0 2 0 . 0

8 0 0 0 0 1 3 . 0

0 5 0 0 0 1 3 . 0

5 10 0 0 0 3 0 . 0

2 0 0 0 0 7 . 0

8 10 0 2 0 7 2 . 0

8 12 2 4 0 3 3 . 0

0 8 0 0 0 8 . 0

12 4 20 0 0 4 4 . 0

4 0 25 0 0 3 1 . 0

35 3 4 0 0 4 2 . 0

15 0 0 0 0 1 7 . 0

10 0 0 I 0 1 3 . 0

I 0 0 0 0 1 0 . 0

18 I 0 0 0 2 4 . 0

0 2 0 0 0 2 3 . 0

2 3 0 0 0 9 . 0

5 I 0 0 0 2 5 . 0

8 I 0 I 0 1 3 . 0

5 I 0 I 0 1 0 . 0

6 I 0 0 0 9 . 0

0 4 0 0 0 5 . 0

0 0 0 0 0 7 . 0

0 0 0 0 0 0 . 0

0 0 0 0 0 0 . 0

0 0 0 0 0 0 . 0

0 0 0 0 0 0 . 0

0 0 0 0 0 0 . 0

0 3 0 0 0 1 6 . 0

0 2 0 0 0 7 . 0

0 2 0 0 0 5 . 0

0 3 0 0 0 1 0 . 0

0 0 0 0 0 0 . 0

40 2 0 0 0 4 8 . 0

25 4 0 0 0 3 9 . 0

30 15 0 I 0 5 8 . 0

30 10 0 0 0 5 2 . 0

10 0 0 0 0 3 5 . 0

0 10 0 0 0 1 4 . 0

0 18 0 0 0 2 5 . 0

20 5 0 0 0 5 4 . 0

2 25 0 0 0 3 0 . 0
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Table 26. - Continued. 
Plot frame AGRI
30 5 0
31 I 0
31 2 0
31 3 0
31 4 0
31 5 0
32 I 0
32 2 0
32 3 0
32 4 0
32 5 0
33 I 0
33 2 0
33 3 0
33 4 0
33 5 0

ELTR
4
0
0
0
0
0
0
0
4 
35
1

12
2 
0 
0
5

AGST
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

BRCA
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

FEOV
4
0
0
0
0
8
6
3
0
0
0
0
0
0
0
0

FEAR POCO TRRE LOCO ASCI Total
25 10 0 0 0 42.0
0 0 0 0 0 0.0
0 0 0 0 0 0.0
0 0 0 0 0 0.0
0 0 0 0 0 0.0
0 0 0 0 0 8.0
0 I 0 0 0 7.0
0 0 0 0 0 3.0
0 0 0 0 0 4.0
0 0 0 0 0 35.0
0 0 0 0 0 1.0
20 0 0 8 0 30.0
40 0 8 4 0 54.0
10 0 70 0 0 80.0
10 0 90 0 0 100.0
I 0 27 4 0 46.0
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Table 27.  Grass d en s i ty .

Frame
Plot I 2 3 4 5

I 29 31 94 42 4
2 42 24 13 46 18
3 14 9 15 16 12
4 5 17 18 14 9
5 25 3 32 18 9
6 3 3 I 0 10
7 18 16 13 17 12
8 14 4 0 3 0
9 12 16 23 8 4

10 I 8 I 6 6
11 24 44 44 14 9
12 16 24 18 32 10
13 5 2 5 2 3
14 22 22 60 32 30
15 12 34 30 28 13
16 20 52 37 24 11
17 I 4 5 5 2
18 21 34 32 44 6
19 29 42 38 36 5
20 5 5 6 4 9
21 22 19 20 42 I
22 3 5 6 2 5
23 33 48 62 40 18
24 24 39 49 35 3
25 18 34 42 39 15
26 34 27 25 18 8
27 5 2 0 6 8
28 5 7 10 12 6
29 34 24 55 20 16
30 24 25 38 32 32
31 3 2 6 2 3
32 I 3 I 0 I
33 16 17 52 38 16



7 4

T a b l e  28.  Forb dens i ty .

Frame
Plot I 2 3 4 5

I 17 7 64 4 0
2 5 5 8 7 3
3 5 5 3 3 I
4 I 2 0 I I
5 3 I 0 3 0
6 0 0 0 0 0
7 2 0 2 4 4
8 0 0 0 0 0
9 8 0 4 I 0
10 0 0 0 0 0
11 8 12 4 3 I
12 4 2 2 6 0
13 0 0 0 0 0
14 2 14 8 12 9
15 0 25 17 16 3
16 7 4 17 4 0
17 0 0 0 0 0
18 3 4 0 0 2
19 12 8 18 10 I
20 0 I I I 0
21 I 2 7 3 I
22 0 0 0 0 0
23 5 15 24 16 7
24 11 18 7 8 0
25 12 8 10 0 3
26 4 4 7 2 0
27 0 0 0 0 0
28 0 0 0 I 0
29 3 6 3 2 2
30 0 3 I 2 10
31 0 0 0 0 0
32 0 0 0 0 0
33 3 2 8 5 3



75

Table 29. Grass density along transect 2.
Frame

Plot I 2 3 4 5
I 29 31 94 42 4
2 42 24 13 46 18
3 14 9 15 16 12
4 5 17 18 14 9
5 25 3 32 18 9
6 3 3 I 0 10
7 18 16 13 17 12
8 14 4 0 3 0
9 12 16 23 8 4
10 I 8 I 6 6
11 24 44 44 14 9
12 16 24 18 32 10
13 5 2 5 2 3
14 22 22 60 32 30
15 12 34 30 28 13
15 20 52 37 24 11
17 I 4 5 5 2
18 21 34 32 44 6
19 29 42 38 36 5
20 5 5 6 4 9
21 22 19 20 42 I
22 3 5 6 2 5
23 33 48 62 40 18
24 24 39 49 35 3
25 18 34 42 39 15
26 34 27 25 18 8
27 5 2 0 6 8
28 5 7 10 12 6
29 34 24 55 20 16
30 24 25 38 32 32
31 3 2 6 2 3
32 I 3 I 0 I
33 16 17 52 38 16



76

T a b l e  30. Forb d en s i ty  along tran sec t  2.

Frame
Plot I 2 3 4 5

I 17 7 64 4 0
2 5 5 8 7 3
3 5 5 3 3 I
4 I 2 0 I I
5 3 I 0 3 0
6 0 0 0 0 0
7 2 0 2 4 4
8 0 0 0 0 0
9 8 0 4 I 0
10 0 0 0 0 0
11 8 12 4 3 I
12 4 2 2 6 0
13 0 0 0 0 0
14 2 14 8 12 9
15 0 25 17 16 3
16 7 4 17 4 0
17 0 0 0 0 0
18 3 4 0 0 2
19 12 8 18 10 I
20 0 I I I 0
21 I 2 7 3 I
22 0 0 0 0 0
23 5 15 24 16 7
24 11 18 7 8 0
25 12 8 10 0 3
26 4 4 7 2 0
27 0 0 0 0 0
28 0 0 0 I 0
29 3 6 3 2 2
30 0 3 I 2 10
31 0 0 0 0 0
32 0 0 0 0 0
33 3 2 8 5 3



Table 31. Production by species.

S p e c i e s

Plot Frame AGRI ELTR AGST BRCA FEOV FEAR POCO TRRE LOCO ASCI Unkn
I I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 5 0

I 2 0 . 0 0 0 . 0 0 0 . 0 8 0 . 0 0 0 . 1 8 0 . 8 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

I 3 0 . 0 0 0 . 2 0 0 . 0 0 0 . 0 0 0 . 1 8 2 . 2 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

I 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

I 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

2 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 . 3 2 0 . 0 0 1 . 0 5 0 . 7 2 0 . 0 0 0 . 0 0

2 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 . 9 1 0 . 0 0 0 . 9 3 0 . 0 0 0 . 0 0 0 . 0 0

2 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 . 8 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

2 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 4 . 0 5 1 . 6 8 2 . 1 3 0 . 0 0 0 . 0 0 0 . 0 0

2 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 1 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

3 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 3 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

3 2 0 . 0 0 1 . 3 7 0 . 0 0 0 . 0 0 1 . 1 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

3 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 3 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

3 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

3 5 0 . 0 0 1 . 0 4 0 . 0 0 0 . 0 0 2 . 2 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

4 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

4 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 5 0

4 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 2 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

4 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

4 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

5 I 0 . 5 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

5 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 8 . 2 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

5 3 0 . 0 0 0 . 7 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

5 4 0 . 0 0 1 . 1 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 3 7 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

5 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0



Table 31. -Continued

Plot Frame AGRI ELTR AGST BRCA FEOV FEAR POCO TRRE LOCO ASCI Unkn
6 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

6 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 2 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

6 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

6 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 . 2 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

6 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

7 I 0 . 0 0 1 . 5 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 3 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

7 2 0 . 0 0 0 . 0 0 0 . 6 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

7 3 0 . 0 0 0 . 8 5 0 . 0 0 0 . 0 0 0 . 0 0 2 . 7 6 0 . 0 0 4 . 3 7 0 . 0 0 0 . 0 0 0 . 0 0

7 4 0 . 0 0 3 . 2 4 0 . 0 0 0 . 0 0 0 . 0 0 3 . 7 7 0 . 0 0 5 . 4 7 0 . 5 6 0 . 0 0 0 . 0 0

7 5 0 . 0 0 0 . 7 7 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

8 . I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

8 2 0 . 0 0 0 . 2 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

8 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

8 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

8 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 3 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

9 I 1 . 2 6 0 . 0 0 2 . 5 2 0 . 0 0 0 . 0 0 1 . 3 7 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

9 2 0 . 0 0 0 . 9 1 5 . 4 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

9 3 0 . 0 0 0 . 0 0 0 . 8 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 4 5 0 . 0 0 0 . 0 0

9 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 2 2 2 . 6 0 0 . 7 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

9 5 0 . 6 2 3 . 2 8 1 . 1 7 0 . 0 0 0 . 3 4 0 . 0 0 1 . 5 3 0 . 0 0 0 . 2 0 0 . 0 0 0 . 0 0

10 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

10 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

10 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

10 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

10 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

11 I 5 . 4 0 0 . 7 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 3 9 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0



Table 31 Continued.

Plot Frame AGRI ELTR AGST BRCA FEOV FEAR POCO TRRE LOCO ASCI Unkn
11 2 0 . 0 0 2 . 5 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 6 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

11 3 1 . 3 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 3 0 5 . 6 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

11 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 8 . 1 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

11 5 2 . 4 4 5 . 3 1 0 . 0 0 0 . 0 0 0 . 0 0 3 . 5 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 0 . 0 0

12 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 8 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

12 2 0 . 0 0 1 . 8 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 7 . 3 8 0 . 0 0 0 . 0 0 0 . 0 0

12 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 7 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

12 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

12 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 2 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

13 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0

13 2 0 . 0 0 1 . 6 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0

13 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 7 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

13 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

13 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

14 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 9 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

14 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 9 1 1 . 4 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

14 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 9 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 . 0 0

14 4 1 . 0 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 7 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

14 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

15 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 5 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

15 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 4 9 0 . 0 0 0 . 3 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

15 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 9 9 1 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

15 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 3 3 4 . 7 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

15 5 0 . 2 1 0 . 9 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 . 0 0

15 5 0 . 2 1 0 . 9 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 . 0 0

16 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0



Table 31. Continued

Plot Frame AGRI ELTR AGST BRCA FEOV FEAR POCO TRRE LOCO ASCI Unkn
16 2 0 . 0 0 0 . 0 0 0 . 5 5 0 . 0 0 0 . 5 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 . 0 0

16 3 0 . 0 0 0 . 0 0 1 . 3 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 . 0 0

16 4 0 . 0 0 0 . 9 5 0 . 0 0 0 . 0 0 0 . 6 8 0 . 0 0 0 . 9 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

16 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 5 0 0 . 6 7 0 . 8 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

17 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

17 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 7 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

17 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 9 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

17 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

17 5 0 . 0 0 0 . 0 0 1 . 1 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

18 I 1 . 0 7 3 . 1 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

18 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 8 . 7 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

18 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .6 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

18 4 0 . 0 0 0 . 2 1 0 . 0 0 0 . 0 0 0 . 5 2 0 . 0 0 1 . 4 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

18 5 0 . 0 0 0 . 2 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

19 I 0 . 0 0 . 1 . 0 5 0 . 0 0 0 . 0 0 0 . 0 0 3 . 4 6 0 . 0 0 1 .0 1 0 . 0 0 0 . 0 0 0 . 0 0

19 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 5 . 4 2 0 . 0 0 0 . 0 0 0 . 0 0

19 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 . 2 4 0 . 0 0 1 2 . 9 8 0 . 0 0 0 . 0 0

19 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 4 5 0 . 0 0 5 . 0 2 0 . 0 0 0 . 0 0 0 . 0 0

19 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 3 5 0 . 0 0 4 . 8 0 0 . 8 5 0 . 0 0 0 . 0 0

20 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

20 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

20 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

20 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 . 0 0

20 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0

21 I 0 . 0 0 0 . 7 4 0 . 0 0 0 . 0 0 0 . 3 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

21 2 0 . 0 0 1 . 6 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 6 6 0 . 0 0 0 . 1 8 0 . 0 0 0 . 0 0 2 . 0 0



Table 31. - Continued

Plot Frame AGRI ELTR AGST BRCA FEOV FEAR POCO TRRE LOCO ASCI Unkn
21 3 4 . 1 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .5 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

21 4 0 . 0 0 0 . 7 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 4 5 0 . 7 7 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

21 5 1 . 0 9 1 . 0 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 9 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

22 I 0 . 0 0 0 . 1 1 0 . 0 0 0 . 0 0 1 . 7 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

22 2 0 . 0 0 0 . 0 0 0 . 2 5 0 . 0 0 0 . 1 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

22 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 1 9 0 . 4 7 0 . 0 0 0 . 7 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

22 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 5 0 . 3 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

22 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 1 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

23 I 0 . 0 0 0 . 0 0 1 . 2 8 0 . 0 0 0 . 0 0 0 . 8 5 1 . 3 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

23 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 2 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

23 3 0 . 0 0 0 . 0 0 2 . 3 4 0 . 0 0 1 . 0 5 2 . 7 5 1 .6 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

23 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 2 2 1 . 8 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

23 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 6 9 0 . 0 0 0 . 0 0 0 . 0 0 2 . 0 0

2 4 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 4 4 1 . 0 6 0 . 3 7 2 . 6 7 0 . 0 0 0 . 0 0 0 . 0 0

24 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 5 2 0 . 0 0 5 . 1 8 0 . 0 0 0 . 0 0 3 . 0 0

24 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 . 9 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

24 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 6 . 5 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

24 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 6 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

25 I 0 . 0 0 0 . 0 0 0 . 2 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

25 2 0 . 0 0 0 . 5 6 0 . 0 0 0 . 0 0 0 . 0 0 2 . 1 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

25 3 0 . 0 0 0 . 5 6 0 . 8 8 0 . 0 0 0 . 4 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 . 0 0

25 4 0 . 0 0 0 . 4 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

25 5 0 . 0 0 0 . 6 4 0 . 8 7 0 . 0 0 0 . 0 0 0 . 3 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

2 6 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 . 1 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

2 6 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 7 9 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 . 0 0

2 6 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 6 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0



Table 31. Continued.

Plot Frame AGRI ELTR AGST BRCA FEOV FEAR POCO TRRE LOCO ASCI Unkn
26 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 1 2 0 . 0 0 0 . 0 0 0 . 0 0 2 . 0 0

26 5 0 . 0 0 0 . 4 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

2 7 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

2 7 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

2 7 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

2 7 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

2 7 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

28 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 5 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

28 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 1 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0

2 8 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0

28 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 3 9 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0

2 8 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0

29 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 7 . 0 7 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

29 2 0 . 0 0 1 . 2 1 0 . 0 0 0 . 0 0 0 . 0 0 3 . 2 5 0 . 8 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

2 9 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 3 4 2 . 4 8 3 . 0 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

2 9 4 0 . 0 0 0 . 8 0 0 . 0 0 0 . 0 0 0 . 3 1 3 . 2 8 0 . 8 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

29 5 0 . 0 0 2 . 7 4 0 . 0 0 0 . 0 0 0 . 0 0 1 . 4 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

3 0 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 2 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

3 0 2 0 . 0 0 0 . 4 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 4 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

3 0 3 0 . 0 0 2 . 0 3 0 . 0 0 0 . 0 0 0 . 0 0 1 . 4 8 0 . 6 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

3 0 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 . 1 4 0 . 0 0 0 . 0 0 0 . 0 0 2 . 0 0

30 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 . 2 1 1 . 1 4 0 . 0 0 0 . 0 0 0 . 0 0 2 . 0 0

31 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

31 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

31 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0

31 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0



Table 31. - Continued.

Plot Frame AGRI ELTR AGST BRCA FEOV FEAR POCO TRRE LOCO ASCI Unkn
31 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 4 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

3 2 I 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 2 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

3 2 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

32 3 0 . 0 0 0 . 6 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 . 0 0

32 4 0 . 0 0 4 . 9 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

32 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

33 I 0 . 0 0 2 . 3 2 0 . 0 0 0 . 0 0 0 . 0 0 2 . 2 3 0 . 0 0 0 . 0 0 0 . 8 8 0 . 0 0 0 . 0 0

33 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 7 . 9 3 0 . 0 0 1 .0 1 0 . 5 0 0 . 0 0 0 . 0 0

33 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 4 2 0 . 0 0 1 2 . 2 0 0 . 0 0 0 . 0 0

3 3 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 . 3 3 0 . 0 0 1 4 . 5 2 0 . 0 0 0 . 0 0

33 5 0 . 0 0 1 . 0 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 . 0 0 2 . 8 0 0 . 4 0 0 . 0 0 3 . 0 0 O O
C O
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Table 3 2 . Penetrometer July 1 9 9 2 .

Random location number
Plot I 2 3 4 5 6 7 8 9 10

I 3 . 7 5 1 . 7 5 3 . 2 5 2 . 7 5 4 . 5 0 2 . 5 0 3 . 7 5 3 . 7 5 2 . 7 5 4 . 5 0

2 2 . 2 5 4 . 0 0 2 . 2 5 2 . 2 5 1 . 7 5 2 . 5 0 2 . 7 5 1 . 7 5 2 . 2 5 2 . 2 5

3 2 . 5 0 4 . 5 0 4 . 5 0 1 . 7 5 4 . 7 5 1 . 7 5 4 . 0 0 2 . 7 5 4 . 0 0 3 . 7 5

4 2 . 5 0 4 . 5 0 4 . 2 5 4 . 0 0 1 . 7 5 4 . 5 0 4 . 5 0 4 . 5 0 4 . 5 0 3 . 5 0

5 1 . 5 0 4 . 5 0 1 . 7 5 2 . 0 0 1 . 7 5 1 . 7 5 1 . 7 5 2 . 0 0 1 . 2 5 2 . 0 0

6 2 . 5 0 1 . 2 5 4 . 5 0 3 . 0 0 1 . 7 5 1 . 5 0 1 . 7 5 4 . 5 0 1 . 7 5 1 . 5 0

7 4 . 0 0 4 . 5 0 2 . 5 0 1 . 5 0 2 . 5 0 2 . 0 0 2 . 7 5 2 . 7 5 2 . 2 5 4 . 5 0

8 2 . 2 5 1 .5 0 4 . 5 0 1 . 7 5 2 . 2 5 2 . 5 0 1 . 7 5 1 . 7 5 4 . 5 0 3 . 0 0

9 2 . 5 0 3 . 0 0 1 . 5 0 2 . 2 5 2 . 2 5 3 . 2 5 2 . 7 5 2 . 2 5 2 . 2 5 3 . 0 0

10 5 . 0 1 0 . 5 0 4 . 2 5 1 . 5 0 2 . 5 0 1 . 5 0 1 . 7 5 2 . 2 5 4 . 5 0 1 . 5 0

11 2 . 5 0 1 . 7 5 1 . 5 0 2 . 0 0 3 . 7 5 1 . 7 5 2 . 0 0 2 . 0 0 1 . 5 0 2 . 2 5

12 3 . 2 5 2 . 0 0 1 . 5 0 2 . 5 0 3 . 0 0 3 . 2 5 2 . 5 0 2 . 2 5 2 . 0 0 4 . 2 5

13 2 . 7 5 4 . 5 0 3 . 0 0 2 . 7 5 1 . 7 5 2 . 7 5 4 . 5 0 2 . 7 5 4 . 5 0 2 . 0 0

14 2 . 5 0 4 . 5 0 4 . 5 0 2 . 7 5 2 . 2 5 2 . 5 0 2 . 7 5 3 . 5 0 4 . 2 5 3 . 2 5

15 2 . 2 5 1 . 7 5 3 . 7 5 4 . 5 0 2 . 5 0 4 . 5 0 2 . 5 0 3 . 0 0 3 . 2 5 4 . 5 0

16 4 . 5 0 3 . 0 0 3 . 2 5 3 . 2 5 2 . 7 5 4 . 2 5 2 . 2 5 4 . 5 0 2 . 0 0 3 . 0 0

17 2 . 7 5 3 . 7 5 4 . 5 0 4 . 5 0 4 . 5 0 2 . 0 0 2 . 5 0 2 . 7 5 4 . 5 0 3 . 5 0

18 2 . 2 5 2 . 2 5 1 . 7 5 2 . 0 0 2 . 5 0 2 . 5 0 3 . 5 0 2 . 0 0 2 . 0 0 2 . 0 0

19 3 . 5 0 4 . 5 0 3 . 2 5 2 . 5 0 4 . 5 0 2 . 5 0 4 . 5 0 3 . 0 0 2 . 7 5 4 . 5 0

20 1 . 7 5 2 . 7 5 4 . 5 0 4 . 2 5 2 . 5 0 2 . 7 5 4 . 5 0 4 . 5 0 4 . 5 0 4 . 5 0

21 1 . 7 5 2 . 5 0 1 . 5 0 2 . 0 0 2 . 2 5 2 . 2 5 2 . 0 0 2 . 0 0 1 . 7 5 1 . 7 5

22 2 . 0 0 4 . 5 0 1 . 5 0 2 . 7 5 3 . 5 0 3 . 7 5 3 . 5 0 2 . 0 0 4 . 5 0 1 . 5 0

23 4 . 0 0 4 . 5 0 4 . 5 0 4 . 2 5 1 . 5 0 4 . 5 0 4 . 0 0 4 . 5 0 4 . 5 0 4 . 5 0

24 2 . 5 0 3 . 5 0 4 . 5 0 3 . 0 0 3 . 0 0 2 . 0 0 2 . 7 5 3 . 7 5 4 . 5 0 2 . 5 0

25 3 . 7 5 2 . 0 0 4 . 5 0 2 . 0 0 4 . 5 0 4 . 5 0 2 . 2 5 4 . 5 0 2 . 5 0 4 . 2 5

26 2 . 7 5 3 . 5 0 3 . 2 5 2 . 5 0 1 . 7 5 3 . 0 0 2 . 2 5 2 . 7 5 2 . 7 5 4 . 5 0

27 3 . 2 5 1 . 7 5 2 . 5 0 4 . 0 0 4 . 5 0 4 . 5 0 3 . 7 5 4 . 5 0 4 . 0 0 2 . 5 0

28 4 . 5 0 4 . 2 5 1 . 7 5 3 . 5 0 2 . 5 0 4 . 5 0 3 . 5 0 4 . 5 0 4 . 5 0 3 . 2 5

29 3 . 2 5 3 . 0 0 1 . 0 0 1 . 7 5 3 . 0 0 4 . 0 0 2 . 0 0 2 . 7 5 2 . 5 0 4 . 5 0

30 2 . 0 0 1 . 5 0 4 . 0 0 2 . 0 0 2 . 5 0 2 . 5 0 2 . 2 5 2 . 2 5 1 . 2 5 4 . 0 0

31 4 . 0 0 2 . 0 0 2 . 0 0 3 . 0 0 2 . 0 0 2 . 5 0 1 .7 5 3 . 5 0 2 . 5 0 4 . 5 0

32 4 . 5 0 3 . 2 5 2 . 0 0 4 . 5 0 2 . 5 0 2 . 5 0 1 . 7 5 4 . 5 0 3 . 0 0 2 . 2 5

33 3 . 7 5 2 . 5 0 2 . 2 5 4 . 0 0 4 . 5 0 4 . 0 0 4 . 5 0 1 . 5 0 3 . 5 0 2 . 5 0
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Table 33. Penetrometer August 1992.

Random location number
Plot I 2 3 4 5 6 7 8 9 10

I 3 . 7 5 1 . 7 5 3 . 2 5 2 . 7 5 4 . 5 0 2 . 5 0 3 . 7 5 3 . 7 5 2 . 7 5 4 . 5 0

2 2 . 2 5 4 . 0 0 2 . 2 5 2 . 2 5 1 .7 5 2 . 5 0 2 . 7 5 1 . 7 5 2 . 2 5 2 . 2 5

3 2 . 5 0 4 . 5 0 4 . 5 0 1 . 7 5 4 . 7 5 1 . 7 5 4 . 0 0 2 . 7 5 4 . 0 0 3 . 7 5

4 2 . 5 0 4 . 5 0 4 . 2 5 4 . 0 0 1 . 7 5 4 . 5 0 4 . 5 0 4 . 5 0 4 . 5 0 3 . 5 0

5 1 . 5 0 4 . 5 0 1 . 7 5 2 . 0 0 1 . 7 5 1 . 7 5 1 . 7 5 2 . 0 0 1 .2 5 2 . 0 0

6 2 . 5 0 1 . 2 5 4 . 5 0 3 . 0 0 1 .7 5 1 . 5 0 1 . 7 5 4 . 5 0 1 . 7 5 1 . 5 0

7 4 . 0 0 4 . 5 0 2 . 5 0 1 . 5 0 2 . 5 0 2 . 0 0 2 . 7 5 2 . 7 5 2 . 2 5 4 . 5 0

8 2 . 2 5 1 . 5 0 4 . 5 0 1 . 7 5 2 . 2 5 2 . 5 0 1 . 7 5 1 . 7 5 4 . 5 0 3 . 0 0

9 2 . 5 0 3 . 0 0 1 . 5 0 2 . 2 5 2 . 2 5 3 . 2 5 2 . 7 5 2 . 2 5 2 . 2 5 3 . 0 0

10 5 . 0 1 0 . 5 0 4 . 2 5 1 . 5 0 2 . 5 0 1 . 5 0 1 . 7 5 2 . 2 5 4 . 5 0 1 . 5 0

11 2 . 5 0 1 . 7 5 1 . 5 0 2 . 0 0 3 . 7 5 1 . 7 5 2 . 0 0 2 . 0 0 1 .5 0 2 . 2 5

12 3 . 2 5 2 . 0 0 1 . 5 0 2 . 5 0 3 . 0 0 3 . 2 5 2 . 5 0 2 . 2 5 2 . 0 0 4 . 2 5

13 2 . 7 5 4 . 5 0 3 . 0 0 2 . 7 5 1 . 7 5 2 . 7 5 4 . 5 0 2 . 7 5 4 . 5 0 2 . 0 0

14 2 . 5 0 4 . 5 0 4 . 5 0 2 . 7 5 2 . 2 5 2 . 5 0 2 . 7 5 3 . 5 0 4 . 2 5 3 . 2 5

15 2 . 2 5 1 . 7 5 3 . 7 5 4 . 5 0 2 . 5 0 4 . 5 0 2 . 5 0 3 . 0 0 3 . 2 5 4 . 5 0

16 4 . 5 0 3 . 0 0 3 . 2 5 3 . 2 5 2 . 7 5 4 . 2 5 2 . 2 5 4 . 5 0 2 . 0 0 3 . 0 0

17 2 . 7 5 3 . 7 5 4 . 5 0 4 . 5 0 4 . 5 0 2 . 0 0 2 . 5 0 2 . 7 5 4 . 5 0 3 . 5 0

18 2 . 2 5 2 . 2 5 1 . 7 5 2 . 0 0 2 . 5 0 2 . 5 0 3 . 5 0 2 . 0 0 2 . 0 0 2 . 0 0

19 3 . 5 0 4 . 5 0 3 . 2 5 2 . 5 0 4 . 5 0 2 . 5 0 4 . 5 0 3 . 0 0 2 . 7 5 4 . 5 0

20 1 . 7 5 2 . 7 5 4 . 5 0 4 . 2 5 2 . 5 0 2 . 7 5 4 . 5 0 4 . 5 0 4 . 5 0 4 . 5 0

21 1 . 7 5 2 . 5 0 1 . 5 0 2 . 0 0 2 . 2 5 2 . 2 5 2 . 0 0 2 . 0 0 1 .7 5 1 . 7 5

22 2 . 0 0 4 . 5 0 1 . 5 0 2 . 7 5 3 . 5 0 3 . 7 5 3 . 5 0 2 . 0 0 4 . 5 0 1 . 5 0

23 4 . 0 0 4 . 5 0 4 . 5 0 4 . 2 5 1 . 5 0 4 . 5 0 4 . 0 0 4 . 5 0 4 . 5 0 4 . 5 0

24 2 . 5 0 3 . 5 0 4 . 5 0 3 . 0 0 3 . 0 0 2 . 0 0 2 . 7 5 3 . 7 5 4 . 5 0 2 . 5 0

25 3 . 7 5 2 . 0 0 4 . 5 0 2 . 0 0 4 . 5 0 4 . 5 0 2 . 2 5 4 . 5 0 2 . 5 0 4 . 2 5

26 2 . 7 5 3 . 5 0 3 . 2 5 2 . 5 0 1 . 7 5 3 . 0 0 2 . 2 5 2 . 7 5 2 . 7 5 4 . 5 0

27 3 . 2 5 1 . 7 5 2 . 5 0 4 . 0 0 4 . 5 0 4 . 5 0 3 . 7 5 4 . 5 0 4 . 0 0 2 . 5 0

28 4 . 5 0 4 . 2 5 1 . 7 5 3 . 5 0 2 . 5 0 4 . 5 0 3 . 5 0 4 . 5 0 4 . 5 0 3 . 2 5

29 3 . 2 5 3 . 0 0 1 . 0 0 1 . 7 5 3 . 0 0 4 . 0 0 2 . 0 0 2 . 7 5 2 . 5 0 4 . 5 0

30 2 . 0 0 1 . 5 0 4 . 0 0 2 . 0 0 2 . 5 0 2 . 5 0 2 . 2 5 2 . 2 5 1 .2 5 4 . 0 0

31 4 . 0 0 2 . 0 0 2 . 0 0 3 . 0 0 2 . 0 0 2 . 5 0 1 . 7 5 3 . 5 0 2 . 5 0 4 . 5 0

32 4 . 5 0 3 . 2 5 2 . 0 0 4 . 5 0 2 . 5 0 2 . 5 0 1 . 7 5 4 . 5 0 3 . 0 0 2 . 2 5

33 3 . 7 5 2 . 5 0 2 . 2 5 4 . 0 0 4 . 5 0 4 . 0 0 4 . 5 0 1 . 5 0 3 . 5 0 2 . 5 0
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